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ABSTRACT

In 1976 LGL Ecological Research Associates (LGL) was awarded a con-
tract by the Outer Continental Shelf Environmental Assessment Program of
the National Oceanic and Atmospheric Administration (NOAA-OCSEAP) to plan
and implement an integrated ecological study of a barrier island-lagoon
system in Alaska’s Beaufort Sea. In conjunction with several university
scientists, including a modeling team from the University of British
Columbia, the study was planned in detail in mid- and late 1976. This
report describes the planning, research, and results of that study in
the 3% years since it began.

The geographical location of the study was the Simpson Lagoon-Jones
Islands area and vicinity. The subject. focus was on geological, oceano-
graphic, and ecological processes that supported vertebrate species of
primary interest to humans, and that were speculated to be vulnerable to
petroleum development activities. A number of findings of the study had
important implications to assessing the consequences of man’s activities
in the area.

Physical processes studied included formative mechanisms of coastal
landforms, water circulation and exchange patterns, and transport and
delivery patterns of materials carried by the water. Submergence of
coastal tandforms and the consequent formation of lagoons from lake beds,
and islands from coastal ridges, appears to dominate in shaping the coas-
tal substrates. The erosional forces of water and ice, coupled with re-
latively slow longshore transport of sediments, further mold and change
the emergent and submergent landforms. Circulation and the associated
transport of entrained material is dominated by rapid longshore water
motion; exchange between nearshore and offshore water masses is more re-
stricted. However, the nature of the nearshore-offshore exchanges ap-
pears to be ecologically very important, in that these exchanges pro-
bably promote the accumulation of nutrients, detritus, and invertebrates
in the nearshore zone.

Important bird species in the coastal environment include oldsquaw
ducks and red and northern phalaropes. These feed mainly on crustaceans;
oldsquaws eat mostly mysids, and phalaropes eat in addition large amounts
of copepods. The activities of these birds are largely. restricted to



the shallow bays, lagoons, and beaches from mid-summer to early fall
(oldsquaw) and in August (phalaropes). These birds use the nearshore
environment mostly for resting, feeding, and (for oldsquaws) molting,
but not for nesting. Their main vulnerability to man’s activities would
probably be to 0i! on the water and beaches in late summer or early
fall. Additionally vulnerable to man's activities would be island-
nesting species (eiders, brant, snow geese), that occur in the region

in small numbers.

The most important fish species are anadromous (arctic and least
cisco, arctic char); of lesser direct importance to man but important
ecologically, are some marine species [arctic cod, fourhorn sculpin).
Similarly to the birds, all these species feed largely on epibenthic
crustaceans--primarily mysids and secondarily amphipods. The anadromous
species, abundant in the nearshore only during the warmer season, con-
centrate in the shallows near the margins of the mainland and, to some
extent, near the islands. The marine species show 'ess restriction in
habitat preference; one of these species (arctic cod) is highly mobile
and the other (fourhorn sculpin) is relatively sedentary. All the ana-
dromous species are highly mobile. None of the important fish appear to
use the nearshore environment for spawning, but apparently come there to
feed and grow. These fish would probably he relatively resistant to
being adversely affected by most of the anticipated activities of man,
except for possibly the construction 9f extensive solid-fill causeways
and the effects of increased harvests by commercial or subsistence
fishermen.

Invertebrates were considered important in proportion to the extent
that they were impertant as food for fish and birds. Thus, mysids and
amphipods became the focus of interest. It appears that these epibenthic
invertebrates acquire most of their nourishment from marine-derived re-
cent primary production (as opposed to terresirial 1y-derived recent pro-
duction or the abundant peat detritus in the system). Amphipods occupy
both the lagoons anc adjacent oceanic wa*ers year-round; mysids leave
the lagoons in late winter but repopulate them each summer. Most of the
cropping c¢f these invertebrates by fish and birds occurs in the shallow

lagoons and bays in summer. There appears to be a superabundant
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production and availability of these invertebrates relative to the die-
tary needs of the fish and birds. The effects of man’s activities on
invertebrates would probably be detrimental to birds and fish only if
(1) mysids were prevented from annually repopulating shallow lagoons
where birds and fish feed or (2) very large scale decreases in the pro-
ductivity of the invertebrates were caused by oil spills or other per-
turbations.

Primary production in lagoon and ocean waters, and not terrestrially-
derived detritus, appears to be the major fuel of the food webs that sup-
port fish and birds in the nearshore environments. The major contribu-
tion to this primary production is thought to be by plankton (primarily
diatoms) in the water column in summer, but a major secondary source
of production is by epontic (under-ice) algal communities. Benthic
primary production is thought to contribute a small portion of the total
production to the food web. Primary production is highest per unit water
volume in the nearshore shallows, apparently because the limiting nut-
rients nitrogen and phosphorus are optimally available there. The maj-
ority of nitrogen appears to come from the land and the major supplies
of phosphorus are contributed by the ocean. The primary producers in
general are suspected to be very resilient to oil spills and other per-
turbations, at least resilient to the extent that impacts would not be
felt by fish and birds at the top of the food web.

In general, the nearshore environment of the Beaufort Sea appears to
be highly productive (in terms of the biota of interest to man) relative
to the adjacent ocean. Productivity is enhanced by (1) circulation that
causes nutrients and biological products to accumulate in the nearshore,
(2) shallow depths that promote rapid utilization of nutrients and biota,
(3) short food webs that promote efficiency in net production, and (4)
migrant populations of biota that populate the shallows during growth and
feeding stages of their lives.

Ecological theory and data from this study suggest that the near-
shore Beaufort Sea ecosystem should be extremely resilient to man-induced
perturbations, especially when these perturbations resemble those caused
by naturally-occurring events. We suspect that direct impacts on fish



and birds (e. g., overharvests of fish, effects of oil spills on birds)
will be more likely to manifest themselves than will indirect impacts
caused by perturbations to food webs and habitats. It is strongly
suggested that monitoring programs to be used to assess impacts as de-
velopment proceeds be structured to measure the health of selected or-
ganisms and critical interactions between organisms and processes,
rather than to measure the status of the species themselves.
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SUMMARY

The Barrier Island-Lagoon Ecological Process Studies Program was
initiated in spring 1976. Most of the first year of the program was al-
located to planning and designing the research to be performed in the
next three years of the program. During this first-year planning period,
the Simpson Lagoon-Jones Islands area was selected as the study site, and
biologists, chemists, oceanographers, and geologists were selected to
carry out disciplinary studies. The studies to be performed were to
focus on the physical and biological processes rather than on components

alone.
The important features of the research design efforts were several:

1. The research needs were determined largely by biologists
because the focus of interest was on biological compon-
ents (species) that depended on selected processes.

2. The direction of research was focused sharply by the
mandate to examine only selected animal species and the
processes and habitat components that regulated these
species in important ways.

3. The major integrative force of the program was the
interactive planning that took place at semi-annual
workshops where all principal investigators convened
to plan research and to evaluate existing data.

4. Ecosystem modeling exercises were used as the major
tool during the workshops to identify existing data
gaps and to guide research to fill these gaps.

5. The simulation model that was used had as its main pur-
pose the quantitative evaluation of the current concepts
of the investigators as to how the system functioned.

It was obliged to deal with an array of problems, in-
cluding congruence in space and time among disciplines
and between field sampling and model representation, and
appropriate representations of the system’s integrity

in space.

6. Four submodels were constructed and periodically revised
by assembling information from four disciplinary panels
of workshop participants. A description of these sub-
models is presented, and a copy of the FORTRAN code of
the latest version of the ecological portion of the
simulation model is appended.
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INTRODUCTIGN

Early in 1976, the Research Planning Committee of NOAA”’s Outer Con-
tinental Shelf Environmental Assessment Program ‘NOAA-OCSEAP) sent
selected research organizations a request for @ proposal tc develop an
interdisciplinary ecological process study in a coastal area of the
Alaskan Beaufort Sea. The study was to be conducted in two distinct
stages: an in-depth information review and research planning stage,
which would be followed by an active research program to collect and in-
tegrate the existing data and to conduct. new iield research. In May
1976 a contract was awarded to LG! Limited-U.S.. 1Inc. (row LGL Ecological
Research Associates [LGL]) to develop a research plan (Phase 1), and

subsequently to conduct the planned research (Phase I1).

General Nature and Scops of Study

This program was designed to te a closely--integrated research in-
vestigation of the physical and bioicgical processes in a barrier island-
lagoon system on the Aiaskan Beaufort coast. (Processes, broadly defined
as the patterns of change that are governed by natural laws and that
recur in time and space, are exemplified by such phenomena as water cir-
culation, land-form erosion, sediment transport, and migration and feed-
ing activities of fish and birds.) The progra: was to identify the
processes that are sensitive to impacts and imocrtant to those ecosystem
components (organisms, that are of particular cencern to society; these
processes were to be studied as a means of assessing the impacts of
development upon these components. A significant factor that affected
the research program was the need to extrapoiate the approach and find-
ings 6¥ the study to assist in the assessment of impacts in other areas
of the Beaufort Sea continental sheif.

At the outzet NOAA-QCSEAP idertivied tas general types of processes
in the barrier island-lagoon environment that they viewed as important
in the context of tne objectives of the program, and that they therefore
required to be studied, These were processes that related to (1) the
biology of the system, {2) the oceanography and nearshore circulation,
and {3) the dynamics of the coastal land-form features (geology). The
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“disciplinary limits of the program were thereby established, and this
permitted the subsequent selection of qualified specialists as principal
investigators to design and implement the appropriate studies. Subse-
guently during the course of research planning, specific processes which
were to be studied within each discipline were identified.

Objectives and Rationale

Because this program was, in essence, an experimental undertaking,
an implied objective of the program was to test the viability of the
process analysis approach to impact assessment. Three more specific
research objectives of the program were stated by NOAA; these objectives

and an amplification of each are as follows:

1. To Zdentify and analyze those components and processes
that contribute significantly to the structure and
productivity ¢of the nearshore ecosystem.

It would he impossible to study all of the components

and processes that occur in the barrier island-lagoon
ecosystem. The scope of this objective was accordingly
narrowed during the course of the research planning to
include only the identification and analysis of those
systems processes (and their associated components) that
were essential to the life-support of the species that
had been identified as “important” and that were likely
to be altered as a consequence of development. “Impor-
tant” species were defined to be those birds, fish and/or
mammals that were a significant constituent of the fauna
of the area to be studied and that (1) had significant
commercial or recreational value, (2) were important to
the subsistence of local residents, and/or (3) were
otherwise “high profile” and therefore of major concern
to society and to decision-makers. Modifications to

the list of important components and processes were made
as a consequence of findings made as the study progressed.

2. To evolve mechanisms whereby the "important’ components
and processes can be evaluated for their reaction to
man's activities.

Most impact assessments have been based on speculation
that is tied to established facts. The purpose of this
objective was to make this process more accurate. This
objective would be addressed by the generation of a
series of hypotheses that would be capable of being
tested, that would be relevant to impact assessment,
that would be cost-effective from the point of view of

14



impact assessment, and that could ultimately lead to
more accurate speculation about the consequences of
development.

3. To determine the feasibility of detecting and quantifying
the temporal changes in “important” ecosystem components
and processes.

Testing of hypotheses about reactions of ecosystem com-
ponents and processes to man’s activities usually requires
guantification of change. Changes in values or levels

of ecosystem components or in the rates at which processes
occur are normal, evenin the absence of man’s influence.
Changes caused by human activities thus are often diffi-
cult to separate from normal temporal variations. In
order to determine whether a specific component or process
can be used to measure impact, it is essential to deter-
mine the feasibility of measuring changes in the component
or process with sufficient precision to quantify both the
normal range of variability and the perturbations of such
normal variability that are caused by man.

Relevance to Impact Assessment

System processes differ from components in two ways that relate to
impact analysis; each of these ways offers an advantage over conventional
methods of impact assessment (i.e., assessment via baseline studies of
components):

1. Man’s activities sometimes assert themselves as impacts
through alteration of support processes rather than
through direct obliteration of components (populations).
A characterization of process rates and mechanisms,
rather than a compilation of baseline data about com-
ponents, will therefore enable scientists to speculate
more effectively about the manner in which development
may alter the important components.

2. It has been hypothesized that the characteristics of pro-
cesses are temporally and spatially more conservative
than are characteristics of components. As a result
of this relative constancy the process information is
more broadly applicable than is conventional baseline
data, and may consequently be more freely extrapolated
to answer questions about development impacts in other
areas.

15



STUDY AREA:  SELECTION AND CHARACTERISTICS

Selection

The NOAA-OCSEAP planners desired that the Barrier Island-Lagoon
Study focus its attention on a representative barrier island-lagoon site
on the Alaskan Beaufort Sea coast. Ideally this site would have the
following characteristics:

1. It should, as much as possible, typify other barrier

island-lagoon systems so that data from other areas
that applied to the processes under consideration
could be used in the study and so that research find-

ings from this study could be extrapolated to other
areas.

2. 1t should have been comparatively little disturbed by
past human:activities, so that the processes to be
studied would be representative of a relatively “natural”
situation.

3. It should be relatively accessible in order to minimize
logistics support costs.

4. 1t should have previously been the focus of research
so that a partial data base would already be availabie.

Four areas along the Alaskan Beaufort Sea coast were initially
evaluated as potential study sites. Considered as candidates were Eison
Lagoon and the Plover Islands (in Naval Petroleum Reserve No. 4),
Simpson Lagoon and the Jones Islands (about 30 km west of Prudhse Bay),
Challenge-Flaxman Lagoon and the Maguire-Flaxman Islands (near the
Canning River delta), and Kaktovik Lagoon and Barter Island (in the
Arctic National Wildlife Range).

The Simpson Lagoon-Jones Islands area {Fig. 1) was selected over
the other areas for several reasons, including the variety of habitat
types that the area appeared to contain relative to the d-iversity found
at other sites, its nearness to efficient lggistics support, and the
amount of background data available for the site.

Because of the extreme variability ameng the physical parameters
from place to place along the Alaskan Beaufort Sea coast, it became
obvious that no system could be considered "typical". The selected area
appeared to be relatively heterogeneous with regard to its physical
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characteristics. It contained elements that seemed representative of
the variety that exists along the northern coastline of Alaska; in this
respect it may be of more value” than a relatively homogeneous site. By
addressing the diversity of physical habitats available for study at
Simpson Lagoon, greater potential existed for extrapolation of the data
to a variety of coastline situations.

Although the extensive installations of the Prudhoe Bay oil Field
are only a short distance (about 30 km) to the east of the area and a
Distant Early Warning (DEW) station and air strip are located at Oliktok
Point, no major communities or settlements are in the immediate vicinity
of Simpson Lagoon. Several cabins (some seasonally occupied) and a land-
ing area are present along the mainland coast of Gwydyr Bay.

Logistics problems for field studies appeared to be relatively mini-
mal . The area is 30-40 km west of the Deadhorse jetport, which has both
helicopter and fixed-wing aircraft support and scheduled air services
from Fairbanks.

A considerable amount of scientific data was available for the
-Simpson Lagoon area on both its physical and biological parameters. A
number of recent and on-going studies have been funded through state and
federal organizations and by private corporations.

Characteristics

The major research effort was carried out in the immediate vicinity
of Simpson Lagoon and the adjacent Gwydyr Bay; subsidiary sampling ef-
forts were made as deemed appropriate in other adjacent areas. One
river, the Ugnuravik River, discharges into Simpson Lagoon; two rivers,
the Sakonowyak and the Kuparuk rivers (from west to east), discharge
into Gwydyr Bay. The Colville River, to the west of the study site,
and the Sagavanirktok River to the east exert a more peripheral influence
on the system. Lagoon waters are up to approximately 4 m deep, but most
are less than 2.5m (Fig. 2). Prevailing currents are from east to west,
but periodically reverse their course under strong winds from the west.
Lagoon waters freeze to a depth of approximately 2 m by late winter, at
which time under-ice salinities are very high {up t0 60 ppt); salinities
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rapidly decline to brackish during the course of breakup in early summer,
then gradually increase during the open-water season. Lagoon bottoms
are silt or sand covered in deeper areas by a thin layer of detritus.

The mainland and the larger islands have a surface of tundra vege-

tation overlying peat deposits. Other islands are surfaced with sands
and gravels.

] Tundra-Capped
MATNLAND PINGOK 1S, /Sand-Gravel Barrier

BEAUFORT 21
SEA 41

K SIMPSON LAGOON

Bottom Detritis

1.2 em Thick Sand Silt Substrate

Fig. 2. Cross section of Simpson Lagoon.
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RESEARCH:

The Barrier Island-Lagoon Program was managed by LGL, which, in
conjunction with its Canadian affiliate (LGL Limited), was responsible
for the course and direction of the program since the award of the ini-
tial contract. As a first step in responding to the contractual require-
ment of detailed program planning, LGL developed the program framework
and identified the general research needs.

Principal investigators for the various research fields that had
been identified were selected from the staff of LGL and, on the basis of
proposals submitted, from various universities (Table 1). With one ex-
ception, investigators with university affiliations came into the program
under separate contracts with NOAA-OCSEAP; th2ir annual reports are
submitted separately according to the terms ¢f their respective contracts.
Dr. C.J. Walters et al. were under subcontract with LGL. Despite the
contractual segregation among disciplines,” however, the research data

were shared among investigators.

Chronology of Events

Although the planning and research phases of the program have been
contracted separately, the two emerged as one continuing effort. A dis-
cussion of the sequence of program events follows.

In June 1976 an initial background document was prepared; it out-
lined the proposed program within the context ¢f a brief regional environ-
mental description based on existing literature. This document was sub-
mitted to NOAA-OCSEAP and to other selected scientists for their infor-
mation and review. In late July of that yvear @ meeting was convened for
a discussion of the incipient research plan. Attending were represen-
tatives from OCSEAP and from LGL, consulting scientists who had reviewed
the above background document, and a systems modeler (Carl Walters) from
the University of British Columbia. Foliowing this preliminary planning
workshop, and partially in response to ideas tirat were generated there-
in, a draft research pian was submitted to NGAA in September 1976. The
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Table 1. OCSEAP vesearch unit numbers, disciplines and affiliations of principal investigators
participating in the Barrier Island-Lagoon Program.

Principal Investigators Ru No. Discipline Affiliation

J.C. Truett 467 Project Director LGL Ecological
Research Assoc.

S.R. Johnson 467 Ecology (Birds) LGL Ecological
Research Assoc.

P.C. Craig 467 Ecology (Fish) LGL Limited

W.B. Griffiths 467 Ecology (Invertebrates) LGL Limited

C.J. Walters et al. 467 Systems Modeling Univ. of Br. Col.

J.B. Matthews 526 Oceanography Univ. of Alaska

J.C.H. Mungall 531 Oceanography Texas A&M Univ.

P.d. Cannon 530 Geology Univ. of Alaska

A.S. Naidu 529 Geology Univ. of Alaska

D.M. Schell 527 Nutrient Dynamics/

Primary Production

Univ. of Alaska




draft plan was followed in October by a second draft that had been re-
vised in response to comments from OCSEAP.

A Ffirst modeling and integration workshop was held on 2-4 December
1976 to assemble the principal investigators who had been identified
prior to that time and to create a preliminary systems model on which to
structure the forthcoming research program. As a result of that work-
shop and the associated modeling exercise, the research plan was further
revised and was submitted to OCSEAP on 17 January 1977. Preparations
were then begun for the research phase of the program. Final research
plans for the first year’s field work were completed during the course
of a second modeling and integration workshop in April 1977.

Field research commenced in early May 1977 and extended to late
September. Following a preliminary analysis of the season’s research
data, a third modeling and integration workshop was held on 6-8 December
to revise the existing model using 1977 field research data, and to be-
gin coordinated planning for 1978 research. Similar modeling workshop
sessions were held again in 1978 to plan and evaluate the field research
conducted in 1978. Workshops and extensive field research were discon-
tinued in 1979, and preparation of this final report was begun.

Function of workshéps

Workshops have served as focal points for continued research plan-
ning. The workshops have functioned specifically to accomplish the

following:

1. the promotion of general communication among principal
investigators, project managers, and NOAA and BLM plan-
ners and administrators,

2. the provision of a mechanism for critical examination
and revision of research task priorities,

3. the preparation and refinement of the computer simu-
lation of systems processes,

4. the assembling of principal investigators prior to the
field season to plan an integrated field research

effort, and

5. the assembling of principal investigators following the
field season to evaluate the research data collected.
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Workshops were usually held at the University of British Columbia
in Vancouver, B.C in December and in Aprii of each year. The December
workshops emphasized the preparation and updating of the simulation
model (see “Workshop Simulation Model' section to follow) and served to
increase the general understanding of the research program and the system
under study. Emphasis in the April workshops was on continued general
communication, on a re-examination of research priorities in light of the
most recently available information and on the planning of research ac-
tivities for the coming field season.

Definition of Research Tasks

Definition of research tasks occurred largely at workshops. Biolo-
gists assumed the responsibility for establishing the general objectives
of all disciplines, because selected organisms were the ultimate focus
of interest. The non-biological disciplines functioned as internal ser-
vice groups, and their research was designed to provide information that
was needed by the biologists. The biologists specified the types of
physical and chemical process information that they required in order to
clarify the biological dependencies that thzv were to investigate, The
oceanographers, geologists, and chemists then designed or modified their
research plans to provide the biologists with these data.

The primary consideration in defining resz2arch tasks was to insure
that the research efficiently addressed the ultimate goal 0f assessing
the impacts on designated resource components (“key” species of animals).
A structured approach for establishing research priorities at workshops
was guided by the following concepts, some of which depart appreciably
from convention.

1. System components (oraanisms) of pgrticular interest to

society were identified at an early stige. (These "com-
ponents of interest” were found to be predators, which
are situated ecologically near the top of the food

chain. ) Research efforts were thereafter directed solely

toward clarifying the environmental dependencies cf these
organisms.



Food-chain and habitat dependencies of these predators
were evaluated in a step-wise fashion that began with
the predators themselves and moved down the food chain.
(Conventional “ecosystem” studies have usually *“looked
upward” from the presumed energy base in an attempt to
trace the food chain lines within an extremely compli-
cated array of energy transfers, few of which directly
regulate the vertebrate populations. ) Because this
method forced investigators to look at only those
energy transfers and habitat-use factors that were nec-
essary to the life-support of the “important” organisms,
it promoted research efficiency.

3. Processes importantly affecting the organisms” food

chains and habitats were identified. However, research
was designed to address only those processes likely to be
significantly affected by development activities. The
most recently-available information on present-day OCS
development technology was used to delineate which pro-
cesses were likely to be affected.

Use of Modeling

A systems modeling team at the University of British Columbia pro-
vided a unique service to the Barrier Island-Lagoon Program. Through
use of a computer simulation model of the system, they helped to estab-
lish an interdisciplinary communication format within which research
planning (and evaluation of results) were facilitated. The functions

of the modeling exercises were as follows:

1.

Construction of the simulation model.

The first function of the modeling workshops was to con-
struct a simulation model. To do so, each disciplinary
specialist explained to a modeler how the processes with-
in his discipline operated and what information he re-
quired from other disciplines in order to predict the
operations of processes within his discipline. The mod-
eler then translated the description of these relation-
ships into a series of equations, which formed the simu-
lation model. [Important gaps in the understanding of
the system were revealed when the “current concepts” of
the disciplinary specialists proved to be incomplete.
This situation usually occurred when the model of the
dynamics of a discipline required input that wasnot

available.
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Organization of existing information and assessment of
its completeness through operation of the simulation
mode 1.

Once the modelers had produced a functioning model that
approximately simulated the *““current concept” of the
operations of the system, the existing data were organ-
ized and provided to the modelers and actual simulations
of the system were run. The initial inability of the
model to approximate the real system indicated to the
disciplinary specialists and the modelers the presence
of additional errors in their “current concept” of the
system and pinpointed areas where the existing data were
inadequate or inaccurate. On the first run of the model,
for example, the lagoon quickly filled in with detritus
and sediments. This process, whereby the model is re-
peatedly used to test the evolving “current concept” of
the system, is the primary value of the modeling work-
shops as a research planning tool.

Provision ofa common focus for determination of research
priorities.

It became evident at the outset that communication among
disciplines was difficult because of differences among
the scientists in their perceptions of the roles of their
research and hence in their opinions concerning research
priorities. The model forced the investigators to place
all of the research needs in a common format that tended
to reduce these differences.

Definition of appropriate temporal and spatial limits
to research.

Considerable effort was expended during the first two
workshops to define the appropriate time scales for
the research and modeling efforts, and to define the
limits of the study area. With respect to the time
scale, the effort was to determine the maximum time
interval between samplings that would result in an ac-
ceptably low probability that an important change or
event would be missed. Such a determination was neces-
sarily a subjective determination; not surprisingly,
different disciplines were found to require different
time scales.

It was important to define the study area so that the
research could be applied to a system with some inte-
grity. That is, the limits to the study area should

be chosen such that, to the extent possible, the area

is a logical unit wherein a maximum number of processes
occur solely within the system and a minimum number and
complexity of input and output phenomena cross the study
area boundaries.
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5. Use of the simulation model to design research.

The sequence of steps followed to design research was
similar at each workshop session. Following an initial
exercise to precisely define the program goals (problem
definition) and to identify the interdisciplinary in-
formation requirements, the development of quantitative
submodels was begun. Four submodels were created or
(at later workshops) refined; each simulated processes
within a particular discipline (oceanography, geology,
aquatic biology and ornithology). Once the submodels
were connected into an overall computer simulation,

the simulation was used to explore the sensitivity of
the system to changes in the values and functional re-
lationships that were assigned to important processes.
IT it was found that a small change in a particular
variable or relationship resulted in a major impact on
the way in which the model functioned, then that var-
iable or process was considered to be of high priority
in the research planning effort. Similarly, if it was
found that the system did not respond over a wide range
of values of a particular variable or over a variety

of assumed functional relationships, then that variable
or process was not considered to have a high priority.

The Workshop Simulation Model

Modeling workshops have filled a critical role in this project.
At regular intervals, they have served as a focal point for quantitative
evaluation of the current concepts of the investigators as to how the
system works. Because those concepts have undergone substantial evolu-
tion during the project, the model that has been produced during the
workshops has also changed several times. This section is intended
to summarize those changes in the model so that the reader can understand
some of the changes in understanding that have occurred during the pro-
ject. A copy of the FORTRAN code of the latest version of the model is
provided in Appendix 1.

Space and Time Problems

The First two workshops (November 1976 and April 1977) devoted
considerable effort to defining appropriate temperate and spatial scales
for the research and modeling efforts. Decisions were based on a var-

iety of scientific and logistic criteria such as:
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1. System Integrity. It was important to define the study
area so that, to the extent possible, the area was a
logical unit wherein a maximum number of processes occur-
red solely within the system and a minimum number and
complexity of input and output phenomena crossed the
study area boundaries.

2.  Programming and Computer Capabilities. The size of the
computer set an upper limit to the number of variables
and the simulated time steps in the model. Trade-offs
had to be made among the space and time dimensions of
the model. For example, the model could simulate a
spatially detailed view of the system for a small number
of time steps or a spatially aggregated view for a
large number of time steps. But it was not generally
possible to model many variables over a large number of
spatial areas or many time steps.

3. Congruence Among Disciplines. The time and space scales
of the processes being investigated were often so much
different that compromises and combinations of different
scales were necessary. For example, it was difficult to
capture the dynamics of plankton on a time step much
larger than a day, but it was pointless to use a one-day
time step for geological processes which evolve over
decades.

4. Congruence Between Field and Model. Because the model
was used for field research planning and evaluation of
results, 1t was necessary that the time and space scales
in the model be similar to the time and space scales
for field sampling.

During the first workshop, three mutually exclusive options for
space-time resolution of the initial model were identified:

1. IBP-style “point” representation; representing a single
onshore-offshore transect in great temporal detail.

2. An intermediate-scale representation of one short 5-km
section of arctic shoreline and associated lagoon and
barrier island area.

This approach would have allowed some representation

of the spatial heterogeneity along the lagoon shoreline,
but would not have addressed large-scale geophysical

and biological processes such as river runoff, erosion,
and the migration of fish and birds. With this spatial
scale, seasonal resolution of processes could have

been achieved, but very short dynamic responses would
have been poorly represented.

27



3. A large-scale representation involving one or more river
mouth and Barrier Island complexes. This approach could
have handled broad policy options (facility sighting,
land and river impacts on migratory organisms) and spatial
processes but would have required a very crude represen-
tation of short-term, small spatial processes and events.

In the First workshop, it was decided that option (2) might provide
enough understanding of the seasonal and weekly processes to permit sen-
sible development of a large-scale model in later workshops. It was
decided to start with a model of a 5-km band of shoreline in the Simpson
Lagoon area. Late in the first workshop, it became apparent that we
were trying to deal with too small an area. Water movement simulations
and animal dispersals indicated that the ecological dynamics of small
areas in the lagoon were likely to be dominated by inputs (currents,
migrations, sediment loads) from outside the model’s boundaries. Hater
movements might transport planktonic communities dozens of kilometers
per day along the Beaufort Sea coast, and epibenthic organisms might move
large distances in short times. The first model also indicated that
lagoon productivity might be driven by a small number of pulses of pri-
mary production and detritus inputs (at ice break-up and late summer).
This assumption implied that long-term productivity and integrity of the
lagoons might be determined by very short-term events and interactions
at the boundary of the model.

In the second workshop, it was decided that the model should con-
sider the whole of Simpson Lagoon as one well-mixed water unit and should
predict ecological changes on a day-to-day basis over the summer ice-
free season. Spatial heterogeneity was represented only in terms of the
overall amounts of gross habitat types present in the study area.

The model currently simulates a “year’ of one hundred days. The
first ninety days are divided into nine “weeks”’ of ten days each, repre-
senting the spring, summer, and fall ice-free period. The final “week’
of ten days represents the winter.

There are thirteen habitats defined within the study area: island
tundra, deep lagoon, shallow lagoon (protected), shallow lagoon (open),
shallow lagoon (stagnant), low shoreline (mainland), high shoreline
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(mainland), pond-freshwater habitat, pond shoreline, inland polygons,
inter-island open ocean, low shoreline (island), and high shoreline
(island). The island tundra, pond-freshwater habitat, and pond shoreline
habitats are not used in the most recent models that have concentrated

on the lagoon and its shores.

Model Description

The logical structure of the model involves two computer programs,
one for physical water movements (wind-driven currents) and one for eco-
system processes (transport of nutrients, organisms, materials, and bio-
logical interactions). The structure of the interaction of the two
models is depicted in Fig. 3. The water movement simulation model is
used to estimate the wind-driven currents in Simpson Lagoon. These esti-
mates are made under a variety of wind directions, speeds, and morpholo-
gical configurations of the lagoon (causeways, artificial islands). The
current velocity estimates from the physical simulation are used in the
ecological model to determine the flushing rate of the Tagoon and to es-
timate the transport of organic and inorganic materials, epibenthic and
planktonic organisms into and out of the lagoon.

Subsystem Modeling Approach. The ecological model is divided into

four submodels. Originally, the arrangement of disciplines into these
submodels was designed to provide an even workload for the modeler pro-
gramming each submodel. However, the relative importance of the sub-

models has changed so that the aquatic biology submodel now includes a

majority of the interesting dynamics in the model.

The Physical Oceanography Model. Most of the physical data used

in the ecosystem model are derived from the results of a two-dimensional
numerical water circulation model written by Dr. J.C.H. Mungall and
applied to the lagoon. This physical model predicts depth mean currents
that result from the application of surface stresses caused by a speci-
fied wind. Average nearshore and mid-lagoon currents and the rate of
flow of water through the lagoon are also generated. The grid intervals
used in this physical model are 1 km (Fig.4 ). To obtain these estimates
quickly and cheaply, the depth throughout the entire model region is
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Figure 3. Structure of model inputs and internal computations.
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assumed to be constant at 6 feet. Consequently, the predictions are very
approximate. The model is run with a set of predetermined, steady winds
using radiation conditions applied at the boundary, of the form:
outward current times depth = wave celerity times surface
elevation above mean sea level

The boundary conditions are applicable only for releasing transient
wave energy and cannot be used to obtain steady state currents. For
reasons of economy, computations were carried out for six hours only
starting from rest conditions (0O currents, sea surface at mean sea level).
As 2 result, the estimates of current and exchange rate in the lagoon are
Tikely conservative.

The physical factors initialization subroutine of the lagoon eco-
system model does not actually simulate any dynamics. Instead, it
assigns values to variables used in other places in the model according
to a pre-established sequence of weather conditions created from time
series data on wind velocities for the Simpson Lagoon area. This time
series data on wind velocities was used to create a seasonal wind pattern
for the area. The sequence involved three wind directions (east-north-
east, northwest, and west-southwest) and four different speeds for each
direction. The physical oceanography model was run for each of these
twelve wind cases, generating water current patterns from which corres-
ponding values for the following variables were calculated by the physi-

cal factors initialization subroutine.

(a) daily volume exchange of the 1 agoon
(b) mean current speed in center of lagoon
(c) mean shoreline currents

(d) length of exposed shoreline

(e) length of protected shoreline

(F) wave period

These variables, along with a time series of freshwater runoff and
ice cover and the sequence of wind velocities, formed the main set of
driving variables for the rest of the ecosystem model. For each simu-
lated day of the model, the physical submodel assigned values to these

variables corresponding to the sequence of wind velocities.
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Geology Submadel. This submodel deals with the inputs of organic

and inorganic material into the lagoon from the terrestrial system. The
model considers terrestrial materials from two sources. The first
source arises from erosion of the shoreline tundra material. It is
assumed that wave action and currents create slumping of the tundra onto
the beach. The slumped material is then washed into the lagoon as a
consequence of both wave action and long-shore currents. When this mat-
erial is moved away, an overhang is created and subsequent slumping
occurs. The number of slumps is assumed to increase with increased wave
action.

For the purpose of the geology submodel, the shoreline is divided
into four categories: low (1.5 m) and high (2.5 m), both exposed
and sheltered. The volume of material slumped is a product of the height
of the tundra in the shoreline type, the average width of a slump for
that shoreline type (depending on exposed versus sheltered), and the
length of shoreline of that type. The material, once on the beach, is
moved into the water-column and subsequently the lagoon by two processes.
The material is suspended due to wave action. Once suspended, it is
carried away by long-shore currents. The composition of a material is
assumed to be 30% organic in the high-profile shoreline and 20% in the
low-profile shoreline.

The other source of terrestrial material that enters the lagoon
comes from the freshwater system. The vast majority of this material is
moved prior to break-up but after the freshwater flow begins. In the
mode 1, this material is assumed to sit on top of the ice and then enter
the lagoon during the first week of break-up. This material is assumed
to be 75% organic by volume.

There are three major indicators that result from the calculations

in the geology model:

(a) the total organic material added to the lagoon;
(b) the total inorganic material added to the lagoon; and

(c) the cumulative distance of shoreline eroded.

Aquatic Biology Submodel. This submodel predicts the productivity

of the lagoon system for fish and birds in relation to physical and
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chemical conditions. To accomplish this task, the whole aquatic food
chain from nutrients through primary productivity to grazers and fish was
examined. The representation of the lagoon food chain is based on three
types of primary productivity (ice algae, phytoplankton, benthic algae)
and on detritus inputs from the terrestrial system (further subdivided
into freshwater runoff and shoreline erosion). The primary production
and detritus is processed by zooplankton and benthos to generate food for
birds and fish. |Ice algae is measured simply in terms of standing crop
available for grazers and detritus formation at the time of ice break-
up. The model does not simulate winter and spring growth dynamics of

ice algae but assumes that a given standing crop is available at ice
break-up each year, at least in the absence of direct poisoning due to
oil or other pollutants.

Nitrogen, phytoplankton, zooplankton dynamics were represented, as
in most modeling studies, as a biomass compartment flow system with
movement rates of material between compartments depending on “donor” and
“receiver” biomass pool available. The FORTRAN code provided in Appendix

1 includes detailed comments on the aquatic system dynamics.

Terrestrial Biology Submodel. The initial workshop considered both

birds and mammals in the terrestrial biology submodel. The birds con-
sidered were oldsquaws, eiders, shorebirds, brant, loons, and terns.

Each group of birds was divided into breeding and non-breeding components
for determination of the proportion feeding in each habitat. The amounts
of food organisms eaten by each species or group of birds were calculated
in “oldsquaw equivalents” (i.e., the food consumption of individuals of
each species or group was expressed in terms of the proportion of esti-

mated oldsquaw consumption).

The mammals considered in the first model were foxes and lemmings.
Fox numbers were dependent on amount of fox food (lemmings, birds, and
human refuse).

Later versions of the model progressively de-emphasized the diver-
sity of bird species and the mammals, resulting in a model which now con-
siders only the effects of oldsquaw feeding on benthos biomass.
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Transfers Between Submodels. Prior to submodel preparation, the

exchanges of information between submodels were defined by the workshop
participants. The resulting matrix from the first workshop is shown in
Table 2, and the matrix for the most recent model is shown in Table 3.
The differences represent changes in the focus of the modeling effort
during the project.
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‘Generated By" Submodel

Table 2. Quantitative information transfers between modeling teams and internal team concerns necessary to generate transfers
at first workshop.

“Received By” Submodel

Physical Oceanography

Aguatic Ecosystems

Geophysical Processes

Birds_and Mammals

Physical

oceanography
and

sedimentation

( Internal)
- currents

si it and detritus
settling rates

wind and waves
- 0i 1 movement

. Volume exchange rates

(1 ongshore and off-
shore, proportion/10
days

. Turbidity, ppm
. Detritus delivered to

sediment gC/10 days
Ice thickness, m

1. Freshwater discharge
m3/sec, from 1 ocal
sources

2. Lagoon current

velocity map
3. Mean wave period (m)

AW N

. Number of storms/10 days
. Turbidity, ppm

Ice thickness, m

. 0il, present or absent

Aquatic
ecosystem
dynamics

( Internal)
nitrogen dynamics
- primary production
- zooplankton, benthos
- fish populations

. Zooplankton density, gC/m

by aquatic habitat

. Benthos density, gC/m?

by habitat

. Small fish (larvae and

juveniles) density, No/m?
by habitat

Geophysical
processes

1. Tons silt flushed
into lakes and
estuaries, per 10
days

2. Tons of detrital C
added to waters/10
days

. Sediment composition

(1% gravel , % sand,
% clay)

Habitat sizes: km’of
water types, km of
shoreline

( Internal)
- 1 and forms
- erosion rates

Habitat types: km’land
area, km shoreline

. Shoreline mean particle

size {mm)

Terrestrial
biology: birds
and mammals

. Nitrogen inputs (9)

per 10 days from
land sources

. Consumption of

zoopl ankton, benthos,
fish/m® /10 days

1. Detritus added
(tons ¢/10 days ) by
small mammal
clipping

(Internal)
- densities by habitat
- migration patterns

- vegetation responses to
grazing, disturbance
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“Generated By" Submodel

Table 3. Quanti tatyr ve information transfers between modeling teams and internal team concerns necessary to generate transfers

at last workshop.

“Received By” Submodel

Physical Oce anography

“Aquatic _Ecosystems

Geophysi Zal Processes

Birds and Mammals

(Internal) 1. Volume exchange rates 1. Freshwater discharge 1. Number of storms/10 days
( longshore and off- m/see, from local 2. 0i
Physical - currents shore, proportion/10 source . 0il , present or absent
silt and detritus days
oceanography cettling rates Y o 2. Lagoon current
and 4 2. Turbidity, ppm veloci iy map
sedimentation wind and waves 3. Detritus del ivered to 3. Mean wive period (m)
oi 1 movement sediment gC/10 days
4. lce thickness, m
0il presence or absence
(Internal) 1. Zooplankton density, gC/m
X - by aquatic habitat
ni trogen dynamics . )
- - 2. Benthos density, gC/m
Aquatic primary production by habitat
ecosystem zooplankton, benthos
dynamics - fish populations
invertebrate consumption
by fish
Tons silt flushed 1. Habitat sizes: km? of (Internal)
into lakes and water types, km of erosior rates
- estuaries, per 10 shorel ine
Geophysical da
yS
processes
z. Tons of detrital C
added to waters/10
o days
1. Consumption of (Internal)
Tgrrestrial_ z2ooplankton, benthos per - densities by habitat
biology: birds n“/10 days each week

and mammals




APPENDIX 1. The Barrier Island-Lagoon Computer Simulation Model
(as of 1 February 1980).

Following is a copy of the FORTRAN code of the latest version of
the ecological portion of the Barrier Island-Lagoon Computer Simulation
Model. This model, as described earlier in this report, was developed for
use as a heuristic tool for modeling workshops and has changed substan-
tially at intervals since the first workshop in December 1976. It is
primarily of use for investigation of trophic relationships in the Barrier
Island-Lagoon system. A major restructuring of the model will be re-
quired if it is to be used for investigation of many of the other site-
specific and regional issues that have been highlighted by this project.

The model is written for execution by SIMCON, an interactive simula-
tion control software package (Hilborn 1973). SIMCON provides a great
deal of flexibility in input of data and output of model predictions, so
the reader will note that the model code has no 1/0 capability.

The model code represents the instructions necessary for the execu-
tion of one time step (1 day, 1/100 of a year). Comments in the program
will explain the details of the calculations involved; however, two un-

usual aspects of the program that are related to SIMCON should be

mentioned:

1. The subroutines UINIT and UMODEL are SIMCON conventions;
UINIT passes required information to SIMCON, and UMODEL
is the actual model that is executed each time step.

2.  The common block is large and is included in all sub-
routines (except UINIT) in order to fit into the 1/0
system in SIMCON. SIMCON simply “dumps” the common

block into a disc file each time step; all variables
for all time steps are thereby available for printed
or plotted output after the simulation is complete.
This model uses the output (waterflow, wave period, current velo-

city) of the oceanographic computer simulation model provided by J.C.H.
Mungall (Research Unit 531).
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APPENDIX 1 (cent’d)

o w N

o e wr

10

SUBROUTINE UINIT

SUBROUTINE UINIT

CALL DFAULT{*1=BBEAU.D )
CATL CM READ ('BBEANL. C *)
RETURN

C

C THE
cC TIiHN
c

A

COEMNON
CoxnoN
CoxEON
CCrHOR
CCHMON
CCNMON
CCHMON
CONMON
COXNOE
CCMMON
CCHMON
CCXMON
CCr¥oN
CCxYON
COMNCN
CCMMTN
CONMTHN
CCXmON
Com ey
CCY 20N
COXM4IN
CCX4ON
CCYMON
CCMMON
[ofoh B, [0
CCMMOK
CCYMON
C

c

c o}

c
C SET
c

END

SUBROUTINE UMODEL

SURRQUTINE UMNDEL(IT)

SCBRODTIRE UNODEL |S THE ACTUAL MODBL THAT SINCOY EXECOTES
E EFERIOD.

ASC{13), PISHS(13),IHAB (6}, CALDAY (3),5RANPC

200PL, BENTH (14), ALGIC (14}, PHYTO,BENALG {14), H(14)
200I¥(2), PHYIN(2), AICE (14) ,DEPOL(14), DETIN(14)
NSTIP,DPLTP,GPHN,CNIT,CRY X,GFATE,SIKKE,VEG (13)

FHOUT (10) ,R200, RPHYT, REEY,OCNIT, FISHL (14)
ZOOCX(1 O, PI SHEB, A FAD (10.5), cHAR (YO, PLAEV (14) ,0EX
EENIK(14) ,OEXIN,FIFR, EENCR,BIRDS (6),PRES (6, 10), ZOO?!
AFEA(14), TVOLW ,DB2TAL,TAREA ,0IL,BERTE (13),VEGE(13)
YMIG(6), BREED (6) ,XMIG (6, 10), SHORE, |DAY, DI CE[14) ,DdADD({14)
CURE,KAVE, GSHEFF (1 Q ,EMAX, ESERS,PONWAT, IYEAB,IWEEK
GVOL {14), GLOST (14}, GO (14), GI(14),GORG{14),GINOR(14})
NAREAS,J, I,GTHETA,5S PEED, GSLUMP, GSLUSL(3) ,5SLOMA (3)
GA,GE,GC (4),5D (48}, GPRCD,G PCRG(13) ,GWTORG,GHTIN,GAREA
GVCLFS, GRZ&0D, GS U4C I, GCW, GIN W, TORG ,TING, Q
GININ,GINEX (12),G6VvIDSL (13) ,GWTINO, IGNOV®,GDISTC

I%, I¥T5(10,10) ,00TFLO (12], EXPSHO(12), PROSHO [12)
ct,Q11,¢2,€22,0Q3,033, C4,Q44,05,Q55,P00T, 20UT, COUT
CVK,Sr (2) ,Ccv 12), susSpP, DFPOS,SRATF, DRATE,CINFV¥,SLOSS
CNYAF,D2ETH,DPTCUT [15) ,DINPW, DETRC,SPHYT,SGAIN
CCLONB (10} ,GCNEBAT, SINKSY,CHAFS,CVEZL, DEXTER(12)
DETKN,PRE“IN, BREX, ZXF4Y ,EXF13,X1CE(13, 10),TUEB (13)
XSTP, GPO 53F,0C N (15),% SURY, SF IS H(14), SF IS H (10 1Y)
GEHAF, F1SSB8%, QK, QS, GTORG,GTING,GHTIGH (13) ,GTIN,GTOR
EEXAL[| O), FI SAEF, 9APB, E%USE, BATPH, DATPH,GBUG)
ECCNF (14) ,G51G2,BP0OOD (14) , ECHAR({14) ,ESFISH (14)
FOSABD,PNUP,F EMIN,GBEN {14) ,PHUDGE, DOMMY,CVYTLI (12)
HONGEY (2, 14) ,A,B, BTIMES,EATEN ,CURENRT (12),%AVEE(12)

IYSAR = [IT-1)/100 + 1
1717°11 - (KYEAR 1]*100
IWEEK = (ITT-1)/10 + 1
IDAY = HOO(ITT-1,10 + 1

LL THE PHYSICAL FACTCRS |NTIALIZATION SUBROUTINE.
CALL EBYS

OP pyTeERwAL INORGARIC AND OBGANIC INPUTS

DBTOUT {INZEK) = DEXTER (IH)

OCNIT = OCK(IWEEK)
GININ = GINEX(IW)

c CALL THE GECLOGY SUBRQUTI NE.

CALL GEC

C CALL THE AQUATIC BIJLGGY SUBROUTINE.

39
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11

12
13
14

~No o & w

SUBROUTINE UMODEL (cent’d)

CALL acCU

c CALL ‘THE BIRD TROPHICS SUFROUTINE.

TH

OO0 0000

c

COMNMON
CCHEOR
CONNON
COMMON
CCHMMONX
CCMMON
[ole] 4103 )
COMMCN
COMMON
CCHu 0N
CCNMCN
CCMMON
ccmMON
COMEON
conMoN
CCHNON
CCH¥MON
Cco¥ BON
CCHHON
COMHCN
COMNCH
CCua0N
COMNON
[ofe}. 8.1}
CCMNON
CONNON
CONMON
c

c
C
C 8l
C

o

20

o000

o

c TH

CALL BIBDY
RETURN
END

SUBROUTINE BIRDY

SOEROUTINE BIRDY

IS IS THE SUBROUTINE THAT DOES ALL THE CALCULATIONS | NVOLVING BIRD

FEEDI NG
NOTE THBAT ALL BIRDS DO IN THS MODEL Is EAT.

ASC(13), PISHE2(13) ,IHAB (6}, CALDAY (3} ,GRAYPC
2Z00PL, BENTH(14),ALGIC ( 14), PHITO,BZNALG (14) ,H (14)
ZOOIN(2), PHYIN(2) ,AICE (14) ,DEPOL{14) ,DETIN (14)
NSTP,DELTP,GPHN,CRIT,CNIN, GEATE,SINKR,VEG (13)

EHOUT (10) ,RZ0OO0,RPHYT,BBEN,OCNIT, FISHL (14)

Z00CN (| O ,FISHBE, ANAD(10,5),CEAR (14) ,PLARV{14),0EX
BENIN(18) ,OEXIN,FIFR, BENCR,BIRDS (6], PRES(6, 10 ,ZO0E
AKEA (14), TVOL¥,DETAL, TAREA,OIL, BEETE( 13) ,VEGE(13)
YBIG (6} ,BREED{6) , X51F 6, 10, SHORE, | DAY, DICE (14) ,DADD(14)
CUHE,WAVE,GSHEFF (14), EMAX, ESENS,PONWAT,IYEAR , INEBEK
GVCL(14), GLOST (14),60 (14), G (10, GORG14),G YR (14)
NAREAS,J, I,GTHETA,GSPEED,GSLUKP, GSLUSL (3) ,GSLO4A(3)
GA,GB,5C (4),GD (4) ,GERCD, GPORG {13) ,GWTORS, GWTIN,GAREA
GVOLPS,GWEROD,GSUNDI,GC¥ ,GINW,TORG,TING,Q
GININ,GIKEX {12) ,6¥IDSL(13) ,GWTINO,IGKOVE,GDISTC
IW,INTHA(10, 10) ,CUTFLO(12) , EXPSHO( 12) , PROSHO {12)
01,011,02,022,03,033,04 ,Q4%,05,055,P0UT,20UT, COUT
CVK,SR (2) ,CV(2),S0SP,DEPOS,SRATE, DRATE,CINPV,SLOSS
CNHAF,DETR,DETOUT (15) ,DIXFW, DETRC, SPAYT, SGAIN
COLONB (10 ,GCNRAT,SINKXX,CHAPS, CVEL,DEXTER(12)
DETRN,PRE%IN,BREM, EXFMX EXFA XICE(13,1 O. '|URB(1 3)
ISTP,GPOPGF, oCH (15) ,®SURV, SFISH (13) ,SFISHI (10, 14)
GRHAF, FISS3R,QK, 25,GTORG,GTING,GHIGH (13) ,GTIN,GTOR
BENAL (14) , PISJEF, BAPH, ENUSE, BATPE, DATPH,GBUGH

RCONP (14) ,GBUG2,BFOOD [10), ECRAB(14) .ESFISH(14)
FUSABD,PNUP,REMIN,GBEN (14) ,PHUDGE,DUNNY,CVYELI {12)
HUNGRY (2, 14) ,A,B, BTIEES, EATEN,CORENT {12) ,WAVEE (12)

BD FEEDING |S CALCULATED ON TBE FIRST DAY OF EACH 10 DAY ‘ REEK .
IF (IDAY .NE. 1) GO TO 99
INITIALI ZE THE AMOUNT EATEN

DG 20 I =
BE RTE (1)
FISHE (1)
VEGE (I) = O
CCRTINUE

1,13
Q
Q

PUT IN THE NUMBER OF BIRDS THERE

BIRDS(1) = PRES{1,IWEEK)

IS SECTION FOR CLDSQOAWS
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SUBROUTINE BIRDY (cent’d)
c CALC,., GRANS CARBON EATEN PER BIRD

9 EAT EN=A+BE BTH (2) / (B+ BENTH (2))

c CALC. TCTAL GBAMS BATEN/ SQ. RETER DEEP WATER

10 BENTE (2)=SATEN*3IEDS {1 )/ (AREA(2) *1. E6)

11 IF (BSNTE(2) .GT. . 9#3ENTH (2)) BENTE(2) =. 9*B2NTH(2)
C

12 11 CONTINOE

13 10 CCNTINNE
(03

14 99 CCNTINUE

15 BETORYN

16 END

FUNCTION SLP

1 PONCTICR SLP{YI,XI,YY,R)
C
¢ THE FUNCTIOR SLP IS A LINEAB |NTERPOLATOR. ~ GVEN ARRAYS XX AND YY ARD X
¢ IT RETUBENS Y, INTERPOLATED BETWEEK TWD NEABEST PO NTS. N=NUMBER OF PO NTS.
C
2 DIXENSICN XX (20), YY(20)
3 st = YY (1)
4 IF (x . L?. XX(1)) GO TO 99
5 B =N -1
€ DO 10 I =1, %
7 IF (X .3%. XX(I+1y) GO TO 10
8 SLP = TR(I)+(IY (I+ 1) -YY(I))/ (RX(I+T) -XX (1)) * (X-XX(I})
9 GG 10 93
10 10 CCNTINDE
11 SLP = YY(H®)
12 99 RETURN
13 END
SUBROUTINE AQU
1 SUBROUTI NE  AQU
C
c NOTE THAT OXL |S OSED THEOUGHOUT TAIS SUBROUTINE TO
c REDUCE FEEDI NG AND RESUSPENSI ON BATES
C
C

COMMON ASC{13)},PISHE (13),IHAB (6) ,CALDAY (3] ,GRANPC

CCrMON ZGOPL,BENTH (14), ALGIC {14}, PHYTO, BENALG (14}, H{14)
CC%MON ZOOIN(2), PHYIN (2) ,AICE (14) ,DEPOL(14),DETIN(14)
CO®40F NSTP,DELTP,GPHN,CNIT, CNIN,GRATE,SINKR,VEG (13)

CC18I% FHoUT (10) ,R200, BPRYT, REEN,OCNIT, PISHL (14)

CC¥mON ZCOCN[ | O), FISHBR AXAD {10,5),CHAR (14) ,PLARYV (14) ,0EX
COXMON BENIN (14) ,0EXIN,FPIFR, BENCR,BIRDS (6),PRES (6, 10),ZOCE
CCHMCN AREA{14),TVOLW,DETAL,TAREA,OIL, BEXNTE(13),VEGE (13)
CCYMON YNIG(6),BREED(6) ,XH G 6, 10, SHORE, | DAY, DICE{14) ,DADD{14)
CONMON CORE,VWAVE, GSHEFP (14) ,EZ¥AX, ESENS,PONV¥AT, IYEAR,IVEBK
Ccc2u0N GVOL({14) ,GLOST (14),G0 {14} ,GI (14), GORG{14) ,GINOR {14)
CC¥40N NABREAS,Jd, I,GTd2TA,GSPEF ED,GSLOUAP,GSLOSL(3) ,GSLUMA(3)
CC“%0N GA,GB,GC {4),GD (4),GE ROD,GPORG (13), GWTORG,GWTIN, GAREA
CCZMON GYOLPS,GWEROD,3SUMDI ,GCW,GINV,TOBG,TING ,Q

CC%4ON GININ,GINPX (12),G¥I DSL{13) ,GWTINO,IGNOVE,GDISTC
CCx¥0ON 1W,IWTH [10,10),0UTFLO (12), FXPSHO(12), ROSHO (12)
coruaN €1,¢11,02,¢22,Q3,¢33,¢8 ,Q44,85,055,200T,20UT, COOT
Co%%2N CVK,SR [2) ,Ccv(2),5U5P, DEPOS,SRATE, DRATE, CINFW, SLOSS
coxycy CRHAF, CETR,DETOUT [15] ,DINPW, DETRC, SPHYT,SGAIN

cormoN CCLONB (10) ,GCNRAT,SINKARX,CHAFS,CYFL, DEXTER [12)
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ooTEWN

12

13
14
15

16

25
27

28
29
30

SUBROUTINE AQU (cent’d)

coMAaN DETWN, PREMIN,BEEN,EXPNX ,EXFH, XICE(13,10), TURB (13)
ccEMON X5TP,GPORGF,OCN (15) ,¥SURV, SPISH(14) ,SPISHI (10,14)
CCNMOK GRHAF,FISSBR,QR,QS,GTCEG,GTI FG,GHIGH [13) ,GTIN,GTOR
CoMMON BEFAL (1Y), FISHEF,BAPH, ENUSE, BATPH,DATPH,GBOG1
COMMON RCORP{14) ,GBUG2,BF0OOD (14), ECEAR (14) ,RSFISH (14)
CCKMOX PUSABD,PNUP,BRESNIN,GBEN(14) ,PHUDGE, DONNY,CVELI (1 2)
COMMON HURGBY (2, 18) ,A,B,BTIMFS,EATEN,CURENT [(12) , WAVEE(12)
C
C

BAPOL=0.

BNUSE=0.

BATPH=0.

CATFH=0.

IFP (IDAY.NE. 1}GO TO 209

IF 1?1S THE FIRST pay OF ‘THE FIRST PER OD, ACCUMILATE ALL THE BENTHOS
IN THE DEEP LAGOON AND APPLY A WINTER SURVIVAL RATE.

o000

IF (IWEEK.NE. 1) BENTH(2) =BENTH (2) + (BENTH (3) ¢BENTH(4) +BENTH(5)) *¥SURV
209 CCHTINUE

o

[ Loor CVER LAGOCN HABITATS

o

Do 201 IH=2,5

SET TBIS WEEK'S FISH POPULATIONS To THE DATA. SFIS3 |s SMALL FISH (I.E
ARCTIC COD).

coon

CHAR (IH) =ANAD(IVEEK,IH)
SFISB{IH)=SFISHBI (I%EEK,IH)

IF THEBE IS ICE THERE ARE NO FISH.

OO0

I1F (DICE{IH) .GT. O.)CHAR (IH)=0.

oo

SET FISH LARVAE.

PI1SHL (IH) =FLARV (IREEK)
IP {CICE(IH) .GT.0.) FISHL {IH)=0.
IF(ICAY.NE. 1)GO TO 202

SET INITIAL VALUES IFTHS IS PEROD 1
IF({IWEEK.NE. 1}GO TO 202

o

IFITIAL VALUES FOR

PISCOX--ZOOPLANKTCN CcONSUMED BY FISH
ZOOPL--Z0OPLANKTCR |IN THE WATER COLU%N
DETR--DETRITUS 1IN THE WATER CCLUWN
CHAR-- ARCTIC CHAR

FI SH L--FI SH LARVAE

PHYTO~-PHYTOPLANKTON IN ‘| HE WATER COLUNN
ALGIC--ICE ALGAE

COoO00O0OOO00O0

F1SCON=0.
ZOGFL=Z0QIN (2)

SETE=DETWN

CHAR (I H)=0.

FISHL{IR)=0.

PHYTO=PHYIN (2)

ALGIC (I1H) =AICE(IB)* (1. -QL)
IF (IH.RE. 2) BENTH (IH)=0.

THE CETRITUS IN THE DEEP IAGOON HABITAT |S INCREASED BY BOUNDARY
IRPUTS AND REDUCED BY OVEEBWINTER GRAZING BY BENTHOS. ITIS
ASSOMED THAT THE BENTHOS EAT 2 TIMES THEIR WEIGHT OVER THE WNTER

ocoo0o0o

IF (IB.EQ.2) DEPCOL (IH)=DEFOL (Id) +DETIN(TIH) -2.*BENTH(2)
IF (DEPOL{IH) .LT.0.)DEPOL (XH)=0.
IF{1H.NE.2) DEPOL (IH)=.

c SET INITIAL VvALUES POR N TROGEN CONCENTRATI ONS
CNIT=CNIN
BEXYAL (IH)=0.
202 CONTINUE

PUT ICE ALGAE INTO DETRITUS AFTER THE FIRST PER CD.

one
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SUBROUTINE AQU (cent’d)

31 IF {INEEK.EC. 1) GO 10 203
32 BENAL (IR} =BENAL (IH) +ALGIC (1H)
33 ALGIC (1B)=0.
34 203 CCHIINUE
C
C  CALCULATE WATER TURNOVER AND NUTRI ENT INPOUT CONC
C  SGLVE DIFFERERTIAL BQUATION FOR PHYTOPLAKKTONX, ZOOPLANKTON, AND
C MNITROGER CONCENTRATIONS POE DEEP LAGOON HABITAT IF THE ICE IS GONE
c
35 DETAL=0.
36 BAEH=0.
37 1F (DICE (IA).GT. 0.)GO TO 205
38 I1F(IH.KE.2)GO TO 205
19 IF (0TL. GT. |. E-6)0IL=0IL*EXP (-OEX)
(o4
¢ SINKING EATE IS AN EXPONENTIALLY DECLINING PUNCTION OF THE CURRENT VELOC TY.
C
40 SIKKR=SINRYX+EXP(-.694 I*CVEL/CHAPS)
C
¢ CALCULATE THE KUMBEB OF | TERATIONS AND THE TINE STE? FOR THE SOLOTION TO
¢  EN SURE NUMERICAL STABILITY. THE TIME STEP IS A PUNCTION OF THE WATER %ASS
c EXCHANGE BATE OF THE LAGOCH (OBX).
C
41 NSTP=XSTE*OBRX
92 1P {(NSTP.LT. 3] NSTP=3
u3 X=KSTE
m DELTP=1./X
45 00 204 INS=1,%STP
C
¢  2HYTCPLAKRTON GROWTH |S A FUNCTION OF pyYTOPLARKTOR DENSITY AND N TROGEN
C CONCENTFATION,
C

36 PNOP=GPHN*PHYTO*CNIT/ (CNHAF+CRIT) *(|.-OL)

oo

CGRAZING IS A FUNCTION COF EPBOTH PBYTOPLANXTON AND ZOOPLANKTON DENSITIES.

o

47 GRAZ=CGRATE* PHYTO*ZOOPL/  (GRHAP+PHYTO) * (1.-01IL)

NET CHANGE IN PHYTOPLANKTON DENSITY IS A FUNCTION OF:
FNOP--GKCRTH

GEAZ--GRAZING

FPHYT-—-RESPIRATIC N

SPHYT--SINKING (| NDEPENDENT OF CUPRENT SPEED)
OEX--WATER EXCHANGE (EM GRATIQN)

PHOUT--WATER EXCHANGE (IMMIGFATION)

o000 00O0O0

48 DPHYT=PNOP-GRAZ~ (RPHYT+SINKR+DEX) #PHYTO+OEX*PHOUT (I WEEK)

NET CHANGE I¥ N TROGEN CONCENTRATION IS A FUNCTION OF:
PHYTOFLANRTON GRCWTH

ZOGPLAXKKICN RESPIRATION

PAYTOPLAKKTCR RESFIBATION

BENTHOS RESPIRATICN

EXCEARGE I[N AND 00T OF THE LAGOON

PRESHWATFF INPUOTS

OO0 O00O0O00Oo

49 BNIT=-.1#PNUP+. | * (RZ0OO*200PL+RFPEYT*PHYTO+RBEN* BEINTH (2))
1-0EX*CNIT+OEX*OCNIT+. 1*PUSABD* (, S*DEPOL(2) +DETR)

CCNSOUMPTION OF ZOOPLANKTCR BY PISE IS A PUNCTION OF ZOOPLANKTON AND FISH
LARVAE TCENSITIES.

o000

50 FISCOR=FIFE*200FL*FISHL (IH)

NET CHANGE I¥ ZOOPLANKTON DENSITIES |S A PUNCTIOR COF:

PHYTCPLAKKTCN GHAZING

FISH CONSUBPTION

RESPIRATION

EXCHANGE (ISMIGBATION AL EM GRATIQN)

coo0oo0oo0 OO0

51 P200=,5%3EAZ-PISCON-RZCO®Z00PL-OEX* {ZO0PL-Z0OCN (IWEEK))

NET CHANGE IN THE DETFITNOS IN THE WATER COLUMN |S DEPENDENT ON
ZOCFLANKICN GRAZIKS AND EXCRETION

PHYTOPLAMDKTCN SINKING

FPRESHWATER DETRITOS

EXCHANGE 1IN THE RATER COLOMN

SINKIBEG OF DEZIRITIOS FROK THE JATER COLUMN

ocooo0o0o0o0 0o
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SUBROUTINE AQU (cent’d)

52 DETBC=. 5*GRAZ+DINFW+0EX* (DETQUT (IWEEK) —DETR)
1~SIRXB*DETRE~PUSAED*DETH

c
c UPDATE DETRITOS, ZOOPLANKTON, NITROGEN AND DETRITUS POQOL.

53 DETH=DETR+DETRC*DELTP

a4 |F {(DETR.LT. 1,BE-6) DETE=1.E-6
55 2C00P1=200PL+D200*DELTP

56 IF(200PL.LT. 1.E~H) ZOOPL=1, E-6

c ACCUMULATE DETRITUS AND PHYTOPLANKTON SINKING TO THE BOTTON

57 DETAL=DETAL+SINKB*DETR*ILELTP

58 BADH=BAPH+SINXR+EHYTO*DELTP

59 PHEITO=PHYTO+DPHYT*DELTP

60 |F PAYTC.LT. | g) PHYTO= 1,g-5

61 CNIT=CNIT+HENIT*DELTIF

62 IF{CRIT-LT. 1,E-B)CNIT=1.E~b

63 204 CCHNTINUE

64 205 CONTINUE
C
C DYNAMIC CHANGES IN BENTHOS
¢ CALCULATE ONLY FOR LAGOON HABI TATS
C

65 IF {IH.LT.2.0R.IH.GT.5) GO TO 201
C
¢ IF IT IS HOT WINTER ADD THE DETRITUS THAT HAS SUSK TO THE POOL AT THE
c BOTTCH.
C

66 IP{IWEEBR.NE. |) DEPOL (IH} =DETAL+DEPOL (IH)
C
c RESDSPENSION BATE OP BENTHIC ALGAE
c

67 SRATE=SLP (CVEL,CV,58,2) *(L.-0 L)

68 |F (IH.EC.2) SEATE=,5*SRATE

c UPDATE EENTHIC ALGAE POR SINKING ABD RESUSPENSION
69 BEWAL (IH) =BENAL (IH) +BAPH-SRATE#*BERAL (IH)

c GBOWTH |S 2 FUNCTION OF DENSITY, OL, N TROGEN, ASID RESPIRATI ON

70 BGHEON=GPHN*BENAL(XYH)?* (1. -olL) *CNIT/(CNHAP+CNIT)
1-BPHYT*BENAL (IH)
7 IF (BGROW.GT. 10. *CNIT) BGROW=10.#CNIT

c CALCULATE N TROGEN 7SED BY BENTHIC ALGAE

72 BNUSE=3NUSE+. 1*BGROW¥AREA (IH). 1. E6
73 BERAL (IB) =BENAL (IH) +BGROW

c SUSPENDED BENTHIC ALGAE BECONMES PRYTOPLANKTON
74 BATPH=BATPH+SRATE*BENAL (IH) *AREA (IH)*1, B6
c REDUCE DEIRITOS POOL BY FEACTERIAL BRCTIVATION AND RESUSPENSION
75 DEPOL (IH)=DEPOL (IH) - (PUSABD+SRATE) *DEPOL({IN)
c ADD RESUSPEINDED DETRITUS TO THE HATER COLUNN
76 DATPH=DATPH+SRBATE*DEPCL {IH) *AREA(JIH)*1,E6
c TOTAL FcOD FCE BENTHOS
7 BFCOD (IB)=BENAL (IH) +FUSABD*DEPOL (IH) +1.E-4
4 BENTHOS CONSUME DEIRITOS FOOL

7a CONB=BENCR*BENTH (IR)* (1.-0IL)
79 IF ICONB.GT.. 95" EF0OD (IH} } CO ¥B=,95*BFOOD (IH}

4 GROYTH OF BENTHOS

80 GBEN (IH)=COKB/ (BENTH (IH)+ 1, E~10) -BBEN+. 1
e1 BENAL (IH) =BENAL (IH)-COXB*BIXNAL(IH) /BFOOD!(IH}
82 DEPOL (XIH) =DEPOL (IH)-CONEB*PUSABD#DEPOL (1H) /BFOOD{IR)
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SUBROUTINE AQU (cent’d)

83 IF (BENAL{IH) _LT.1.E-6) BENAL (IH)=Y.B-6
8a IF (p EPOL (I8) ,LT. 1. E-6) DEPOL(I B} =1, E-6
C
c BENTHOS EATEN BY CHAR ANO SKALL FISH
c
es BCHAR (1B} =FISHBR*BENTH (IH) /(FISHEF+BENTH (IH) )*[|.-OL)
e6 HONGRY (1,IH) = ECHAR{IH) / FISHBR
87 ESFISH (1H) =FISSBB*BENTH (IH) /(FISHFF+BENTH(IN)) *[1.-OL)
E'8 HONGRY(2,IH) = ESPISR(IB}) / PISSBR
89 BCONF (IA) =BCHAR(IH) *CHAF(IR) +BSPISR (IH)s SFISH(I!i)
C
c CHANGE IN BENTHOS IS A FUNCTION OF:
c EATING DETRITUS
c BEING EATEN BY FISK
o BEING PATEN By BI&DS
c RESFIEATION
c IMNMIGBATION OF CCLONIZATION
o
90 BENTH (18)=CONB-BCONF (JH)-BENTE (1K) ~RBEN*BENTH(IB)
1+COLONB (IWEEK) *CEX¢BENTE (IH)-. 2*OIL*BERTH (1H)
91 IF{BENTH(IH). LT.. 0001) PREXTH(IH)=.0001
92 EXRT=EMAX*BENTH (IH) /(1. +CONB/ (BENTH (IH) ¢+,0001) /ESENS)
93 BENTH (IH) =BENTH (1H) ~RXR1T
9y BEECL=8MPOL+EXKT®*AREA (IB)*1.E6
95 IF (BENTH(IH) .1T. 1. E-6) BERTH (IA)=1,E~6
o

c END CF LOOP OVER AQUATIC RABITATS

c
96 ~ 201 CCNTINUE

c
c UPCATE CETRITOS AND PHYTOPLANKTOR |IN THE WATER COLUMN
¢ FOR RESUSFEZNSION
c

57 DEIR=CEZTR+DATPH,/TVCLY

98 PEYTO=PRYTO+BATPH/TVOLW
c
¢ OPCATE NI TROGEN FOR 7USE BEY BENTHIC ALGAE
c

99 CKIT=CNIT-BNUSE/TVOLRW

10LS IF(CNIT.LEP. 1.E-6)CNIT= 1.B-6
c
c Z4IGEATION OF PHYTOPLAKETCN ZOOPLANKTON ANO NWITROGEW
c

101 PCOT=PHCUT (| PEEK)

1C2 ZCUT=200CK (IWEEK)

103 CCUT=CCNIT

10U BETURN

1cs END

SUBROUTINE GEO
! SUEBOUTINE GEO
c
c

COMMON ASC{13),PISHE (13), IHAB (6),CALDAY(3) ,GRANPC

COMMON ZOCPL, BEXTH {14}, ALGIC (14) ,PHYTO,BENALG (14}, H{14)
CO4MON ZCOIN(2), PHYIN(2),AICE (14) ,DEPOL{14), DETIN(14)
COXMON NSTP,DELTP,GPHN,CNIT,CNIF, GRATE,SINKR,VEG [ 13}

CC¥% MoN FHGOT (10) ,R200,RPHYT,REEN,OCNIT, FISHL (14)

COMMON ZOOCN( 10), PISHBE, ANAD (10,5 ), CHAR(14), FLAP v {14} ,02X
CCEHMON BENIN( 14) ,0EXIN,FIFR, BENCR,BIRDS(6), PRES(6, 10),200%
CCYYON AREA (14),TVOLW,DETAL, TAREA,OIL,BENTE (13),V2GE (13)
COMMOK YMIG(6) ,BREED(6) ,X%1G(E,10),SHORE, IDAY,DICE (14) ,DADD (14)
CCMMON CURE,WAYE,GSHEFF (14) ,ZMAX, ESENS, PONWAT,IYEAR, IWZEK
COMMON GYOL(14), GLOST (14),G0 (14), GI {14),GORG (14} ,GINOR (14)
CCMMON NAREAS,J, I,GTHBTA,GSPEED, GSLUMP,GSLUSL(3) ,GSLUMA (3)
CC®H40N GA,GR,GC(4) ,GD{4),GERCD,GPORG (13) ,GWTORG,GWTIN,GARERA
.COMMON GYOLPS,GWEROD,GSUMDI ,GCW,GIN¥,TORG,TING, Q

COX¥ON GINIK,GINEX (12),GWIDSL (13] ,GHTINO,IGYOVE,GDISTC
ccx¥o¥ |U IHTH [10 10, QUTFLO (12) ,EXPSHO{12), PROSHO (12}
COMBON C1,C11,C¢2,022,903,033,¢4,044, ¢5,955,P00T,200T,COOT
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SUBROUTINE GEO (cent’d)

CO%40N CVK,SR (2) ,CV(2), SUSP,DEPDS,SR ATE,DRATE,CINFW,SLOSS
CCRrMON CNHAP, D®TR,DETCUT (15) ,DINPW, DETRC, SPHYT,SGAIN
CGM8ON COLONB(10) ,GCNRAT,SINKMX,CHAFS,CVEL, DEXTER({12)
COMMON DETWKR,PREMIN,BREM,EXF4X ,EXPH,XICE(13, 10}, TORB(13)
coNmoN XSTP,GPORGF,oCH [15) ,¥SURV,SPISH(14) , SFISH (10, 1U)
CCHHON GRHAP, FISSBR,0K,QS,3TORG,GTING,GHIGH (13} ,GTIN,GTOR
COMMON EENAL (14) ,FISHEF,BAPH,ENUSE, BATPH, DATPH,GBUG1
COMNDN ECORP(14) ,GBUG2,BFOOD {14), ECEAR (14) ,BSPISH({14)
CGMMON PUSABD,PNUP,REMIN,GBEN (14] ,PHUDGE,DUMMY,CVELI (12)
COXMOK HUNGRY {2, 14) ,A,B, BTIMES,BATEN ,CURENT (12) ,¥AVEE(12)

GEOMORPHOLOGICAL CALCULATI OA'S
SHORE EBOSIICN

LOOP OVER ABEAS

GVOLES |S IN S0 KETERS

OO0 oooo

2 DO 310 J=1, NAREAS

o

IF THERE IS ICE THERE IS NO ERCSI ON

o

3 IF (DICE({J} .6T.0.01) GO TO 319

o

c DO ERCSION FOR SHORELINES ONLY

4 IF (J. NE.6.AND.J.ME.7,A¥D.J. NE. 12.ARD.J.NE. 13) GO TO 310
5 GVOLPS = GRIDSL({J). GHIGH(J)

4 CALC. # SIDMPS/10 DAY PER QD
6 GSLUMP = SLP {WAVE,GSLUSL,GSLUNMA,3)
¢ ToTAL VOLUME OF SLUMPED MATERIAL ON EXPCSED SHORE IN CUBIC METERS
7 GYOL (J) = (| Q00 *AA?EA (J) *GSLI JHP*GVOLPS) + GVOL (J)
¢ CALC. ABT. LCST DUE TO RAVES
8 GEROD=GYOL (J] * (GA*EXP {GE*WAVE) ) *SLP(CURE,GC,GD,4)
c EROSICK DUE TO CUFBENTS
9 GVCL (J) = GYOL(J) - GEBCD

¢ GLCST(J) IS IN CUBIC NETERS

10 GLCST {J}=GEROD
11 316 CCRTINUE
C
c CALCULATE AKOODNT OF ORGANIC ANO | NORGANIC MATERIAL ERODED
c TO FCT INTO ADJACENT AR EAS.
c CALC. CU M. MATEEIAL TIBES WEIGHT IN G CC TIMES 1 HLLION ccsco. A,
c TIMES .72Y¥ OB3ANIC CARBOW
C
12 GO{J) = GLOST (J) * GFOBG(J)*GWTORG *1. E6
13 GI {J) = GLOST(J) * (1. -G POBG {J)) * GWTINO *1. B
1 ¢ 310 CCKTINDE
c CALC. EROSION FROM WATERSHED INTO POND
c CALC. AFT. ORGANIC C AND INORG MATTER DEPOSITED INTD LAGOON
c FROM WATERSHED
C 63T GRAYS CARBON DUMPED |NTO WATERSHED
C TH'S IS WATER FLOE IN CU. M/DAY TIEES 1000 LITERS/CO M TIMES 50 MG/L
8 TIEPS 2.7% CAEBOR
15 GCR=0.
16 GIKR=0.
17 IF {INEER.EQ.2)GCW=6TOR/10.
18 IF (INEEK.EC.2}GINWN=GTIN/10.
19 GCH=GCW*GBOG1
20 GINW=GIMN*GBUG1
Cc
c POT ERCDED MATERIAL |NTO ADJACENT LAGOON, MATERIAL I¥ GRAMS C
c OR IN ¥/CAT/CU. 9. OF LAGOON WATER
c DINFY = GRAMS C/DAX/CU. H WATER
Cc
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SUBROUTINE GEO (cent’d)

21 DINFV = (GO(7) + GO(6)+GO [12) #60(13) ] *G BUG2 + GCH
22 GTCRG=GTCRG ¢DIKF¥
23 DINFU=DINF W/TAREA
C
‘c  TINO = GRAES INORGARIC MATTER/DAY/CD. N. WATER
C
24 TINO =(GI(6) + GI(7)+GI {12) +GI (13} +GINW)
25 GTING=GTING+TINO
26 TINO=TINO/IVOLW + G NN
2-A @ TO 371
z8 319 CCNTINUE
29 Do 370 JJ=1,HAREAS
30 DINFY = 0.0
31 TINO = 0.0
2 GSLUNP = 0.0
33 370 CCNIINOE
Iy 371 CCRTINUE
35 BRETURE
36 END
SUBROUTINE PHYS
1 SO E! BOUTINE PHYS
C
C THIS IS THE PHYSICAL FACTORS INITIALIZATION SUBROUTINE. | T MAKES
¢ CALCULATIONS BASED 0% INPUT rpox THE PHYSICAL OCEZANOGRAPHY SODEL,
C
C
C

COMMON ASC(13),FISHZ (13) ,IHAB(6),CALDAY (3) ,GRANPC

CccmMON ZOOPL, BENTH(1 O, ALG C( 1t4), FHYTO,BENALG(14) ,H (18)
COMMGON ZCOIN(2), PHYIN(2), ALICE (14) ,DEPOL (14) ,DETIN{ 1)
COMXOR NSTP,DELTP,GPUN,CNIT, CNIN,GRATE,SINKR,VEG (13)
COEMON FRCUT{10), R 200, RP HYT, KRB =N, OCNIT, FISH L {14)

ccumoN ZOOCN (10) ,E’1s3BR, ANAD(10,5),CRAR {1u4) ,PLAEV(14) ,0EX
COMNON BE NIN (14) ,OEXIN, FIFR, BE NC R, BIRD S(6), PRES(6,10), ZOCE
COYSO0R AREA (14),7VOLNW,DETAL, TAREA,OIL,BENTE (13),VEGE [13)
CCEMOW YMIG{6),BRFED(6),X4IG [6, 10), SHORE, IOLY,DICE (I 0O), DADD (14)
CCMMON CTRE,WAVE,GSHEFF (14) ,EMAX, ESENS,PONWAT, ITEAR, IWEEK
CCR4ON GVCL(18),GLOST (14),G0 (14},GI (14} ,GORG {14} ,GINOR [14)
CCHMON NAREIAS,J, I,GTHETA,GSPEED, GSLUYP,GSLUSL (3) ,GSLUNA (3)
COM%ON GA,GB, GC{U),GD(4),GEROD, GPORG (13), G¥TORG,GWTIN,GABEA
CCHMMON GYOLPS,GWEROD,GSUMDI ,GCW,GINW,TORG, TINO,Q

COMMON GIVIK,GINEX (12),6w1DSL (13) ,GWTIWD,IGMOVE, GDISTC
CGMMON lu, lwr3(10,10 ,OUTFLO (12) ,EXPSHO(12), PROSHO (12)
CONNON €1,Q11,02, €22,0Q3,¢33,04, Qu4, 05, 055,PO0T, Z200T,COUT
CCHYON CVR,SR (2) ,CV(2),5USP, DEPOS,SR ATE, CRATE,CINFW,SLOSS
CCMMON CNHAF, EETR,DETCUT(15) ,DINF¥, DFTRC, SPHYT, SGAIN
CCMNON CCLCFKB (10),GCNBAT,SINXMX,CHAFS,CVFL, DEXTER(12)
CCMMOK DETWN, PREYIN, BREM,EXFNY,EXF4 ,XICE(13, 10) ,TURS (13)
coaMON ISTP,GPORGF,NCN (15) ,¥SURV, SFISH(IQ, S?ISH (10 14
CCHM®O¥ GRHAF, FISSBR, Q0R, 0S,GTORG,GTING, GHIGH{13) ,GTIN,GTOR
CCMMOR BENAL(14) ,FISHEP, BAFH,ERUSE, BATPH, DATPH,GBUGY
CCHMMON BCCNF(14) ,6B0u2, SPOOD(14), PCHAR (14) ,ESFISH(14)
CCMMOR FUSABD, PN¥M §, RENIN, GB EN{14) ,? HUDGE, DUNN P, CVELI (12)
CComMON HUNGRY (2, 14), A,B, BTIXES, EATEN,CURENT (12) ,¥AVEE(12)
c

C
c WINC PATTERN | NDEX
c

2 I¥=IWTH (INEERK, IDAY)
(o3
¢ CALCULATE AREA OF ‘|HE LAGOON,
C

3 ALAG=1. E6% (ABEA (2) +AREA (3) +AREA (U] +AR®A (5))
C
C  FREZSHWATER RUNOFP (CO.M./DAY)
C

8 IF(INEER.GT.1)G0 TO 115

5 1Dp=0

6 XD=30.
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SUBROUTINE PHYS (cent’cl)

7 0=1.E5
a & TO 118
9 115 IC=ID+1
1 C% XD=XD+1,
C CALCULATE THE KUPABUK RIVER PLOV, A FORCTION OF THE TINE OF YEAR
C
11 IF (XD.LE. 100,) QK=Q1%EXP (011#%XD)
12 IF (XD.G1.100.) gr=02%EXP (022*xD)
C
¢ CALC SAGAVANIRKTOK EIVER INPUT TO LAGOON (ONLY IP EAST ®IED)
C
13 Q&£=0.
1 IF (I¥.G1.4)GOo TO 117
15 IF{XD.LT.99.)05=03%EXP {Q33*XD)
16 IF(XD.GE.99. AND.XD.LT. 108.) 0S=CH+Quu*XD
17 | F(xD.GE. 108.) QS=QS*EXP {Q55%XD)
18 ¢S=.015%QS
19 117 CCNTIRUE
C
c CALC TOTAL FRESHWATER INPOT
C
20 0=0S+CK
21 118 €C XTI SOUE
C
c LAGCCF WATER EXCHANGE FRATE {/DAY)
c OUTELO IS A PRGDOCT OF THE PHYSI CAL OCEANOGRAPHY MODEL. |T IS THE VOLUNE
¢ OF WATER FASSING THROUGH THE LAGOON PER DAY. PHUDGE |S A PARAMETER FOR
c TESTING THE SENSITIVITY OF THE M0ODEL TO CHANGES | N EXCHANGE RATE.
C
C
22 OEX¥= (OUTFLO(IVW) +C) /IVOLE
23 OFX=CEX*PHUDGE
C
c EXPCSED AND PROTECTED SHORELINES (KH)
c THE EXPOSED AND PROTECTED SHORELINES CHANGE WTH WND DI RECTI ON
C
24 AREA (6} =EXPSHO(IW)
25 AREA {7)=PECSHO (IW)
Cc
c WAVE PERIOD (SEC.} AND LCNGSHORE VELOCITY (CH/SEC) (PRODUCTS OF THE
c PHYS| CAL  OCEANOGRAPHY  MODEL) .
C
26 WAVE=WAVEE (1W)
27 CURE=CORENT (IW)
28 CYEL=CVELI {IW)
C
c ICE TBICKNESS (M)
C
29 DO 110 1a=1_13
30 110 DICE(IA)=XICE(IA,INEEK)
31 IF(IVEER.GI. 1)6C TO 101
32 |F (ICAY.EQ. 1) XTINO=0.
33 XTINO=XTINO+TIND
34 SDSP=0.
35 DEPCS=0.
36 OEX=0.
37 WAVE=0.
38 CURE=0.
39 CVEL=0.
40 QO TO 106
41 101 CCETINUE
C
c DEPOSITION AND RESUSPENSION OF SILT
C
42 IF (I1D.G1. 1) XTINO=TINO
43 SRATE=SLP(CVEL,CV,SR, 2)
uy DRATE=1./(CVK*CVEL*1.)
45 SGAIN=XTINO®TVOLW
46 DO 105 Ia=1,10
47 TSUSP=SUSP*TIVOL¥
48 TCEPOS=DEPOS*ALAG
49 SLOSS=TSUSP* CEX
50 RSUSP=SGAI N-SLOSS+ (SRATE*TDEPOS) ~ (DRATE#TSUSP)
51 AACEP=CRATE* TSCSP ~SBATE*TDEPOS
52 TSUSP=TSUSP+BSUSP*. 1
53 TDEPOS=TDEFOS+RDEP#*. 1
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SUBROUTINE GEO (cent’d)

54 |F {(T5D5P. 1B, 0.) ISUSP=. 1
55 1F(IDEPCS.LE.Q. ) TDEPOS=, 1
56 SUSP=TSLSP/TVOLW

57 DEPOS=TDIEPCS/ALAG

58 105 CCHTINDE

59 106 CCNTINOE

60 RETUERR

61 END

DATA INPUT FILE

S PRES(1,ALL)=0. 34. 497. 959. 25980. 51400, 46000, 41760.21935. 106600, -~OLDSQUAW AT 10-DAY T
S A=u0.

S B=.03

S BTIMES=120. --FRACTIOR OF TOTAL DAILY INTAKE EEPRESENTED BY PUNCTIONAL RESPONSE DATA

SET PEES(2,ALL) = u*Q 280. 6800. 1467. 567. 526. 0 - PHALAROPES

SET PRES (3,ALL) = 31 28 90 153 140 127 399 1000 125 3100 O ~-- GULLS

SEBT CALLCAY (ALL) = 430. 55. 560.

MACRO B1978

S PRES(1, AL 1)=0. 22. 1200. 2482. 29500. 13340. 12372. 16683. 10153. 33500. =~ DLDSQUAW

SET PRES{2,ALL) = 4%0. 140. 3400. 730. 285. 265. 0. < PHALABOPES

S2T GBHAXPC = 8.

seT ASC (ALL) = 5%1.E6 2*1000. 1.E6 1000. 1.E6 1.E6 1000. 1000.
SET IBAB({ALL} = .9 1 128 121

SET AR EA {ALL) = 38. 157. 56. 12. 1. 35. &7. 20. 30. 100. 8.5 4,2 10.1
SET B ENTH (AL L) =

s BENTH(2)=.2

ZOOIN (ALL) = 0. .005

PHYIN{ALL) =

AI CE{AL L) =
BE NIN (ALL) = 1 .1 0.
DETIN(ALL) = 0. .1 .1 .1 .1 0.
DEEFOL {ALL)} = 0
CRIN = .05

XsSTP=3

DEL1P=,33

GPHN=.15

GBA1E=.4

SIRKR=.07

RPHYT=.2

PHOUT (ALL)=.05

OCNIT = .05

BZ00 = .1

FLARY(ALL) = Q .02 .05 .1 .05 .02 .01 O

RBEN=.Q15

FIFF=1.8

Z00CH (ALLy=0. .005 .01 .02 .04 .05 .04 .02 .01 .005

BENCR = ,0u5

PISH2R=2.82

P1SSER=.09

F158 2EF=. 022

ANAD (ALL,ALL) =0,

ANAT({ALL,2) =0. .00001 .00003 .00003 .00003 .00003 .00003 .00003 .00001
ANAD(ALL,3)=0. .00075 .00075 .0025 .0025 .0015 .0012 .001 .00075
ANAD(ALL,4)=0. .0015 .0015 .005 .005 .003 .0025 .002 .0015

ANAL (ALL,S)=0. .00001 .00003 .00003 .00003 .00003 .00003 .00003 .G0001
SFISHI {ALL,ALL)=0.

SFISHI(ALL,2) =C. .0001 .0001 .0001 .0001 .0001 .0003

SEISHI{ALL,3)=C. .002 .002 .002 .002 .002 .0064

SFISHI(ALL,4)=C. .004 .004 .004% .004 .004 .0128

SFISRI(ALL,5)=C. .0001 .0001 .0001 .0001 .0001 .0003

OEXIN=.01

BENTE (ALL} = O

VEG (ALL) = 5

3
(0}

DOV OO DD ODDOODUDOULUNDG VODUNULDUDNY O n

SET XMIG(1,ALL) = 200. 50. 7*0 900. =-- OLDSQOUAW H GRANTS
SET zmIG(2,aLL) = 10. 10. 6*o. 80. 120. - EIDER #xIGS
SET 2IMIG (6,ALL) = .1 10. 7*Q 1.6 -- TERN XIG
SET xs%1 G(5, aLlL) = 50. 8*O 16. -- LOONS
0. 1600. 6*O 1000. 1000.

SET XMIG(4,ALL) = &40
SET %31 G (3, ALL) = 3.2 6.0 12.8 40. 0.
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SET SHORE = 5 -- KM OF SHORELINE E/W DI STANCE

SET ENAX = .15

SET PBCN®WAT = .9

S H(ALL)=0 2.5 0.5 0.5 0.5 0 0 1.0 0 0 0 0O 3.
01 = 1.53EB6 -- CU,.M./DAY PR ROUNOFF PARAN
Q11 = 0.02 -- FW RUNOFP PARAE
Q2 = 1.56E9 -- CU.N./DAY FR RUNOFF PARAM
0Z22°-0,05 ‘ FW RONOFF pamax
Q3 = 2.5E7
@3 = ‘0.02
Q4% = -2.3E8
Q44 = 2.3BE6
Q6 = 3.49E5
%5 = -0.05
IWTH(1,ALL)
ISTH(2,ALL)
IRTE({3,ALL)
IWTH(4,3LL)
IWTR({5,ALL)
IWTH{6,ALL)

S
s
s
S
s
S
S
S
s
S
s 1 -- WEATHER INDEX (IWEEK,IDAY)
s 10 963 112 3 4 4

s 344 4 4 23 9“1 2

s 10 11 2 234 3 12 2

s 3292 22 1 2 u 4

s 44431111 35

S I¥TH(7,ALL) 2111 1 1
S IWTR{8,ALL} 1 102 5 2
s IWTH{9,ALL) 24 4 336
S IRTH(ID,ALL) = 3 8 27 2 57 2 2 2

S XICE{ALL,ALL) = O — ICE TH CKNESS (AREA,IWEEK) B.

S XICE(ALL,1) = 1.

S DALL(ALL) =D

S CVK = .07 --PABAN FOR SILT SIRKING EATE

S SER (ALL) = O 0.8 -- PARAM FOB SILT BRESUSPENSION RATE

S cv(aLL) = 15. 100.

S SUSP = 0. -- GM./CU.M. SUSPENDED SILT

S DBEOS = O -- GMa. TCTAL DEPCSITED SILT

S QUT PLO(1. ..4] = 0.33E8 1.3E8 3.EB 5.2E8 -- ENE PLOW THRO LAGOON (CY,M./DAY), |NDEXED BY IW
S 00 TPLO{S. ..8) = . 14E8 . 55E8 1.E8 2.2E8 -- WS¥ WIND 2.5,5.,10.,20. M/SEC

S OUTPLO (9. . . 12) = 0.14E8 .SS50E8 1.¥78 2.2E8 -- NW WIND

s EXPSHO(1. ..4) = 41. -- ERE FIND EXPCSED SHORE (KM}, |NDEXED BY 1IW

S BXPSHO{5. ..8) .= H48. -- WSW WIND

S EXPSHO(9... 12) = 21. —- B WND

s PEOSHO (... 4) = 86. ‘- EN?? RIND PROTECTED SHORE (KN) , IND BY I¥"

s

S

s

s

s

S

s

S

s

s

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

3

S

S

S

S

S

S

6
5
7

PROSHO (5...8) = 79. -- H¥SW WIND

PFOSHO (9...12) = 106. -- N& RIND

CUR ENT (7. .,4) = 5. 10. 50. 100. ‘ ENE WND LONGSHORE CURENT (CH/SEC)
CU RENT (=,.. 5. 10. 50. 100. -- ¥S R wnp

COUERENT (9... 5. 10. 50. 100. -- N¥ WND

12
fA VEE{1. .. 4) U 7. -- ENE W ND WAVE PERI CD [SEQ)
2

T

2.
WAVEE(S5. ..8) 2. 4. 7. -- WSW HND
WAVEE (9...12] = 1. 2. 4. 7. -- NH WND
CVELI(1... 5. 10. 50. 100. -'ENE WIRD - AVG CGRRENT IN LAGOON (CH/5EC})
CVELL (5...&% 5. 10. 50. 100. -- WSW RIND
CVELI (9...12) = 5. 10. 50. 100. -- N¥ WIND
TORE (ALL) =0
DE XTER (Y. ..4) = .1 -- GRAMS C/CU il./DAY INTO LAGOON FRO% BOUNDARY A
DEXTER{5... 12} = .1 .2 .4 .6 .8 =~-SAXE BUT FOR ¥-Sw¥ AND ¥ WNDS
OCJA(1...10 = o. .07 .05 - G NCO K AT BoUNDARY By wEEK
GINEX(1l...4) = .0 .8 1.2 1.6 ‘G INORGANIC MATTER/DAY/CU.M.¥WATER |INTO LAGOON AS P (¥EATHER TYE
GINEX(S.. .12) = 2. 4. 8. 12. .B 1.6 2.4 3.2 - G INORGANIC MATZRIAL PER DAY /CU FK. WATER INTJ
GSLUNE=0.0 -- INTIAL DUMMY CCKDITION
GEDGI=1.
GB0OG2=1.
PHULGE=1,
GHIGH (ALL) = 0. -- HEIGHT OF AVERAGE SHORELINE SLUMP IN METERS
GHIGH(6)=1.5
GHIGH (7)=2.5
GHIGH(12)=1.5
GBIGA(13)=2.5
GWIDSL (ALL) = O -- # KMS |INTO SHORE LOST PER SLOMP
GWILCSL (6)=1.3
GRICSL({7)=1.1
GWIDSL (12)=1.3
GWI DSL(13)=1.4
GSLUNA (ALL) =.003 .006 . 015
GSLD SL(ALL)=0. . 5. 7.
GSEEPF (ALL) = 1.0
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GA = 01 “BIRIMUN PBOP DISPERSION DUE TO WAVE

GE = 058 - E PARAE. IR ABOVE Y=A*EXP (BX)

GC(ALL)=0. 3. 15.

GL(ALL) =.01 .1 1. 1. -- RELATION OF DISPERSION TO CURRENT
GVOL (ALL) = 0.0

6Y0L (6)=3400

GVOL(7)=6U60

GVCL{12)=400

GVOL (13)=1760

GIORG=0.

GIING=0.

GPO BG (ALL) = O ‘ EROPORTION OF SLUMPED HXATERIAL WHICH IS ORGANIC MATERIAL
S GPO BG (6)=.3

OOV nNnnn®nnn
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SUMMARY

This report synthesizes and interprets, from reports of Barrier
Island-Lagoon Program participants and from the general literature, data
about selected oceanographic and geologic processes in coastal regions.
Processes discussed are water circulation and exchange; detritus sources,
transport mechanisms and sinks; and the origin and evolution of coastal
landforms. The purpose of this synthesis is to provide information that
promotes a realistic assessment of the ecological consequences of man’s
alteration of these processes in the Beaufort Sea.

Circulation regimes change seasonally in the Beaufort Sea. During
winter, circulation is greatly restricted because of the ice cover, and
exchange rates between lagoons and adjacent environments may be a small
fraction of what they are in summer. Spring thaw and break-up (late
May-early July) freshen nearshore waters and clear them of ice. Water
exchange rates increase greatly in the open-water season that follows be-
cause there is no ice cover to hinder the effects of wind in driving the
circulation.

In summer, lagoon waters are freely exchanged with adjacent near-
shore waters, but mix relatively less with offshore waters. Lagoon-off-
shore exchange where rivers discharge is characterized by a net seaward
movement of surface waters and landward movement of bottom waters, as is
found in most estuarine situations. Circumstantial evidence suggests
that coastal upwelling, which is not dependent on stream discharge, may
also augment lagoon-marine exchange. Barrier islands retard rates of
lagoon/marine exchange. Barrier islands, submerged bars, inlets, and
other topographic features are both molded by and influence water move-
ment, and some (e.g., inlets) develop characteristic locations and fea-
tures in response to the existing coastal circulation patterns.

Currents near the bottom in coastal areas may be more important than
currents at other levels from an ecological standpoint, because many of
the biologically important materials and organisms (detritus, epibenthos)
are concentrated on or near the bottom. Water movement near the bottom
is characteristically retarded by the friction imposed by the substrate.

In shallow coastal areas, effects of this friction are overcome most
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effectively by oscillatory, wave-generated motion in the water-column.
This turbulence tends to resuspend benthic materials, which then are
easily transported by unidirectional currents.

Two major documented sources of detritus to the nearshore Beaufort
Sea are terrestrial--delivered by streams and eroded from coastlines--and
these two sources are believed to provide similar volumes of organic
detritus. Almost nothing is known about the amount of detritus that
comes from offshore waters, but this source may be as important ecologi-
cally as terrestrial sources. What is generally known about sediments
and detritus transport in coastal regions suggests that the nearshore
region of the Beaufort Sea may serve as a trap for detritus from all
three sources. Processes acting to cause the nearshore area to selec-
tively accumulate detritus are the slowing of currents as detritus-laden
streams enter the lagoons, the probable presence of landward-flowing
currents near the bottom, and the effects of barrier islands in blocking
seaward transport of detritus.

Most barrier islands of the world are thought to have been formed
during the currently-existing post-glacial rise in the sea level by one
or more of three mechanisms (1) sand thrown up by waves from the contin-
ental shelf, (2) elongation of sand spits by longshore transport, and
their subsequent separation from the mainland, and (3) submergence of
low-lying areas behind coastal ridges. Most Beaufort Sea barriers appear
to have originated primarily through the third process (coastal submer-
gence), but to have been extensively modified by ice and wave action and
by longshore transport of mainland- and island-derived sand.

The expected persistence of topographic features on the Beaufort
coast in their present form is short by geological time standards.
Islands and shorelines may change shape considerably and migrate up to
several meters annually. The tundra cover of most existing islands will
probably persist for a few centuries at most. The barrier island-lagoon
systems that exist, although expected to last more than several centu-
ries, may naturally disappear within tens of centuries and be replaced
by others as the sea advances onto the land.
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INTRODUCT ION

It is well known that oceanographic and geomorphic processes regu-
late ecological processes in coastal areas in important ways. They
should be investigated to understand how man’s activities might affect
the biota. However, all the ways in which physical processes influence
the population processes of animals and plants are too numerous to study
in a project of this sort. Fortunately for scientists trying to
analyze impacts, each species of organism is affected significantly by
only a few of the many processes occurring in an area, and not all of
these will be affected by development. And, since this study emphasizes
only a few species of organisms, the array of processes with which we
must be concerned is very limited compared to the number that exists.
Our purpose in this synthesis is to investigate physical processes that
(1) strongly influence populations of selected key species of animals
in the coastal environment, and (2) are affected by oil and gas explora-

tion and development activities on the continental shelf.

Perspective and Data Sources

This section of the report synthesizes and interprets data from new
oceanographic and geologic research conducted under the auspices of the
Barrier Island-Lagoon Program, as well as from other studies conducted
in the Beaufort Sea and elsewhere. The new research, conducted by the
oceanographers and geologists participating in the Barrier Island-Lagoon
Program, was essential for this synthesis. But additionally, because
the funds and time available to these scientists were limited, informa-
tion from other sources was used extensively. Most of this new research
is published by NOAA/OCSEAP, and will be referenced by conventional
citation. The Principal Investigators who conducted the research are

acknowledged at the first of this report.

Objectives and Rationale

Three general objectives for physical process studies were estab-
lished during the early planning stages of the program. These were
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1. to characterize vertical and horizontal circulation
patterns and water mass exchange characteristics in
and near the barrier island-lagoon systenm,

2. to determine the sources and sinks of detritus and
describe its transport mechanisms in the nearshore
region, and

3. to determine the origins and evolutionary charac-
teristics of the geomorphic features (barrier
islands, lagoon basins, etc.) of the coastal region.
Some of these objectives were addressed by more than one of the Principal
Investigators, In such cases, each investigator used a different re-

search approach but coordinated his effort with his co-investigators.

Objective 1--To Characterize Water Circulation and Exchange

Circulation and exchange of water are ecologically important in
coastal systems as a transport mechanism for detritus, dissolved nutri-
ents, and many invertebrates. The ways in which these materials and
organisms are suspended, carried, and deposited are governed by water
circulation which, in turn, is a function of wind speed and direction,
water depth and bottom topography. Likewise, coastal circulation and
exchange patterns significantly influence the chemical and physical en-
vironments; during the open-water season relatively low salinities and
high temperatures are maintained in the coastal waters, relative to those
in the open ocean. This phenomenon appears to provide a favorable en-
vironment for certain invertebrates and fish.

Development may be accompanied by extensive alterations of nearshore
topography through construction of solid-fill causeways and shipping
channels, removal and/or connection of existing barrier islands, and in
other ways that will affect circulation. Information about currents,
water exchange characteristics (and associated patterns of material
transport and temperature/salinity regimes), and how these are influenced
by topography, is required for assessment of the short- and long-term

effects of such activities.
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Objective 2--To Document Detritus Sources and Sinks and
Describe Detrital Transport Mechanisms

Organic detritus is an important energy source in the nearshore
environment. It is replenished periodically from both terrestrial and
marine sources. It is also moved about in nearshore lagoons and bays
from time to time, and is transported to and from nearshore systems.
Because fish and birds habitually congregate in the nearshore waters
(as opposed to the adjacent marine system) to feed, it is important that
the supply and maintenance of the detrital food base in these areas be
continued.

Certain kinds of development structures may interfere with detritus
transport to nearshore bays and lagoons. It becomes important, there-
fore, to document which detritus sources are critical, and to isolate
which features of existing nearshore topography, circulation and water
exchange are important factors in detritus accumulation. With such in-
formation, it would be possible to identify the kinds of development
activities that would intercept vital sources of detritus or alter near-

shore topography to adversely affect detritus accumulation.

Objective 3--To Determine the Origins and Evolution of Nearshore
Landforms

A basic hypothesis being tested by this study is that lagoons and
other nearshore areas provide important habitats for selected species
and that these habitats are not replicated in adjacent marine waters.
Evidence collected to date supports this hypothesis, and indicates that
the difference between lagoon and marine ecosystems is influenced by the
topographic configurations of the nearshore region. Maintenance of
barrier islands and lagoon basins as topographic entities thus may be
important as an environmental protection measure.

In order to determine the long-term impacts of development activi-
ties (such as removal of island material, stabilization of islands, and
construction of shipping channels and causeways) to the integrity of the
lagoon-barrier island system, the capabilities of the system to “mend”

or regenerate itself must be known. Definition of the factors involved
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in the origin and maintenance of the barrier islands, lagoons, and other
nearshore features has important implications with respect to the regen-
erative capability of these features. In other words, if historical
evidence indicates that the magnitude of natural changes over short time
periods exceeds and would obscure the changes to be caused by develop-
ment, then it is likely that the system can absorb the impacts of man’s
activities with only short-term consequences to the ecosystem.

STUDY AREA AND THE REGIONAL ENVIRONMENT

The field research of the Barrier Island-Lagoon Program has focused
on a relatively short section of the Beaufort Sea coast, Simpson Lagoon
and vicinity (Fig. 1). The nearshore waters are shallow, and irregular,

- discontinuous chains of barrier islands skirt about 50% of the coastline.
The island chains, which are generally parallel to the mainland, consist
of islands that are characteristically low (1-1.5 m above sea level) and
narrow (0.1-2.0 km wide); the islands range in Tength from a few hundred
meters to 15 km. Offshore bars exist on the seaward sides of the barrier
islands and along some stretches of exposed mainland coasts. The bottoms
of unprotected nearshore areas are roughened by the gouging action of
ice floes and icebergs.

Freezing of coastal waters begins in late September or October. Ice
forms on lagoons first because they are more sheltered and brackish, and
cool faster than the nearby ocean. During late fall and early winter,
surface ice is still relatively thin and may be moved about considerably
by wind; consequently, large areas of open water may periodically appear
during this time. Ice thickens by about 1 cm per day throughout winter
so that by April it is about 2 m thick. The ice begins to melt in May,
and its rate of melt is soon accelerated near river deltas by river
discharge.

In late May or early June waters from melting streams reach the
coast; these streams carry large amounts of silt and detritus which they
discharge into the nearshore environment. Sixty to 80 percent of the
annual discharge of most streams occurs within several weeks after flood-

ing begins, during which time nearshore waters are still ice-covered.

61



29

ainland

N

Harrison

Island

Oliktok
Point

Pingok Is.

L e
Beaufort 27

Sea B
64x
81k
1044

Iz-n

Leavitt
lsiand

2
Camp 1977

S1

P1. Barrow BEAUFQRT SEA

8 STUDY AREA

%

L ALASKA

t:\ ﬁfﬁiiE;ﬂ.;

BEAUFORT

SEA

- Bertoncini
o m

Kiiometres

Figure 1.

Simpson Lagoon study area on the Beaufort Sea coast of Alaska.



The water that reaches the coast first is discharged over the sea ice;
most of this water eventually drains through cracks and holes to the
water beneath. Within a few days, however, much of the ice adjacent to
stream mouths has melted, allowing the river water to flow directly into
coastal waters and thence under the ice. Discharges rapidly decrease
during the course of the summer and are minimal by freeze-up.

During the open-water period the nearshore currents of the region
are extremely variable and wind-dependent; astronomical tides are of
secondary importance in affecting currents. Complex current patterns
occur in nearshore circulation; these patterns are related to bottom
topography, coastal configuration and presence of islands. Current
speeds decrease as the winter ice cover forms and thickens.

During severe summer storms, high waters (storm surges) can inundate
considerable portions of both the barrier islands and the nearshore main-
land. The barrier islands limit the wind and wave action in the lagoon
system, but the effects of wind and waves in exposed coastal waters are
limited only by distant points of land, by the distance to the edge of
the ice pack, or by concentrations of ice floes.

Because of wave, tidal and ice action and a gradual historical rise
in sea level relative to the mainland, the mainland coastline retreats
on an average of 1-2 m annually, and the island margins are also eroded
away and reworked. This erosion is episodic in nature; most occurs
during intense storms. At such times large amounts of organic material
(tundra mat and underlying peat) and inorganic sediments are transported
from mainland and island shores to lagoon and marine environments.

Most inorganic sediment particles in the lagoons and other near-
shore basins are the size of sand or silt; gravels occur sparingly.
Sediments are poorly sorted because sediment resuspension and transport
by currents and wave action is extremely variable. Sediments are contin-
ually being introduced to nearshore areas via river floodwaters and
coastal erosion. Wind-generated waves and currents produce a net

westerly longshore sediment transport.
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WATER CIRCULATION AND EXCHANGE

The important. questions related to water circulation and exchange
are listed below; the ecological significance of each question is ex-
plored in the paragraphs that follow.

1. What are the nature and timing of seasonal changes

in the nearshore circulation regime?

2. What are the flushing rates of a typical coastal
lagoon system under a range of expected conditions?

3. What are the magnitude and nature of exchange between
coastal and marine waters?

4. How are circulation and water mass exchange affected
by topographic features?

5. What are the magnitudes of the currents affecting
coastal benthic environments?

Seasonal Characterization

In high-latitude environments, organisms have life histories that
are structured rigidly by seasonal environmental phenomena. Because
circulation and water mass movement strongly influence animal consumers
and their supporting food chains in the nearshore Beaufort Sea, it is
important to accurately define the seasonal nature of these processes
in order to assess the ecological implications of oceanographic pro-

cesses in general.

Winter Ice Season

Ice usually begins forming on the lagoon surfaces in late September
or early October. Sheltered lagoon waters begin to freeze earlier than
the nearshore ocean because the shallow waters cool more quickly and,
because they are brackish, freeze at a higher temperature (Wiseman and
Short 1976). From this time until the following April, ice increases in
thickness at an average rate of about 1 cm per day. During October,
November and December, the nearshore circulation beneath the ice is re-
latively unimpeded. Severe storms that occur during this period can

move the ice about freely, causing large ice-free leads to form and ice
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to move offshore or to pile up on the shore (Barnes and Reimnitz 1977;
Weller et al. 1978:60).

As the ice thickens, the effects of winds on the underlying waters
are damped, but under-ice movement otherwise remains relatively unres-
tricted until channels and passes begin to be blocked by ice. In
Simpson Lagoon this occurs when ice reaches 1.2-1.5 m in thickness
(Schell and Hall 1972). Even when unimpeded by ice blockage, the rates
of water movement and associated sediment suspension and transport under
ice are much lower than during summer (Drake 1977).

During late winter (March, April, early May) when the ice is thick-
est, sub-ice water flow is at a minimum (Schell and Hall 1972; Weller
et al. 1977:41). At this time lagoons and bays may experience little
or no flow, and currents in nearshore areas are generally less than 5 cm
per second. Circulation in the nearshore may be enhanced at this time
by thermohaline convection, a seaward-landward water exchange generated
by the production of high-salinity water in shallow areas by salt exclu-
sion during freezing (Weller et al. 1977:151; Schell 1978). Under such
conditions, the highly saline water produced gt the water-ice surface
sinks and flows seaward at the bottom, and is replaced by a landward

flow of lower salinity water near the top of the water-column.

Spring Thaw

The relatively steady state of low to zero circulation in coastal
waters from March to May is quickly and drastically altered by spring
flooding of rivers, which usually begins during the last week in May or
the first week in June. Although variable in magnitude, characteristics
of spring thaw are similar among North Slope rivers and coastal segments;
the following descriptions are from Barnes and Reimnitz (1972), Reimnitz
and Bruder (1972), Walker (1974), Wiseman and Short (1976), and Weller
et al. (1978:110).

Spring floodwaters from Alaskan arctic rivers flow over the river
delta and then onto the coastal ice if river delta channels are shallow
and frozen throughout. In rivers such as the Colville that have deep
delta channels some of the initial flow goes under the river delta ice

and the sea ice.
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As the initial discharge moves seaward, it fans out rapidly over
the nearshore ice, reaching depths of a meter or so and depositing much
silt and detritus on the ice. This flood lasts for only a few days;
much of the water finally drains through holes and cracks into lagoon
and nearshore marine waters. Also, sea ice immediately adjacent to the
deltas is soon melted, allowing the river water to flow directly into
the sub-ice water.

The floodwater injected beneath the ice advances seaward as a
freshwater wedge or lens between the ice and the more saline waters be-
neath, to the approximate extent of the over-ice discharge. (The sub-
ice lagoon and river delta waters are highly saline immediately preceding
flooding because the solutes have been excluded and concentrated under
the ice during the freezing process.) Little mixing of the fresh and
saline waters occurs immediately, although some of the material suspended
in the river water settles through to the bottom.

Typically the over-ice floodwaters quickly cover large portions of
the surfaces of the lagoons or bays at the river mouths, and a small
portion of the over-ice floodwaters extend beyond to the marine environ-
ment. The water on the ice generally flows westward; the river water
that flows under the ice presumably does likewise.

Intense flooding normally lasts less than two weeks, after which
the under-ice water in some of the lagoons and bays is almost completely
fresh except for pockets of saline water in bottom depressions. As the
surface ice melts in the following weeks, the fresh water gradually mixes
with incoming cold marine water to create the brackish water systems
that prevail along the coast throughout the summer.

During the month following initial over-ice flooding, bay and
lagoon ice typically thins in place, melting first where deposits of
silt and detritus have darkened the surface. Because of this differen-
tial melting, most of these deposits are probably dropped in place rather
than being rafted away (Reimnitz and Bruder 1972). In early June the
thin ice finally begins to break apart and move; by mid-July the ice
remnants have normally moved out with the winds and currents, leaving

the lagoons and bays open.
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Open-Water Season

The open-water season is the period during which surface ice offers
little obstruction to the action of wind on coastal waters. Although
variable in length, this period normally lasts about three months, from
early July to early October.

Nearshore currents in the open-water season are primarily wind-
driven (Wiseman et al. 1974; Callaway and Koblinsky 1976; Dygas and
Burrell 1976; Matthews 1978; Mungall 1978; and others). Winds are
predominantly from the northeast and secondarily from the west. Currents
in the nearshore move parallel to the coast and in the same general
direction as the wind.

The most intense storms come from the west, at irregular intervals,
but primarily late in the open-water season (sometimes well into the
early winter). These late-season storms are responsible for the largest
storm surges and for the majority of coastal erosion (Short et al. 1974;
Weller et al. 1978).

Freshwater input from most rivers decreases by the beginning of
the open-water season, and remains relatively low throughout the open-
water season (Barnes and Reimnitz 1972; Reimnitz and Bruder 1972; Walker
1974; and others), although the flow pattern varies somewhat among

rivers (Fig. 2).

Coastal Flushing

The flushing rate of waters in lagoon and other nearshore
environments needs to be evaluated because it is an index of the inte-
grity of the nearshore system. If water and its entrained organisms
and materials are rapidly transported through a coastal segment, then
the integrity and distinctness of that area, intermsofthewater and
itsload, are low. This is an important consideration when extrapolat-
ing information from one part of the coastal system to another and when
predicting the persistence of local anomalies in water quality. Effects
of flushing rates and characteristics on the transport of suspended
materials are especially important; the rate of supply of food-chain

materials to sites where food may have been depleted depends on the rates
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and nature of transport processes. Similarly, the rate of flushing
determines the rapidity with which coastal sites are exposed to changing
arrays of physical and chemical water conditions.

In summer, currents in shallow coastal waters generally move paral-
lel to the coast at about 3 to 4% of the speed of the wind and in the
same direction as the wind (Callaway and Koblinsky 1976; Mungall 1978).
Summer winds are usually from the northeast and average about 5 m per s.
The coastal waters will move westward under these conditions at about
15 cm/s, causing a coastal area the size of Simpson Lagoon (about 35 km
long) to flush in about five days. Under the influence of strong winds,
the same system could flush in one day (Mungall 1978). Since wind-
driven currents in such shallow waters are normally uniform throughout
the water-column except very near the bottom (Komar 1976a), such Fflushing
may be virtually complete except for bottom waters and those affected
by coastline irregularities. However, as 1| will describe later, the
ecologically important currents may be those at the bottom that are re-
sistant to flushing.

Currents under ice apparently also move parallel to the coast, but
at rates much reduced from those of summer (Schell and Hall 1972; Barnes
and Reimnitz 1977). Flushing rates for winter have not been calculated,
except that they are presumably reduced to essentially zero in lagoons
when inlets become sealed by ice (e.g., Schell and Hall 1972).

Lagoon-Offshore Water Exchange

It is implied above that rapid coastal flushing is caused mainly
by water mass exchange parallel to the coast. However, it has not been
established what proportion of the water that flushes coastal systems
comes from adjacent offshore marine areas. The following discussion
addresses the ecological importance of the difference between movement
of water along the coast and coastal-marine exchanges, and documents what
is known about water exchange between nearshore lagoon and offshore
marine areas.

Water exchange between coastal and marine environments appears to
be extremely important to animals in the coastal region; whether the
exchange is ecologically beneficial or harmful may depend largely on its
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nature and rate. First, for selected species, the nearshore water may
offer beneficial conditions (presumably related at least partly to water
quality or entrained materials) in comparison with waters in the marine
system (Truett 1980).- Therefore, for the benefit of these species,
exchange rates between nearshore and marine water needs to be low enough
to prevent excessive dilution of coastal waters by marine waters.
Second, exchanges of transported materials (invertebrates, detritus,
nutrients) between the coastal and marine environments may be vital to
the well-being of coastal biota. From this point of view, water ex-
changes need to remain sufficiently great to maintain these vita’l
transport processes. It is important, then, that the magnitudes and
mechanisms of coastal-offshore water exchange be examined, especially
since proposed development activities (construction of causeways, etc.)

may affect exchange characteristics in ecologically important ways.

Magnitudes of Exchange

Partially enclosed bays and lagoons along the Beaufort Sea coast
become progressively more isolated and different from the marine environ-
ment as the surface ice thickens in winter (Schell and Hall 1972; Weller
et al. 1978). The waters of the two environments may actually become
physically separated by ice barriers, and salinities in the lagoons and
bays may approach or exceed the physiological tolerances of some of the
animals that utilize the lagoons in summer (Griffiths and Dillinger
1980). '

The exchange rate (and the resulting integrity of the nearshore
system) during the summer appears to be a more critical issue. Biolo-
gists participating in this study (P. Craig, W. Griffiths) report that
during summer lagoon water temperatures are higher and salinities lower
than they are in the adjacent ocean. Matthews (1978) shows that the
temperatures of the coastal waters remain distinctly higher in summer
than do the temperatures of the adjacent marine system. Mungall (1978)
documented that salinities and temperatures within the lagoon, although
variable, remain generally lower and higher, respectively, than those

in offshore areas. These temperature and salinity differences have also
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been reported by Hufford (1974), Wiseman et al. (1974), Herlinveaux and
de Lange Boom (1975), Schell (1975), and others. Matthews (1978) and
Mungall (1978) thought that they could trace the coastwise movement of
water boluses. Matthews concluded that mixing between the nearshore
and marine water masses was minimal, since the temperature and salinity
differences between the two areas persisted throughout the open-water
season. Callaway and Koblinsky (1976) also implied that exchange be-
tween the nearshore and marine systems was very much less than exchange
between nearshore subsystems.

Mechanisms of Exchange

The evidence cited above indicates that coastal waters normally do
not mix with offshore marine waters to a great extent. However, Some
exchange between the two systems does occur. The mechanisms of exchange
are important to the transport of entrained materials (to be discussed
later) as well as to the maintenance of the characteristic warm, brackish
waters in nearshore areas.

Exchange processes characteristic of shallow lagoons and estuaries
in more temperate zones presumably also occur along the Beaufort coast
in summer when waters are ice-free. It should be noted that most lagoons
and bays in northern Alaska are by definition estuaries, i.e., "semi-
enclosed coastal bodies of water which have free connections with the
open sea and within which sea water is measurably diluted with fresh
water derived from land drainage” (Cameron and Pritchard 1963). The
following paragraphs discuss important aspects of estuarine-marine
exchanges.

The dominant mode of exchange between estuarine and marine environ-
ments, even in the case of partially- to well-mixed estuaries (as are
most of the Beaufort lagoons and bays), involves seaward flow of brackish
water in the surface layers and landward flow of saline water in lower
layers (Conomos and Peterson 1976; Dyer 1978; Officer 1978; Pritchard
1978; Conomos 1979; and others) (Fig. 3). In the Beaufort Sea this
phenomenon apparently occurs even under the nearshore ice during spring
runoff, as described earlier. However, during and for some time
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following the peak runoff period the interface between the overlying
freshwater wedge and the underlying salt water wedge may be seaward of
some of the very shallow lagoons, judging from under-ice salinity
measurements made in Simpson Lagoon in June 1978 (W. Griffiths, pers.
comm.). Consequently, waters of some Beaufort Sea lagoons at this time
may be almost completely fresh because of the tremendous under-ice
flushing action from major rivers. During the open-water season in the
nearshore Beaufort Sea, the mixing effect of winds obscures this two-
directional stratified flow in the shallow lagoons. However, sensors
monitored by Barnes et al. (1977a) showed that under prevailing easterly
winds in Stefansson Sound, cold saline waters entered the sound on the
bottom of passes as the warm brackish water exited at the surface.
Similarly, Schell (1975) found that pronounced stratification developed
in Simpson Lagoon during calm weather in late summer, apparently because
of the intrusion of sea water at the bottom. Herlinveaux and de Lange
Boom (1975) noted characteristic intrusions of high-salinity waters in
summer at the bottoms of southern Beaufort Sea lagoons in Canada.
Furthermore, steep salinity gradients (differences of 6% per m depth)
have been noted at relatively deep entrances to Simpson Lagoon at the
same time that the lagoon waters themselves are fairly well mixed (Weller
et al. 1978:67). Stratification caused by surface freshwater outflow is
more evident in the deeper waters outside the lagoons than within the
lagoons (Hufford 1974).

Figure 3. Characteristic estuarine circulation patterns cause brackish
water to move seaward at the surface and saline water to
move landward at the bottom. Particulate tend to settle
and exhibit a net landward movement.
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Related to this layering phenomenon is the process of coastal up-
welling, whereby deep, cold marine waters are brought to the surface
near the land margin. Upwelling Is a common occurrence in many coastal
areas of the world (Johnson 1957; Segerstrale 1957; Conomos and Peterson
1976; and others) and may occur simultaneously with the estuarine-marine
mixing processes described above. Upwelling is probably common along
the southern Beaufort Sea coast; the postulated causes and characteris-
tics are described below from Hufford (1974), Wiseman et al. (1974),
Herlinveaux and de Lange Boom (1975), Barnes et al. (1977a, b), and
Drake (1977).

Upwelling along the Beaufort coast typically occurs when winds are
from the east during the open-water period. Under these conditions, the
sea level is lowered, and the warm, brackish coastal waters tend to be
pulled seaward as a surface lens, and the cold, saline marine waters
intrude landward at the bottom (Fig. 4). This type of circulation pat-
tern should be expected to occur commonly since the summer winds are
predominantly from the east (Barnes et al. 1977b). (It should be noted
that winds from the west typically raise coastal water levels by pushing
water into the coastal bays and lagoons; the warm brackish coastal waters
under these westerly wind conditions are held against the coast where
they are warmed by the sun and freshened by runoff [Wiseman et al. 1974].)

It is likely that the presence of barrier islands tends to retard
both the seaward transport of the coastal waters and the landward trans-
port of marine waters, and that nearshore-offshore exchange would be
more rapid along exposed coasts. The fact that the coastal bay and
lagoon waters tend to remain relatively warm and brackish throughout
the open-water season indicates that the exchange processes are not suf-
ficient to thoroughly mix lagoon waters with marine waters. However, as
discussed later, both the typical estuarine flows and upwelling may cause
significant shoreward transport of materials entrained in the water near
the bottom.

In winter, normal advective exchange between marine and nearshore
areas is assumed to be slow, although there is little conclusive infor-
mation. However, Schell has postulated (in Weller et al. 1977:151;
Schell 1978) a sub-ice convective exchange mechanism, the magnitude of
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Winds from the east along the southern Beaufort Sea coast
tend to depress sea level and cause upwelling near the
land margin; those from the west hold brackish water
against the shore and raise the sea level.
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which is uncertain but the importance of which in supplying nutrients

may be significant.

Effects of Topography on Circulation

Topography appears to affect nearshore water motion in several
ways that are potentially important to biota. As indicated above, the
presence of barrier islands may be important to the maintenance of phy-
sically warm, brackish waters in biologically active coastal regions.
Some water birds (e.g., phalaropes and arctic terns) appear to congre-
gate to feed in the lagoon near lagoon entrances (Johnson and Richardson
1980); it is hypothesized that currents may selectively deliver and/or
affect availability of entrained food organisms to birds, as well as
other organisms, at these sites. The configuration of the nearshore
bottom and emergent landforms may determine the effectiveness of coastal
areas as detritus and sediment traps.

It is well known that all anomalies in the topography of the near-
shore bottom and of the coastline have an influence on nearshore circu-
lation (Mooers 1976). Islands, coastal capes, and submarine banks form
barriers to flow. Coastal embayments, depressions and submarine canyons
may form channels for flow. Since the interactions of flow with topo-
graphy are governed by predictable physical laws, extrapolations and
comparisons among coastal regions are possible (Mooers 1976).

Barrier island chains have characteristic inlet features, or passes,
that are maintained by water movement, and that, in turn, control water
movement (Emery and Stevenson 1957; Riggs 1976). These passes form or
change in direct response to the basic hydraulic pressures within the
coastal system; they open by erosion and close by shoaling of sediments
to fit the hydraulic pressures at any given time. Passes in the vicinity
of rivers are generally larger and more stable than other passes because
they carry much of the freshwater discharge. Inlets that are predomin-
antly tidal tend to be more ephemeral; they are generally formed by
storm waves, kept open by tidal currents, and closed or moved by storms
or longshore currents. If closed, they will tend to recur within the

same general area, when needed to accommodate discharge. Because inlets
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must periodically accommodate rapid water discharge, they are usually
the deepest part of a lagoon or estuary area.

Inlets in the barrier island chain skirting Simpson Lagoon and
Gwydyr Bay appear similar in structure and function to those reported
for other systems. The tidal inlets are generally shallow compared to
the major inlet (Egg Island Channel) which accommodates the Kuparuk
River discharge (Matthews 1978; Mungall 1978). Some of these tidal in-
lets have been observed to close and reopen (Cannon and Rawlinson 1978;
W. Griffiths, pers. comm.). Inlet depth in the Simpson Lagoon area,
particularly of the major inlets, is usually greater than that of the
adjacent lagoon, and water flow through the inlets is often rapid.

It has been found that inlet position and shape are critical to
the circulation and the ecology of lagoon systems in temperate regions
(Copeland 1974; Mooers 1976; Warme et al. 1976; and others); the same
has been implied for the Alaskan arctic coast (Schell and Hall 1972;
Faas 1974; Matthews 1978; Mungall 1978; and others). The nature and
magnitude of lagoon flushing in winter depends on the locations and
depths of major inlets; under-ice flows decrease or cease as inlets are
sealed by thickening ice, and water salinities in lagoons increase
rapidly thereafter (Schell and Hall 1972; Weller et al. 1978:110). In-
troduction of cold, saline marine water to lagoons in summer by landward
intrusion and upwelling processes may be regulated by inlet depth, since
marine waters normally must enter at the bottom beneath the exiting
brackish water. Longshore flushing rates of lagoons in summer also de-
pend on the flow capacities of lagoon entrances, and the effectiveness
of transport of entrained organic and inorganic materials into and out
of lagoons may depend on inlet location and depth, as will be discussed
later.

The barrier islands have both direct and indirect effects on cir-
culation. They physically obstruct water movement and exchange so that
the discreteness of the lagoon from *the sea is enhanced. They also
obstruct wind motion so that the effect of wind on adjacent waters is
altered, although the changes in general circulation patterns as a
consequence of such effects is not well known (Bowden 1978; Hamilton and
Rattray 1978; Hsu 1978).
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Wind-driven currents in shallow waters behave similarly regardless
of depth except immediately above the bottom. Here gradients in current
speeds are very sharp because of frictional drag that retards the water
motion (Carriker 1967; Komar 1976a, b; and others). The theoretical
considerations and consequences related to currents in benthic environ-
ments are discussed in the next section.

Currents Near the Bottom

Water motion near the bottom is biologically important for several
reasons. Bottom currents erode important sites (e.g., inlets). The
resuspension and deposition of organic detritus, and perhaps dissolved
nutrients, depends on bottom currents. Some of the important epibenthic
organisms (e.g., mysids, amphipods) may make behavioral adjustments to
bottom currents in order to accomplish critical movements to, from, and
within the nearshore lagoons.

Because of friction-caused retardation of flow near the bottom,
considerable motion must be present in the mid-water zone before there
will be movement of benthic particles or organisms. Three kinds of
processes result in significant water motion near the bottom--unidirec-
tional currents, oscillatory motion associated with waves, and localized
scouring (caused by a focusing of unidirectional flow). There is some
disagreement as to whether unidirectional currents or wave motions are
most important to resuspension and transport of materials (Komar 1976b).
However, there is general agreement that in shallow shelf waters under
a given wind regime, the shear stress exerted on the bottom by oscilla-
tory wave motion is several times larger than the shear stress associated
with the unidirectional current (Komar 1976b; Madesn 1976). It appears
that wave action is most important in resuspending bottom materials,
whereas unidirectional currents are more important in causing net trans-
port of already-suspended materials (Komar 1976b). Focused bottom
scouring is a local phenomenon; in the Beaufort Sea it is associated
with rapid water motion through holes or cracks in ice (Reimnitz and
Bruder 1972) and, as elsewhere (Emery and Stevenson 1957; Riggs 1976;
and others) at narrow inlets or passes. The importance of scouring
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appears to be morein shaping Zocal benthic environments than in contri-
buting to the total resuspension and transport over a large area.

Because of the extreme difficulty in measuring currents at the
bottom (Carriker 1967),few empirical data are available about the re-
lationships between winds, waves and surface currents, and bottom
currents. The effects of these interactions on the vertical resuspension
of bottom materials are especially poorly known (Komar 1976b; Kjerfve
et al. 1978; Schubel et al. 1978). During storms on Alaska’s arctic
coast, high sediment and detrital loads suspended in the water indicate
that considerable water motion occurs on lagoon bottoms, but there is no
knowledge of the magnitude of this motion at varying bottom depths,

current speeds, wave periods, and wind speeds.

DETRITUS--SOURCES AND TRANSPORT

From the viewpoint of ecosystem functioning, there are two important
guestions about dynamics of detritus movement in the nearshore environ-
ment:

1. What are the sources and mechanisms of delivery of

detritus to the nearshore?

2. Is the nearshore environment a detritus trap, and if
so, what physical processes and environmental features
are involved?

Detritus Sources and Delivery Mechanisms

Detritus appears to be a primary nutrient source and a secondary
energy source for nearshore food webs (Schell 1979). Most of the detri-
tus found in the nearshore area is not produced ZxStubut delivered
there from external sources. It is important, therefore, to document
where the detritus comes from and what processes deliver it to the
coastal regions.

Three potentially important detritus sources and delivery mechanisms
have been identified:

1. terrestrially-derived detritus from the drainage systems

of the larger streams that discharge into nearshore
areas,

78



2. terrestrially-derived detritus from coastal erosion,
and

3. marine-derived detritus transported landward.

Detritus from Stream Discharge

River discharge has been found to be a major source of detritus to
nearshore lagoons and estuaries in many temperate areas (Fox 1957;
Hedgpeth 1957; Segerstrale 1957; Copeland 1974; and others); it has
also been reported to contribute large amounts of organic materials to
the nearshore Beaufort Sea (Reimnitz and Bruder 1972; Walker 1974;
Pelletier 1975; Cannon and Rawlinson 1978; and others). The general
characteristics of the discharge of stream-borne detritus and sediment
into the Alaskan Beaufort Sea have been documented (Barnes and Reimnitz
1972; Reimnitz and Bruder 1972; Walker 1974; Pelletier 1975; Cannon
and Rawlinscn 1978). Almost the entire annual increment is brought to
the coast in June, carried by the rivers during the peak runoff period.
The organic and inorganic suspended materials are mixed; the organics
range in size from very small particles to peat shreds to driftwood.

The percentage of organic material in the suspended load is estimated
(for the Kuparuk River) to be about 1% (Cannon and Rawl inson 1978,
quoting D. Schell, pers. comm.). The suspended load is depoStted in
part on the nearshore ice surface and discharged in part beneath the ice
(Walker 1974); Cannon and Rawl inson (1978) believe that the majority of
the organic fraction is carried in the early overflow and deposited on
top of the ice.

It appears likely that the majority of the detritus, even though
a large portion is initially discharged above the ice, reaches the
water-column in or near the coastal lagoons and bays. Most of the water
which initially flows over the ice quickly finds i1ts way, via cracks and
holes, to the underice environment within and near the bays and lagoons
(Barnes and Reimnitz 1972; Cannon and Rawl inson 1978). The sediments
remaining on the ice in the lagoons are not moved appreciable distances
until the ice breaks up and leaves the lagoons in late June and early
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July. By this time most of the ice underlying the deposits of detritus
(which are darker than exposed ice and thus heat more rapidly) has
melted in place, releasing the detrital materials to the water beneath.

Detritus from Shoreline Erosion

It has been known for many years that coastal erosion accounts for
large amounts of detritus in nearshore waters of the Alaskan arctic.
MacGinitie (1955) reported that tundra vegetation and peat were eroded
into the nearshore Beaufort Sea at Barrow. More recently, Short et al.
(1974), Schell (1975, 1978), Lewis and Forbes (1975), and Cannon and
Rawlinson (1978) have described coastal erosion as detritus sources
elsewhere in the southern Beaufort Sea.

The organic material released to nearshore waters by coastal erosion
is largely peat, which underlies the tundra vegetation in thicknesses
up to a meter or more. This peat is eroded primarily during storms,
when wave action reaches across the beaches to the peat-capped bluffs
on the mainland and islands. The major inputs probably occur in late
summer and early fall under the action of winds from the west.

Indirect evidence indicates that seaward transport of detritus
from coastal erosion is relatively slow. Large lumps of tundra mat are
commonly encountered on the beaches fronting bluffs and in shallow
waters near these beaches, but not in deeper waters in mid-lagoon.

Naidu (1978) found organic carbon levels in sediments to decrease with
distance from mainland shores. Westerly storms, which cause the most
severe coastal erosion, also tend to hold the coastal water masses
against the shore, thereby impeding seaward transport of suspended

particulate.

Marine-Derived Detritus

Whether a significant portion of marine-produced detritus (e.g.,
dead plant and animal remains) finds its way to the coastal estuaries
and lagoons along the Beaufort coast is unknown. Schell (1978) implied
that nearshore marine sources of detritus (sinking plankton, etc.) may
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be ecologically significant, but indicates that data supporting that
view are not yet available.

The major components of detritus produced within coastal and marine
waters are sinking phytoplankton, dead animals, animal parts, and meta-
bolic products. The importance of sinking plankton in shallow, turbu-
lent coastal waters is uncertain; the plankton may remain suspended
because of their low specific gravity (Bellis 1974; Kremer and Nixon
1978:56). However,in winter, settling under ice, even in shallow water,
should not be affected by excessive turbulence. Settling rates also
become significant in the open ocean where waters are deeper and, below
the surface layer, less turbulent (Kremer and Nixon 1978:56).

Little information about the landward-seaward flux of organic-de-
tritus is available; descriptions of how inorganic sediments behave in
coastal waters are more common. Bellis (1974), Hatcher and Segar (1976)
and Naidu (1978) have assumed that organic detritus is similar to in-
organic fines (clay, silt) in response to current action. If this is
true, then we may gain insight about detritus transport by examining
information about interactions between inorganic sediments and water a-
long coasts. Johnson (1957) and Drake (1976) noted that current patterns
over the inner continental shelves of the world typically concentrate
resuspended sediment in the nearshore zone. Dyer (1978) showed that the
mechanism that drives sea water toward land near the bottom in typical
estuarine circulation systems also returns the sediments to the coastal
waters ; he found a net landward dispersion of sediments in two well- to
partially-mixed estuaries in France and the United Kingdom. In San
Francisco Bay, Conomos and Peterson (1976) found that significant por-
tions of sediments dispersed seaward in the water-column were returned
to the bay in bottom, landward-flowing currents.

To conclude, it is not known if much marine-derived detrital mat-
erial is transported to the nearshore lagoons and estuaries of the
Beaufort Sea. However, evidence from other coasts suggest that coastal
circulation and transport processes may generate such a landward trans-
port of marine organic detritus. The likelihood that the nearshore will
act as a sink for such material will be discussed later.
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Relative Contributions--Ri verine, Coastal, Marine

It is important to know the relative amounts of detritus supplied
to the nearshore from each of the three potential sources. As indicated
above, no estimates of the amounts of marine-derived materials supplied
to the lagoons and bays are available. In terms of terrestrial sources,
Schell (1978) and Cannon and Rawlinson (1978) have estimated that
riverine and coastal erosional inputs are of the same order of magnitude.

Detritus Flux--1s the Nearshore Area a Trap?

We want to determine if and why shallow coastal environments are
important for the maintenance of fish and bird populations that have
been found to selectively use them. Because detritus is an important
source of energy and nutrients fueling the food webs of fish and birds,
it is important to determine whether the nearshore area selectively
accumulates it (to the presumed advantage of fish and birds).

Coastal estuaries and lagoons function as detritus traps in many
parts of the world. Meade (1969, 1972) believes that, at most, only
about 10% of the riverborne suspended solids entering estuaries ever
reach the sea. Drake (1976) states that the evidence for nearly perfect
retention of fluvial suspensoids in many estuaries is incontestable.
Hedgpeth (1957) maintains that the rate of deposition of land-derived
detritus is far greater in lagoons and estuaries than in the open sea.
Conomos and Peterson (1976) and Conomos (1979) found San Francisco Bay
to be an effective sediment (and also presumably detritus) trap during
normal river discharge conditions. The processes that regulate the be-
havior of detritus in coastal areas are reviewed below, with particular
reference to the southern Beaufort Sea coast, to examine if and how the

nearshore Beaufort is likely to collect detritus.

Detritus vs Inorganic Sediments

The behavioral relationships between organic suspensoids (detritus)
and inorganic particles (sediments) are germane to this discussion for
several interrelated reasons. First, a great deal more is known about
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sediment resuspension, transport and deposition than is known about de-
tritus behavior. Second, organic materials appear to behave similarly
to some inorganic sediments. Third, certain organic and inorganic
materials may, by the process of flocculation, be bound together and
thereby forced to share the same depositional fate.

Organic materials in the water are reported to have transport pro-
perties similar to those of inorganic fines (clay, silt). Generally,
organic matter is associated with fines in depositional environments
(Bordovskiiy 1965; Froelich et al. 1971). High organic carbon concen-
trations on continental shelves are generally encountered in mud (as
opposed to sand) bottoms (Hatcher and Segar 1976). The reason for the
co-deposition of organics with fines is presumed to be that the two
behave similarly in water (Naidu 1978).

Suspended clay and organic particles may adhere to each other to
form larger particles via the process of flocculation (Copeland et al.
1974; Pelletier 1975; Krone 1978). Co-deposition of the two thus be-
comes obligatory; flocculation may therefore augment the extent to which
organics are to be found with inorganic fines in depositional sites.
The influence of flocculation in determining the sites of deposition of
detritus is discussed at greater length below.

Deposition of Terrigenous Detritus

The majority of eroded coastline materials and organic and inorganic
materials carried by rivers are deposited in nearshore areas. It has
been a common observation that particles suspended in streams discharg-
ing into coastal basins tend to settle there due to the sudden reduction
of current speed (Hedgpeth 1957). The same is true for the Beaufort
Coast. The larger, denser particles are dropped from suspension first,
near the river mouths, and silt and clay are deposited farther away
(Burrell et al. 1975). Most organic materials, similar to the inorganic
fines, are probably not deposited immediately, but carried some distance
prior to settling out. However, it is likely that the process of floccu-

lation affects the depositional behavior of these clays and organics.
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Flocculation is the physiochemical process whereby fine silt, clay,
and organic particles in the water form aggregations because of the
mutually attractive forces of their charged surfaces. Flocculation is
minimal in waters having low salt concentrations (such as most Streams ),
but increases markedly with salinity (Copeland and Dickens 1974; Krone
1978). For this reason its effects are most dramatic where particulate-
rich fresh waters impinge upon high-salinity coastal waters. At present
the data suggest that flocculation increases the settling rate in marine
waters by up to one order of magnitude (Drake 1976).

Conditions under which rivers discharge the major portions of
their organics into the nearshore Beaufort are ideal for extensive floc-
culation. The first several days of flood discharge in the spring may
carry most of the annual detritus load (Cannon and Rawlinson 1978). At
this time the nearshore lagoons are highly saline because of salt ex-
clusion during the freezing of lagoon water. As the river waters spread
seaward under the jce, with the highly saline waters beneath, the fresh-
water/saltwater interface becomes extensive. Walker (1974) notes that,
although little mixing occurs initially across this interface, suspended
material nevertheless settles through to the bottom. In the Canadian
Beaufort, Pelletier (1975) noted that flocculation of clay and organic
particles occurred extensively within and on the periphery of the
Mackenzie River plume.

Flocculation also causes aggregation of organics introduced via
coastal erosion, which occurs almost entirely during late summer and
autumn storms. Although salinities of coastal waters at this time are
normally lower than when river discharge begins, the turbulent mixing
accompanying the storms acts to promote increased particle collision,
which promotes flocculation (Krone 1978).

Although it is clear that there are higher deposition rates of
terrigenous detritus in nearshore lagoons and bays than in offshore
waters, a portion of the detritus is undoubtedly deposited seaward of
lagoons and embayments. MacGinitie (1955) maintained that fresh vege-
tation and peat from freshwater discharge were deposited as far out to
sea as 40 km (near Elson Lagoon). Barnes and Reimnitz (1972) and S.
Johnson (pers. comm.) noted that some of the over-ice discharge from
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the Kuparuk River in spring proceeded seaward of Simpson Lagoon to dis-
charge through the ice into marine waters.

Detritus Flux Between Marine and Nearshore Areas

Is the detritus that is preferentially deposited in nearshore
areas from terrestrial sources gradually lost to the ocean, or is it
supplemented by net landward transport of marine- and/or terrestrially-
derived organics from the marine environment? The transport of organic
matter under ice on the Beaufort Shelf is probably inconsequential
(Drake 1977), so the main consideration is detritus movement during the
open-water period.

Current patterns over the inner continental shelves of most areas
of the world tend to concentrate resuspended shelf sediment (and pre-
sumably also detritus) in the nearshore zone; if estuaries are present,
much of this material will be funneled into estuaries and deposited
(Drake 1976). There is evidence that a major force contributing to this
landward transport is the characteristic landward-flowing bottom currents
(Conomos and Peterson 1976; Schubel and Carter 1976; Conomos 1979). Dyer
(1978) shows that well-mixed estuaries have a turbidity maximum near the
landward margin of the salt water intrusion at the bottom; this indicates
that the mechanism driving salt water landward must also affect suspended
sediment. Dyer found a net landward dispersion of sediment and corres-
pondingly more sediment entrained during the flood (landward-moving)
tide than on the ebb (seaward-moving) tide.

Whether Beaufort Sea marine sediments that are resuspended have a
net landward transport is not known, but circumstantial evidence suggests
that they do. Landward-flowing bottom currents (and probably assoc-
iated sediment transport) caused by the predominant easterly winds and/or
by characteristic estuarine-marine water exchange should be common,
based on evidence provided by Hufford (1974), Herlinveaux and de Lange
Boom (1975), Schell (1975), Wiseman and Short (1976), Barnes and Reimnitz
(1977), and Barnes et al. (1977a). Shoreward-flowing bottom currents
may not exist when winds are westerly, but coastal waters are generally
held against the coast at these times {Wiseman and Short 1976) and
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extensive seaward transport is thereby prevented. However, C. Mungall
(pers. comm. ) cautions that westerly winds might also cause down-wel 1 ing
in nearshore areas, with a consequent seaward transport of bottom water
and materials.

In summary, available evidence suggests that the coastal lagoons
and bays may be sites to which marine-derived detritus (as well as

terrestrially-derived organics) is delivered and deposited.

Effects of Topography

The topographic characteristics of nearshore environments may
locally affect the ability of these environments to catch and hold de-
tritus, Studies along the northeastern U.S. coast indicate that organic
matter accumulates in depressions in the bottom (Hatcher and Segar 1976).
Hedgpeth (1957) notes that troughs between submerged bars parallel to
the shore may serve as traps for silt (and presumably detritus as well).
Models show an entrapment of suspended material within shoreline irregu-
larities, because of the predicted effects of these irregularities on
current speed (Dyer 1978). It is presumed that topographic troughs and
shoreline irregularities in the nearshore Beaufort would also cause de-
tritus accumulation. E. Reimnitz (pers. comm.) found detritus accumu-
lated landward (but not seaward) of terraces plowed parallel to shore by
ice gouging. The lagoons themselves are troughs behind the barrier
islands and spits; submerged spits and bars parallel to shore are char-
acteristic features of the shallow coastal waters (Faas 1974; Short et
al. 1974; Burrell et al. 1975). These emergent and submerged features
undoubtedly enhance the effectiveness of the nearshore Beaufort as a

detritus trap.

Depositional Evidence

The quantities of organic materials in sediment samples taken in
various locations on the shelf may indicate recent as well as historical
patterns of detritus deposition, since the non-living (detrital) organic
material in such samples is likely to be the predominant portion of the
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total organic matter (Fox 1957). Unfortunately, normal methods of col-
lecting sediments for analysis (grab, dredge, etc.) do not accurately
measure recent deposits of detritus, which normally rest on top of the
substrate. However, sampling effectiveness should be roughly comparable
among sites where the same sampling deviceis used. Naidu and Mowatt
(1975b) found the levels of organic carbonin sediments to be similar in
Simpson Lagoon and adjacent Harrison Bay (0.79% and 0.77%, respectively),
but lower {0.58%) in the nearby marine environment. In the Canadian
Beaufort, Pelletier (1975) found higher organic carbon levels in sedi-
ments of deltaic and coastal areas than in the marine environment. With-
in the nearshore, Naidu (1978) found that organic carbon in sediments
decreased in Simpson Lagoon from the mainland to the barrier islands.
(The high levels near the mainland were postulated to be related to the
nearness of these samples to the source of input., i.e., coastal erosion. )
Because dredges were used for sampling in this case, it is not definite
that these seaward decreases in carbon content reflect corresponding
decreases in the surface deposits of detritus, although such is suspected.
Other depositional evidence for sites of detritus accumulation is
based on the assumption that organic matter normally co-deposits with
inorganic fines. Several investigators have described deposition sites
for fine silts and clays in the nearshore Beaufort Sea; some have noted
the co-deposition of these sediment sizes with organics. Naidu and
Mowatt (1975b) point out that the sorting of sediments (and presumably
also resuspension and transport of detritus) in the coastal waters of the
Beaufort Sea occurs during storms. The ultimate depositional sites of
fines are, therefore, the relatively “quiet” localities partially pro-
tected from wave action by a combination of topographic features and
water depth. Emery and Stevenson (1957) note that mud substrates are
usually characteristic of the quiet reaches of estuaries, where turbu-
lence and current action are reduced. Burrell et al. (1975) and Naidu
(1978) found an inverse correlation between mean particle size and water
depth in Simpson Lagoon despite the fact that the Beaufort coastal sedi-
ments in general are poorly sorted (Naidu and Mowatt 1975a, b; Weller
et al. 1978:106). This indicates that the central lagoon basin acts to
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selectively accumulate fine sediments (Naidu 1978), and perhaps (by in-
ference) detritus.

Lewis and McDonald (1974) maintain that in the Canadian Beaufort
Sea, three main sediment sinks exist along the southern coast--between
Herschel Island and the mainland, in Phillips Bay, and in Shoalwater
Bay. They present no evidence to imply that these are also detritus
sinks, but the possibility may be presumed. No data documenting speci-
fic sites in the Alaskan Beaufort Sea as sediment or detritus sinks have

been published.

GEOMORPHIC FEATURES AND THEIR EVOLUTION

The ecologically important geomorphic features along the Alaskan

coast of the Beaufort Sea include:

1. The barrier islands which provide nesting sites for
certain birds.

2. The island chains, which act as barriers to winds
and waves and restrict water exchange between
coastal and marine systems.

3. The inlets and passes, which connect lagoons with
the ocean and with other lagoons, and allow trans-
port of suspended materials and migration of aquatic
organisms.

4. The shallow basins of lagoons, which promote rapid
warming of coastal waters and provide ready access
by birds to bottom-dwelling prey.
Two questions about these features must be answered before it will be
possible to assess long-term consequences to fish and birds of some of

man’s activities.

1. What are the formative processes of the ecologically
important features?

2. What time scales are involved in the natural formation
and disappearance of these features?

Formative Processes

As noted above, some of the geomorphic features along the Beaufort
Sea coast are directly or indirectly important to fish and birds.
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The processes that have given rise to these features must be understood
in order to evaluate the long-term consequences of development activities
that would change these features. Only by evaluating these formative
processes can we predict whether the changes wrought by development are
likely to be naturally mended. For example, if island materials are

now supplied by processes that will no longer function after some devel-
opment activity, or if islands were orginally formed by processes that
are not now functioning, then removal of islands or portions of islands

may be an irreversible change.

Barrier Islands, Lagoons and Estuaries--General Considerations

The formative mechanisms for coastal barrier islands and their
associated estuaries and lagoons have been the focus of controversy over
the past century (Schwartz 1973; Wanless 1976). Recent evidence sug-
gests that several processes may act jointly or independently to gener-
ate barrier islands in various areas of the world (Zeigler 1959; Otovos
1970; Schwartz 1971). These processes are closely tied to sea level
fluctuations (Gill 1967).

Most coastal geologists agree that there has been a general world-
wide rise in sea level since the last glaciation (LeBlanc and Hodgson
1959; Shepard 1960; Schwartz 1965; Godfrey 1976; Riggs 1976; Wanless
1976). Many of these workers think that the general rise is continuing,
although some (Leontyev 1965; Leontyev and Nikiforov 1965) maintain that
a drop in sea level occurred during a brief interlude several thousand
years ago. A few investigators {LeBlanc and Hodgson 1959) have found
local evidence that the post-glacial rise stopped a few thousand years
ago and that the sea level has since remained constant.

Assuming a continued gradual rise in sea level, we will consider
three mechanisms that have been proposed for the formation of present-
day barriers and the shallow lagoons behind them: (1) the building of
barriers by sand thrown up from the continental shelf, (2) the elonga-
tion of sand spits built from headlands by longshore drift, and their
eventual breaching by tidal action, and (3) the gradual submergence of
low-lying coastal areas behind topographic highs (Schwartz 1971; Wanless
1976).
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Evidence from some coasts indicates that barrier islands have been
formed and/or enlarged by the accretion of submerged shelf materials
onto nearshore submarine or emergent features (Fig. 5). LeBlanc and
Hodgson (1959) and Shepard (1960) found evidence that materials for many
of the barriers along the Gulf of Mexico were derived from shelf sedi-
ments that presumably built upon existing emergent islands, or upon sub-
merged bars. The latter are characteristic of shallows immediately off
sandy beaches (Hedgpeth 1957). Otvos (1970), working in the same area,
and Leontyev (1965), studying barriers in the U.S.S.R. , reached similar
conclusions about barrier island formation.

Pierce and Colquhoun (1971) doubted that emergent barriers could
be built by wave action from submerged bars, particularly at a time when
the sea level is rising. They quote Kuelegan (1948), King (1960:337)
and McKee and Sterrett (1960) to the effect that breaking orbital waves
have questionable ability, in most circumstances, to build an emergent
barrier upon a submerged feature. Submarine bars are built by waves
but, instead of emerging, the bars usually migrate landward and even-
tually become part of a pre-existing feature. Under these assumptions,
the generation of a barrier by shelf sediments thrown up by waves appears
to depend on the existence of an already-emergent feature upon which to
build. Regardless of whether submerged bars can emerge during a rise
in sea level, once emergent barriers exist, they commonly grow by upward
aggravation and remain emergent in spite of a rise in sea level (Shepard
1960).

The generation of sand spits from the mainland or from existing
islands is sometimes implicated in barrier island and lagoon formation
(Fig. 5). These barrier spits are nourished by longshore transport of
materials (usually sand) derived from erosion of headlands or from river
discharge (Pierce and Colquhoun 1970; Wanless 1976). Eventually, seg-
ments of the spits become islands as the spits are breached by wave
action during storms. Examples of barriers formed in this way may be
seen in such locations as the Atlantic coast of the United States
(Pierce and Colquhoun 1970) and coastal Australia (Bird 1973).
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Figure 5.

Three general mechanisms have been proposed as formative
processes for barrier islands: inundation of coastal
lowlands behind beach ridges (top); breaching of spits
built by Tongshore drift (middle); and deposition of sand
thrown up from the continental shelf (bottom).
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Isolation of coastal headlands by inundation of coastal lowlands
behind the headlands may be an important formative mechanism for barrier
systems in some areas (Fig. 5). Coastal subsidence as a consequence
of the rising sea level is the ultimate causative phenomenon. That sea
level rise caused coastal lowland submergence was noted early (McGee
1890) along the east coast of the United States. Zeigler (1959) postu-
lated that barrier islands and associated estuaries along the south-
eastern United States originated by coastal submergence. Hoyt (1967)
precipitated more recent controversy in proposing that barrier islands
form by gradual submergence of coastal lowlands behind beach-dune ridges
(Wanless 1976). Since then, coastal submergence and consequent isolation
of mainland features have been commonly postulated as generating mechan-
isms for island-lagoon systems along the coast of the southeastern
United States (Pierce and Colquhoun 1970; Godfrey 1976).

It is now conceded that a combination of mechanisms can form and
maintain barrier/lagoon systems (Ziegler 1959; Schwartz 1971). Pierce
and Colquhoun (1970) propose that both primary barriers (built on or
derived from relict mainland features) and secondary barriers (built
from spit extensions of mainland or primary barriers) are common along
the North Carolina coast. They maintain that the two different forma-
tive processes are not mutually exclusive, but commonly interact.
Zeigler (1959) also recognized along the South Carolina coast both
mainland-derived emergent features (“erosion remnant” islands) and
barriers formed from spit accretion off headlands and islands ("beach-
ridge” islands). He proposed that the former were built upon relict
features and the latter accreted over submarine deposits by longshore

transport and deposition of sediments.

Barrier Islands and Lagoons--Beaufort Sea

There also appears to be a continuing rise in sea level relative
to coastal substrates along the southern coast of the Beaufort Sea.
Weller et al. (1978:103, 105), using data compiled by D.M. Hopkins,
showed that 20,000 years ago the surface of the Beaufort Sea was about
80 m below its present level. The increase in sea level, then, has
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averaged about 40 cm/century for this period. Because of this rise in
sea level, the process dominating the formation of barrier island-lagoon
systems is probably marine impingement into coastal regions. Two types
of barriers (relict and constructional) appear to have been formed as

a consequence.

Relict Barriers. It is generally accepted that those Beaufort Sea

coastal islands capped with tundra vegetation and peat are remnant
mainland features (Cannon and Rawlinson 1978; Weller et al. 1978:127).
The biological evidence of this is clear--islands have a vegetative
covering that is identical with that of the mainland and that overlies
undisturbed peat deposits several thousand years old. The geological
evidence is also unmistakable; Cannon and Rawl inson (1978) show that

the lake basins on the islands are similar in form and orientation to
mainland lake basins and that mainland and island substrates have similar
stratigraphies and 1lithologies.

A feature that has promoted the isolation of coastal bluffs and the
associated formation of lagoons is the abundance of lakes in the re-
latively flat landscape of the coastal plain. Evidence that these
lakes have coalesced behind coastal highs, thus hastening the formation
of lagoons, has been presented by Faas (1974) and Cannon and Rawlinson
(1978) for the Alaskan Beaufort and by Lewis and Forbes (1975:4) for
the Canadian Beaufort.

Constructional Barriers. Most of the coastal barrier islands are

surfaced with sand and gravel and are, according to conventional defini-
tion, constructional (Weller et al. 1978:127), notwithstanding that
their constituent gravel and sand may have come from relict features
(Naidu 1978). The knowledge that they are constructional (at least in
part) is insufficient for evaluation of the potential consequences of
development; the constructional processes and source materials must also
be known.

Particles larger than sand (gravels, boulders) comprise a large
portion of the constructional materials of Beaufort Sea barrier islands.
These gravels are thought to have been very local in origin, because
wave and current energies capable of transporting them from elsewhere
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do not presently exist along the Beaufort coast (Naidu and Mowatt 1975a;
Cannon and Rawlinson 1978). Naidu and Mowatt (1974) postulated that
some of the large boulders found sparingly on these barriers might have
been ice-rafted from elsewhere, but Cannon and Rawlinson (1978) and
Weller et al. (1978:111) disagreed with that view. Cannon and Rawlinson
(1 978) believed the gravel and boulders to be deposits from eroded
remnant islands.

The specific mechanisms and magnitudes of transport of the gravel
are not completely known. Faas (1974), Reimnitz et al. (1977), Cannon
and Rawlinson (1978), and Weller et al. (1978:124) think that they are
transported very short distances, and are only locally reworked by ice
shove and wave action. Weller et al. (1978:124, 129) imply that tran-
sport of gravel may be restricted to the island where the gravel ori-
ginated, especially if islands are separated by relatively deep inlets.
Rex (1964) working in the western Beaufort near Barrow, and Lewis and
Forbes {1975) working in the eastern Beaufort, found that gravels may
be transported considerable distances along spits. Nevertheless there
is general agreement that present-day transport of gravel on the Beaufort
Sea shelf by natural processes is very limited (Reimnitz et al. 1977;
Weller et al. 1978:129; and others).

Sand-sized and finer sediments may be moved through the nearshore
system by longshore transport and thereby supplied to barrier islands
and spitsfrom relatively distant sources (Lewis and Forbes 1975:3;
Cannon and Rawlinson 1978; Naidu 1978). (Of these sub-gravel-sized
particles, those comprising constructional spits and barriers are mostly
sand, so silts and clays are not of significant concern. ) The primary
sources of sand for barrier and spit accretion along the coast of the
Beaufort Sea are presumed to be river discharge and erosion of coastal
headlands; landward transport of continental shelf sands has not been
postulated to be significant. As might be suspected, sand discharged
into the nearshore by rivers appears to settle near the deltas, whereas
clays and silts tend to travel farther (Burrell et al. 1975). Similarly,
sand released from eroded coastal headlands is initially deposited near

its source (Schwartz 1965).
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Once the sand is deposited, it is not easily resuspended by waves
and transported by currents unless it remains in very shallow water
(Burrell et al. 1975; Swift 1976; Naidu 1978). The fact that sand at
depth is not readily resuspended and transported suggests that a
shallow-water “corridor” must exist between a sand source (e.g., river
depositional site, mainland or island depot) and an emergent feature in
order for the feature to be significantly nourished by sand from such
sources. Maximum depths at which sand is readily resuspended and
transported along low-energy coasts such as along the southern Beaufort
Sea are not known. However, sedimentologists working along the Beaufort
Sea coast (e.g., Burrell et al. 1975; Naidu 1978) have found that
lagoons with depths of only a few meters selectively accumulate fine-
grained (silt, clay) particles, suggesting that sand from terrestrial
sources is not readily transported into and across such depths to the
barriers beyond. This is supported by observations that most sand tran-
sport from mainlands and barriers seems to be along emergent or slightly
submerged spits extending from headlands or existing islands (cf.
Pierce and Colquhoun 1970; Burrell et al. 1975; Wanless 1976), or along
the beaches of chains of emergent barriers. Even the transport of sand
along barrier chains may be hindered by the presence of inlets between
islands (Weller et al. 1978:129).

In the final analysis, then, most constructional barrier islands
along the Beaufort Sea coast are probably relict features that have been
eroded and reshaped by wave action and ice push. Their large particles
were probably dropped in place as the islands eroded, and are not being
currently supplemented from elsewhere. The islands may be nourished by
sands from more distant river discharges or erosion of coastal headlands
if they are separated from such sand sources by relatively shallow
depths, but deep lagoons and inlets may partially or completely block
such supplies of sand.

Whether sand from the deeper marine areas of the continental shelf
also accretes in significant quantities to the nearshore barriers is not
known, but such has not been postulated to be the case.
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Time Scales of Change

The impacts of development activities on biological communities
persist only when the habitat changes exceed the capacities of organisms
within the communities to adjust. If the development activities do not
persist, most (but not all, see Helling 1978:30-32) ecological impacts
are temporary in the sense that populations can resume their original
status and function once the habitat is “repaired”. Thus an important
guestion in assessing long-term ecological impacts is “How long will
habitat changes caused by man persist?”

This question is especially important in assessing the impacts
of landscape changes in coastal regions of the Beaufort Sea because the
effectiveness of physical processes in molding some geomorphic sub-
strates suggests that some changes in these substrates would eventually
be mended by natural forces. The critical questions relate to how fast
the natural changes will obscure the man-caused changes.

In this section we will address rates of natural geomorphic change
in the barrier islands, the lagoon basins, and the mainland coasts, with
a view to estimating the permanence of man-caused changes in these fea-
tures. It should be remembered that natural changes in all these
features will be influenced greatly by coastal subsidence.

Barrier Islands

Storm surge events rapidly erode the tundra and peat covers of
mainland relict islands. Cannon and Rawlinson (1978) estimated that
the margins of tundra caps on islands enclosing Simpson Lagoon erode at
an average rate of 1.6 m per year. They also estimated that these is-
lands will retain their tundra/peat caps for lengths of time varying
between 35 and 270 years (depending on island size), given the present
rates of erosion.

Likewise, both sand-and-gravel islands and the sand-and-gravel
portions of tundra-capped islands change shape and move rapidly. Sand
and gravel from the eastward and seaward extremes of islands appear to
be eroded and transported to accrete to the westward and landward por-
tions of the islands; consequently the direction of island migration is
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predominantly westward (in the direction of the dominant longshore
transport) and southward (landward). Islands migrate at annual rates
estimated variously to be 6-25 m (Short et al. 1974), 6-72 m (Reimnitz
et al. 1977), and 13-30 m westward and 3-7 m landward (Weller et al.
1978:12).

The tenure of Beaufort Sea barrier islands as emergent features is
not known. Presumably it must be a matter of centuries, since all the
major islands in existence at the time the arctic coastal islands were
first mapped in the early 20th century are still in existence, and no
major new islands have formed since then. Reimnitz et al. (1977) state
that Cross Island northeast of Prudhce Bay has apparently not changed
greatly in emergent area since it was mapped by the U.S. Geological
Survey in the early 1900°s (Leffingwell 1919). Considering that most of
the islands presently extend at least 1-2 m above sea level, it would
take several centuries for them to be submerged at the estimated present
rate of sea level rise if no erosional degradation in height occurred in
the interim. Evidence from other areas suggests that such degradation
would not occur, for emergent features frequently tend to build upon
themselves to remain emergent as the sea rises (Shepard 1960).

Lagoon Basins

Since the lagoons depend on the existence of barriers, a lagoon
and its barrier islands have similar durations. However, during the
lifetime of a barrier island-lagoon system, the geomorphic boundaries
of lagoons may change in important ways. Lagoon depth, inlet charac-
teristics, and lateral extent are all ecologically significant attributes
that may change with time.

Change in depth of nearshore waters is a function of the balance
between sediment deposition (which causes shoaling) and subsidence
and/or sediment removal (which deepens coastal basins). Emery and
Stevenson (1957) and Hedgpeth (1957) observed that deposition (largely
of stream-derived sediments) caused depths of Texas bays to decrease by
about 23 cm in 65 years, despite a general coastal subsidence of about
30 cm during the same period. Schwartz (1965), in a laboratory study

97



of rise in sea level and shore erosion, suggested that the rise of near-
shore bottoms simply as a result of deposition of beach-eroded materials
should equal the rise in sea level, thus maintaining a constant near-
shore water depth despite regional subsidence.

In sheltered waters along the Beaufort coast of Alaska, measured
net sedimentation rates are 5 cm/century off the Colville delta, 10
cm/century in many nearshore areas (both inside and outside barrier
islands), and as much as 60 cm/century in Prudhoe Bay (Weller et al.
1978:106). These sedimentation rates are of the same order of magni-
tude as the average 40 cm/century rate of increase in sea level estimated
for the last several thousand years (calculated from data of Weller
et al. 1978:105). The implications are that regional subsidence may
compensate for much or all of the potential shoaling caused” by deposi-
tion, and that, as a consequence, lagoon depths may remain fairly
constant for long periods. However, since the estimates of both sub-
sidence and deposition rates are very imprecise, the rate of change in
water depths in coastal regions of the Beaufort Sea is uncertain.

Inlet characteristics and locations, as we have seen, are primarily
a function of the hydraulic forces impinging on a barrier island chain
(Emery and Stevenson 1957; Riggs 1976). Short-term changes, particu-
larly in inlet shape and size, may be very rapid in direct response to
hydraulic pressures, but over the long term, inlets with the same general
characteristics will recur to accommodate discharge forced by the re-
gional oceanographic circulation patterns. Therefore, as the depth
and lateral conformity of a lagoon change with time, inlets will cor-
respondingly change in size and location. Weller et al. (1978:129)
imply thatinlets in Beaufort Sea barrier island chains migrate westward
with the individual islands. However, inlets opposite river mouths
(for example, Egg Island Channel off the Kuparuk River delta) must
remain in the same general locality to accommodate the annual river
discharge.

Weller et al. (1978:127) report that constructional islands along
the Beaufort coast migrate tandward at an annual rate of about 3-7 m.
This rate is similar to, and in the same direction as, the coastal
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erosion rates estimated by various researchers (see following section).
Given, then, that both the island/lagoon margins and the mainland/lagoon
margins are moving southward at similar rates, lagoon width should re-

main fairly constant for long periods.

Mainland Coasts

As noted earlier, the main”land along the Beaufort Sea coast is
receding, eroded mostly by storm surge action. There is extreme short-
term variability in erosion rates because erosion is significant only
during storms. Estimates of annual rates of coastal recession vary.
Schell (1975) calculated annual rates of 1.4 m/year over 22-23 years
for a stretch of mainland bordering Simpson Lagoon, and Cannon and Raw-
Tinson (1978) estimated retreat rates of about 1.2 m/year for the main-
land in the Simpson Lagoon area. Hume and Schalk (1967) reported a
beach retreat of about 9 m during the course of one storm near Barrow,
and Leffingwell (1919) reported short-term erosion rates of up to 30 m/
year at Drew Point and Cape Simpson. Lewis and Forbes (1975:3) report
sea cliff retreat of up to 90 m in 16-18 years along the Canadian Beau-
fort coast. Weller et al. (1978:126) estimate that coastal retreat
averages 1 m/year in the Canadian Beaufort west of the MacKenzie Delta,
1.6 m/year in the Alaskan Beaufort east of the Colville Delta, and
4.7 m/year in the Alaskan Beaufort west of the Colville Delta.

CONCLUSIONS

A summary of important conclusions follows.

In summer along the Beaufort Sea coast, prevailing wind regimes
cause water to rapidly exchange between adjacent coastal water bodies.
Exchange between coastal and offshore waters is, on the other hand,
sufficiently restricted that the two systems remain measurably different
in their temperatures and salinities, and presumably in other attributes
as well. In winter, coastal circulation and exchange rates are much

reduced from those of summer.
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The water exchange that occurs between the relatively warm and
brackish nearshore waters and the colder, more saline ocean waters
is probably dominated near river mouths by an exchange pattern charac-
teristic of many estuarine areas--landward intrusion of ocean water
near the bottom and seaward movement of nearshore water at the surface.
This process may commonly be augmented by coastal upwelling along the
coast. The rates of these exchanges are retarded by barrier island
chains and by the natural tendency for the wind-driven currents to move
parallel, rather than perpendicular, to the coast.

Currents near the bottom are more important in transporting eco-
logically significant materials than are currents higher in the water
column. Existing data suggest that there is a dominant landward
component in the bottom currents in summer that may promote net land-
ward delivery of materials and organisms entrained in the lower part of
the water-column.

The amounts of detritus delivered to the nearshore waters by river
discharge and by coastal erosion appears to be similar; amounts
delivered from offshore environments have not been quantified. Several
lines of evidence strongly suggest that nearshore basins behind barrier
islands, submerged bars, and other prominences are traps for detritus
from all three sources.

Major barrier islands along the Beaufort Sea coast are of two
related kinds--relict mainland features and constructional barriers
built upon or from relict features. They were originally formed as the
sea rose and inundated areas behind coastal highs. Most of these islands
are apparently not presently being nourished significantly by materials
transported from distant sources.

Lateral shifts in coastal landforms are rapid--margins of coasts,
islands, and lagoon basins annually move several meters landward and/or
westward. Large-scale vertical changes in topographic features are
much slower, and seem to be controlled over the long-term by the tendency
of the rising sea to inundate features and the opposing tendency of bot-
toms of lagoon basins and surfaces of islands to rise because sand and
silt accrete to them, Tens of centuries may pass before the sea drowns
the existing barrier island-lagoon systems and intrudes landward to form
new systems from lake beds and other low places behind coastal ridges.
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SUMMARY

In 1976, LGL initiated an interdisciplinary, process-oriented study
of a barrier island-lagoon ecosystem on Alaska’s Beaufort Sea coast. The
general scope of the ornithological components of this study, which was
sited primarily in the Simpson Lagoon area, was to characterize the use
of nearshore habitats by birds and to clarify those critical feeding and
habitat dependencies that development is likely to affect either directly,
or indirectly via alteration of ecosystem processes.

The research program addresses four ecosystem uses/dependencies of
birds--for migration, breeding, feeding and staging-molting. These uses
are evaluated as they relate to barrier island-lagoon habitats and pre-

dicted development alterations of habitats.

Migration Studies

Spring migration during 1977 and 1978 (late May to mid-June) was
eastward over a broad front; major bird groups involved were loons,
brant, pintails, oldsquaws, eiders, glaucous gulls and jaegers. After
river water had overflowed onto the lagoon ice in early June, a few loons
and some waterfowl landed on the overflow water.

The westward molt migration by male seaducks included two peaks--move-
ment of oldsquaws during late June and early July, prior to breakup in the
lagoon or in the sea, and a modest movement of common and King eiders
through the study area, mostly during the third and fourth weeks of July
after the lagoon and sea ice had retreated. In addition, male surf scoters
flew west through the Simpson Lagoon area in July 1978. Oldsquaws made
moderate use of shoreleads in lagoons and light use of leads in the ice in
mid-lagoon during the course of their molt migration; eiders made light
use of lagoon habitats during the westward molt migration.

The fall migration by birds out of the Simpson Lagoon area was more
protracted than either the spring or molt migration. Most oldsquaws and
glaucous gulls had not begun their fall migration out of the study area
when the field season was terminated on 25 September 1977 and 1978. A
westward movement of adult and juvenile arctic terns occurred along the

barrier islands during the third and fourth weeks of August, at which time
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they congregated at gaps between the islands and aiong the spits and sand-
bars where food was more readily available to this species. A major
movement of black brant occurred along the mainland coast in the last days
of August and the early days of September during 1977 and in the second
and third weeks of August during 1978. A westward movement of loons
through the lagoon occurred in late August and early September of 1977

and 1978.

Nesting Studies

During 1977, arctic foxes preyed heavily on eggs of birds which
nested on the barrier islands, and (presumably because of the predation)
densities of successful nests were relatively low. Indications were that
in the absence of arctic foxes on gravel islands, the nesting potential
for traditionally island-nesting species was high.

During 1978, arctic foxes were absent from the barrier islands. Al-
though the density of tundra nesting birds remained low, those species
associated with the gravel islands were more productive than during the

preceding year when foxes were present.

Molting and Staging Studies

An estimated 30,000 to 51,000 male oldsquaws may concentrate in the
lagoon between mid-July and mid-August to molt. Few molting oldsquaws
occur seaward of the barrier islands; however, post molting male oldsquaws
may move to offshore locations during late August and early September. An
estimated 33,000 to 106,000 oldsquaws, primarily females and juveniles,
may occur in the Simpson Lagoon study area during late September after
tundra wetlands freeze and are unavailable to these birds.

Juvenile northern and red phalaropes arrived to feed along the shore-
lines of the barrier islands and mainland both in 1977 and 1978 during
August; thousands of individuals concentrated along the beaches of the
barrier islands during the mid and late parts of August.

Glaucous gulls in the study area were most intensively studied during
1977; they were associated with shorelines and their distribution appeared
to be related to the availability of food. During September 7977 and 1978
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the number of glaucous gulls increased dramatically in the area; during
1977 they were most abundant along the seaward beaches of the barrier is-
lands, where food (hyperiid amphipods) was concentrated along sections of
the shoreline.

Feeding Studies

During both 1977 and 1978 oldsquaws ate primarily mysids and amphi-
pods, and to a lesser extent, bivalves. They ate largely the kinds of
foods that were most available; during 1977 their diet was very similar to
that of the arctic cisco, the most common coregonid fish in the lagoon.

During both 1977 and 1978 oldsquaws were fattest from mid-July to
mid-August, the period of molt. Their fat reserves declined thereafter,
which suggests that subcutaneous fat may play an important role during the
molt period (e.g., for insulation and/or to satisfy maintenance energy re-
quirements) and that this fat may be utilized after the molt to help meet
the energy demands associated with feather replacement. Throughout the
summers of both 1977 and 1978 the standing stocks of epibenthos used as
food by oldsquaws remained at least one order of magnitude greater than
the estimated per-day food requirement of the birds.

During 1977, glaucous gulls in the study area fed exclusively along
shorelines and ate mainly isopods, amphipods, small fish and small birds.
The relative proportions of these organisms in the diet bore little resem-
blance to their proportions at the locations where glaucous gulls were
collected. Feeding overlap studies indicated that the diet of glaucous
gulls was more similar to that of the four-horned sculpin than to that of
any other common vertebrate studied. The highest densities of glaucous
gulls were recorded along the beaches of the barrier islands during the
third week of September in both 1977 and 1978. At this time during 1977,
glaucous gulls were feeding on hyperiid amphipods that were concentrated
along sections of the seaward shorelines of the barrier islands.

Both northern and red phalaropes are specialized shoreline feeders.
Phalaropes concentrating on coastal shorelines in August of 1977 and 1978
ate primarily copepods, small amphipods and small mysids. The proportions
of these organisms in the diet of phalaropes during 1977 were similar to
the proportions of these taxa found in their feeding habitats along
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shorelines. During 1978, phalaropes selectively preyed on small amphipods
which in shoreline feeding habitats were much less abundant than mysids
and slightly less abundant than copepods. During 1977 and 1978, the diets
of red and northern phalaropes were very similar to each other. During
1977, the diets of phalaropes collectively were similar to diets of arctic

char and least cisco.

Disturbance Studies

Data from other studies coupled with observations made during the
course of this study showed that the vulnerability of birds to disturbance
varies among species, habitats, and type of bird activity.

Table 60 gives a sensitivity/vulnerability matrix of important
avian species and their habitats, with notes about the periods when each
species is most vulnerable to development-related activities affecting

each habitat.

Conclusions

General conclusions were that

1. Bird utilization of lagoon areas was negligible while these areas
remained frozen in spring and early summer; potential impacts of
development are, therefore, probably low at this time except for
those activities that would create open water attractive to birds.

2. Shoreleads were used moderately by birds before the nearshore
area became ice-free.

3. Species that nest mainly on barrier islands nested at higher den-
sities on the gravel/sand islands than on the tundra-covered
barrier islands. Species nesting on the latter are also wide-
spread on the mainland tundra. If development activities are
restricted to tundra sites on the barrier islands, then distur-
bance to island-specialist species should be minimal.

4. Shorebirds (primarily phalaropes) that stage in barrier island-
lagoon habitats during August are most heavily concentrated along
the seaward shorelines of the barrier islands.

5. Molting and post-molting oldsquaws are abundant and are highly
concentrated at several barrier island-lagoon sites in and to the
east of Simpson Lagoon. In general, the shallow and/or turbid
waters directly under the influence of the Colville River, west
of Simpson Lagoon in Harrison Bay, supported primarily glaucous
gulls and only a few oldsquaws.
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6. Feeding studies indicated that oldsquaws preyed most heavily on
larger individuals of the three major taxa of invertebrates that
were most abundant in lagoon epibenthic habitats, and that old-
squaws preyed most effectively in areas where densities of
invertebrates were highest.

7. Heaviest use of neashore barrier island-lagoon areas by birds
occurred during the open-water season--late July through August
and September. Primary use of the area at this time was by post-
breeding oldsquaws and staging shorebirds. Feeding activity in
the area was intensive by all these birds. Potential impacts of
development, therefore, would be most serious during this open-
water season.
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SPECIAL NOTE

This is the third and final report of our investigations of the
Jones Islands-Simpson Lagoon system. Many of the data presented in this
report also have been presented in two earlier reports (Johnson 1978,
1979). Because of refinements and revisions in the analytical proce-
dures, numbers presented in the text, tables and figures of this final
report may differ from (and supersede) those in the earlier two versions.
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INTRODUCT ION

The Alaskan Beaufort Sea, especially its coastal lagoons and barrier
islands, is an important area to many species of water-associated birds.
During portions of the year, significant fractions of the total North
American populations of a number of species are present in the nearshore
waters of the Beaufort Sea (Johnson et al. 1975). These include the fol-
lowing: yellow-billed loon, brant (<105)*, oldsquaw (106), common (>10%)
and king (10°) eiders; glaucous, Sabine's and Ross' gulls; arctic terns;

and red and northern phalaropes. Some of these birds occur in the coastal
Beaufort Sea area only during migration, but others also nest, molt, feed

and accumulate fat reserves there (Johnson et al. 1975).
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General Nature and Scope of Study

In 1976, LGL scientists initiated an interdisciplinary process-
oriented study of a barrier island-lagoon ecosystem on Alaska’s Beaufort
Sea coast. The general scope of the ornithological portion of this study.
which was sited largely in the Simpson Lagoon area, was to

1. assess the importance to birds of barrier island-lagoon habitats
in the Beaufort Sea,

2. determine the degree and nature of dependencies by birds on these
habitats, and

3. clarify those critical feeding and habitat dependencies that
development is likely to affect either directly or indirectly via
alterations of ecosystem processes.

Specific Objectives

The research program addresses each of four ecosystem uses or depen-
dencies of birds--migration, breeding, molting and staging, and feeding.
These uses are evaluated as they relate to barrier island-lagoon habitats
and predicted development alterations of habitats with these objectives:

1. Determine the timing, routes, numbers and major species involved
in the spring migration, molt migration and fall migration of
birds through a barrier island-lagoon system.

2. ldentify the economically or aesthetically important (key)
species of birds in the major habitat types present in the
barrier island-lagoon system, obtain quantitative estimates of
their seasonal abundance in each habitat type, and determine the
nature of their utilization of these habitats.

3. Obtain quantitative estimates of the density, nesting success,
and major predators of birds in the typical barrier island-lagoon
habitats.

4. Determine the major food organisms consumed by the key bird
species during periods of their peak abundance in a barrier
island-lagoon system.

5. Determine the trophic relationships between the key species of
birds, their food organisms and their feeding habitats: e.g., Do
key bird species select particular food organisms or do they sim-
ply eat in accordance with the relative availability of the food
organisms? Does cropping by birds have a significant effect on
food availability? Do different species of birds (and fish)
depend on the same food organisms?

*Estimated order of magnitude of numbers of birds entering the Beaufort
Sea annually (Thompson and Person 1963; Johnson 1971; Bellrose 1976;
Timson 1976).
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Relevance to Impact Assessment

Plans for the development of petroleum resources in the coastal area
of the Alaskan Beaufort Sea are proceeding rapidly. Activities affecting
the coastal barrier islands and accompanying lagoon systems play a promi-
nent role in the various development scenarios presented by the petroleum
industry (Weller et al. 1978). Federal and state authorities have ex-
pressed the desire that development proceed with minimum disturbance to
bird populations that are of concern to society because of their aesthetic,
sport or subsistence value.

Industrial activity following petroleum leasing of nearshore waters
may potentially affect birds in two major ways:

1. By imposing direct mortality or stress (e.g., oiling of birds,
disturbance caused by human activities such as aircraft over-
flights, destruction of nesting habitat, introduction or attrac-
tion of predators).

2. By interrupting key physical and biological processes (e.g-,
coastal erosion, water circulation, nutrient and invertebrate
production and cycling, etc.) that currently enable birds to suc-
cessfully use the area during migration and for breeding, feeding,
staging and/or molting.
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CURRENT STATE OF KNOWLEDGE IN THE BEAUFORT SEA AREA

In general, prior to the initiation of the present barrier island-
lagoon studies, little information was available regarding the spatial and
tempera”l patterns of abundance and distribution of birds in the various
barrier island-lagoon habitats. No information existed regarding the
feeding ecology of key bird species in relation to their prey in barrier
island-"1agoon habitats, nor regarding the effects of predation (by foxes)
on birds nesting on barrier islands. Prior to this study little quantita-
tive information existed regarding the densities on the barrier islands of
tundra-nesting birds, relative to densities of birds that typically nest
on gravel/sand substrates and on the adjacent mainland tundra.

Knowledge, as of 1975, of birds found in the Beaufort Sea area was
reviewed by Johnson et al. (1975). Searing et al. (1975) and Richardson
et al. (1975) present results of aerial surveys of sea-associated birds in
the Canadian Beaufort Sea during 1972 and 1974, and in 1975, respectively.
Barry (1976a.) has presented a brief summary of all available information on
seabirds found in the Canadian Beaufort Sea. Richardson et al. (1975) and
Johnson et al. (1975) presented detailed information on the spring migra-
tion of birds along a portion of the Beaufort Sea coastline in the Yukon
Territory and northeastern Alaska.

Several published accounts describe the birds in the immediate vici-
nity of the Jones Islands-Simpson Lagoon area. Hall (1975; unpublished
1972 data) has provided an annotated list of the birds seen near 01iktok
Point and in Simpson Lagoon from 12 June to 23 August 1971 and intermit-
tently from 11 May to 27 November 1972. Gavin (1976) reported on water
bird production along most of the barrier islands in the vicinity of
Prudhoe Bay, including the Jones Islands, for the 6-year period 1970
through 1975. Divoky (1978b) conducted ground and aerial surveys of
nesting birds along all of the barrier islands in the Alaskan Beaufort Sea
during 1976, including the Jones Islands; he also conducted two aerial
surveys of the Simpson Lagoon area during 1976. During 1977, Divoky
(1978a) conducted opportunistic shipboard surveys of birds in Simpson
Lagoon and at this location collected a small sample of oldsquaws for
stomach analyses. Schamel (1974, 1978) described some aspects of

the spring migration, the molt migration of seaducks, and the densities of
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shorebirds, gulls, terns, jaegers and seaducks in a portion of Gwydyr Bay
near Egg Island, approximately 15 km east of Simpson Lagoon. Bergman
et al. (1977) report the results of a 5-year study of waterbirds and wet-
land resources on the mainland coastal tundra near Storkersen Point,
which is approximately 25 km east of the Simpson Lagoon study area. Simi-
larly, Norton et al. (1975) and Hanson and Eberhardt {1976, 1977) report
on the ecological relationships of the inland tundra avifauna near Prudhoe
Bay, approximately 40 km east of Simpson Lagoon.

Migration in the Point Barrow area has been studied by Thompson and
Person (1963), Johnson (1971) and Timson (1976), and Flock (1973) used
DEW radars to obtain a broader perspective of migration in the North Slope
area. Martin (Univ. of Alaska, pers. comm., 1980) conducted coastal bird
migration watches during spring 1979 and has recorded the density of
nesting birds on tundra plots during summer 1979 near Brownlow Point,

Alaska.
Derksen et al. (1977) conducted habitat analyses during 1977 and

reported on waterbird populations at tundra locations in National Petro-
leum Reserve-A, west of the Colville River, Alaska. King (1977) has
reported on aerial surveys of birds on tundra habitats in National Petro-
leum Reserve-A. During July to September 1978 and 1979, Spindler (1978a,
b, 1979) conducted aerial surveys of snow geese and other terrestrial
birds on the coastal plain of northeastern Alaska and conducted aerial
surveys of waterbirds associated with the coastal lagoons adjacent to the
Arctic National Wildlife Range, northeastern Alaska.

Bartels (1973) conducted aerial surveys and presented estimates of
densities of oldsquaws and other waterfowl along a series of nearshore
marine transects in the Prudhoe Bay area of Alaska. Gollop and Richardson
(1974) and LGL (unpublished 1973 data) summarized the results of aerial
surveys of the bays, spits, lagoons and barrier islands located between
Shingle Point, Yukon Territory, and Prudhoe Bay, Alaska, during June
through August 1973. Harrison (1977) conducted aerial surveys offshore
and along the coast of the Alaskan Beaufort Sea during July and August
1976; he presented densities of oldsquaws at several coastal locations

between Barrow and the U.S.-Canada border.
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STUDY AREA

The study area chosen for intensive ornithological investigations was
the Jones Islands-Simpson Lagoon system. For comparative purposes, inter-
mittent investigations were also conducted in adjacent areas during 1977.
During 1978, systematic and more extensive ornithological investigations
were conducted as far west as Atigaru Point and as far east as the U.S.-
Canada border; a less intensive program of similar extent was conducted
during 1979.

The Jones Islands have been defined as all islands, spits and reefs
from Spy Island to Cottle Island (6.4 km2, Fig. 1). During 1978, Thetis
Island, a 1.6 km*gravel and sand island off the Colville Delta and west
of Spy Island, was also included in the study area. The tundra-covered
portions of Pingok, Peat, Bertoncini, Bodfish and Cottle Islands occupy an
area of approximately 3.8 km’and are characterized by poor soils (Everett
1975) and tundra vegetation of low growth form (Spetzman 1959; Wiggins
and Thomas 1962; Nieland and Hok 1975; Webber and Walker 1975). The re-
maining 2.6 km’of island habitat on the Jones Islands, located princi-
pally on Spy, Leavitt and Cottle islands, consists of unvegetated gravel,
sand and silt.

Simpson Lagoon has been defined as that area east of a line from the
west end of Spy Island to Oliktok Point, and west of a line from the east
end of Cottle Island to Beechey Point (Fig. 1). This area occupies ap-
proximately 160 km*, of which approximately 102 km’is at least 1.82 m
(6 ft) deep. The deepest known point in the lagoon, located immediately
off the east end of Spy Island, is 4 m deep. A trough, varying in width
from 0.3 km at the east end of the lagoon to 5 km at the west end of the
lagoon, and varying in depth from 2 to 3 m, runs the length of Simpson
Lagoon. The remaining 58 km’of lagoon area is shallower than 1.82 m;
almost two-thirds of these shallow waters lie along the south shore of
Simpson Lagoon. (Planimetry conducted on U.S. Dept. Commerce, Coast and
Geodetic Survey, Chart No. 9471, 4th edition, May, 1973.)

Also included within the study area is a 32 km x 20m (0.64 km?)
strip of coastline that includes beaches, adjoining spits and adjacent
sand bars along the mainland shoreline between 0liktok Point and Beechey
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Figure 1. Jones Islands-Simpson Lagoon Study Area.




Point. This strip includes most of the driftwood and debris along this
portion of the Beaufort Sea coast.

In order to compare avian use of the barrier island-lagoon study area
with that of immediately adjscent marine and mainland areas, regular sur-
veys were conducted seaward and iandward of the intensive study area. The
marine area was sampled along a 35 km x0.4 km transect parallel to and
about 2 km seaward from the contiguous Jones Islands (Cottle Island to Spy
Island). The mainland area was sampled along a 35 km x 0.4 km transect
located about 4 km inland from the shoreline between 0liktok Point and
Beechey Point (Fig. 1).

During surveys conducted in 1978, 17 additional transects were esta-
blished: 6 were in the shallow waters adjacent to the Colville River delta,
west of Simpson Lagoon; 11 were along the barrier islands and lagoon systems

east of Simpson Lagoon as far as the U.S.-Canada border (Fig. 2).
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METHODS AND RATIONALE OF DATA COLLECTION

Migration Studies

Three major migrations of marine-associated birds occur along the
coast of the Beaufort Sea: spring migration, mid-summer molt migration,
and fall migration. During these migrations, birds usually occur in
flocks and may be both spatially and temporally concentrated in certain
lagoon habitats.

Spring migration in the Beaufort Sea area occurs during a critical
period because at this time there is little open water in normal years.

In nearshore regions the only areas of open water consist of river and
stream water that has flowed out over the landfast ice. Under certain
circumstances, high mortality of marine-associated birds can occur from
natural causes during spring (Barry 1968). A visual and radar study in
the northern Yukon during 1975 has shown that spring migration there is
highly concentrated along the Beaufort Sea coast (Johnson et al. 1975;
Richardson et al. 1975). An oil spill at this time into a natural or
man-made area of open water might kill large numbers of waterbirds.
Hence, we studied spring migration intensively. We monitored migration
by radar in 1977 and by visual methods in both 1977 and 1978. For
comparative purposes, we have included some of our 1975 observations
along the Yukon coast in this report.

The westward molt migration by male seaducks generally occurs during
late June and July. Fewer species and individuals are involved in this
migration than in the spring migration. The numbers of migrants that use
(i.e., land in) nearshore waters around barrier islands and in lagoons are
larger during molt migration than in spring, but nonetheless are still
small .  Most coastal lagoon habitats remain predominantly ice-covered until
early to mid-July, and until that time the main areas of open water avail-
able to molt migrants in nearshore areas are narrow shoreleads and more
extensive areas off the mouths of rivers.

The westward fall migration out of the Beaufort Sea generally involves
more species than does the molt migration, and movements normally occur
on a broader temporal and spatial scale within the coastal Beaufort Sea
area than during either the spring or molt migration. All coastal habitats
are available to most fall migrants.
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Spring Migration

Radar Monitoring During Spring 1977. Radar data were obtained from
the 0liktok Point, Alaska, DEW surveillance radar (70°30°N, 149°53'W).
This radar is located at the southwest corner of Simpson Lagoon, and was
known (Flock 1973) to be suitable for monitoring bird migration. Radar
data were obtained on 18 May and from 26 May to 17 June 1977. The methods
used were virtually identical to those used by Richardson et al. (1975)
to study spring bird migration along part of the Canadian Beaufort Sea

coast.

Time-lapse Film of the Plan Position Indicator (PPI) display was
obtained almost continuously on 18 May and from 26 May to 17 June 1977 at
a rate of one 35 mm frame every antenna revolution. During time-lapse
filming, the PPI displayed an area of radius 74 km (40 n. mi.).

Polaroid photographs of the PPl were obtained during the same dates,
usually three times per day at about 08:00, 16:00 and 22:00 AST. Display
radii of both 74 and 37 km were photographed, and for each of these radii
separate photos of one antenna sweep and 6 sweeps were obtained. When
6-sweep photos were made, the shutter was closed during the fifth sweep.
On these photos each bird echo appeared as a streak, and the polarity of
movement was often evident from the absence of an echo for the fifth
sweep. The main purposes of these photos were to provide “real-time’
radar data and to ensure against total loss of data from any malfunctions
of the time-lapse camera.

Preliminary examination of our films indicated that well-defined
eastward and westward spring migrations were detected consistently, and
that these migrations were evident far inland and far offshore as well
as near the coast. Very few bird echoes moved south (ef. Flock 1973)
or north. Hence, characteristics of east and west movement were recorded
separately from each of five parts of the radar display: (1, 2) 50 and
20 km inland, (3) over the coast and adjacent Simpson Lagoon, and (4, 5)
20 and 50 km north of Oliktok over the frozen Beaufort Sea. Data were
recorded from the time-lapse films at 3-h intervals (00:00, 03:00,

21:20 AST).

For each 3-n interval, the amounts (densities) of east and west
migration in each area were assessed by eye. Migration density was
recorded on the O to 8 ordinal scale (Richardson 1972) used in numerous
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previous radar studies. Reanalysis of data obtained from the Komakuk,
Y.T., DEW radar by Richardson et al. (1975:124) provides calibration for
levels 0-6 of the ordinal scale:

Level O corresponds to O bird echoes per 10 km of front
(measured perpendicular to mean flight direction) per

hour
] 5 + 3 echoes/10 km-h (mean + Sp)
2 14 + 3
3 22+ 4
4 35 + 10
5 834 32
6 204 + 13

Densities 7 and 8 were never encountered during either this or the Komakuk
study. All film analysis in both studies was done by one individual
(W.J. Richardson), thereby maximizing comparability of the results.

Modal flight directions (tracks) of birds moving generally east or
west were estimated (separately) by eye to the nearest 10° for each 3-h
interval . In addition, flight paths of individual echoes were occasionally
traced from the time-lapse film for detailed analysis of flight directions

and routes,

Visual Migration Watches During Spring 1977. Daily visual migration
watches were conducted from 17 May to 15 June 1977 at Oliktok Point, and
from 6 to 14 June at two sites on Pingok Island, both located 12 km NE of
Oliktok. At each site, one observer conducted watches on a regular

schedule. On most days, watches were conducted for three 2-h periods,
usually 09:00-11:00, 13:00-15:00 and 19:00-21:00 AST. Field procedures
are described by Johnson et al. (1975). Briefly, for each individual
or group seen, we recorded the number, time, age and sex composition (if
determinable), direction, height, distance from shore, behavior (flying,
sitting, circling, landing, etc.), habitat, and “migrant status®. The
last of these variables was our assessment of whether the bird was actively
migrating, possibly migrating, or engaged in a local activity (sitting,
local flying, etc.). All data were dictated into tape recorders in the
field and later transcribed onto coding forms for computer processing.
At Oliktok Point, the migration watch was conducted from the top of
a fuel storage tank from a level about 7 m above sea level (ASL). This
location afforded good visibility on all azimuths except 205°-2250 where
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buildings and radar apparatus about 1.6 km away partially obstructed
visibility. The lagoon surface was frozen and smooth, but after 8 June
much of the lagoon ice was covered by runoff water from streams to the
east. To facilitate estimation of distances of birds, stakes were
positioned at 500 yard (457 m) intervals from 500 to 3000 yd north of the
end of 01iktok Point. Binoculars (9x or 10x) and spotting telescopes
(20-45 x Zoom) were used. On clear days flying birds could often be de-
tected and classified at least to major taxonomic category (i.e., loon,
waterfowl, gull, etc.) at distances as great as 6 km, which is the distance
from 0liktok Point north to Spy Island.

The two migration watch stations on Pingok Island were located at
the extreme western end of the tundra-covered portion of the island.
One post was situated on the southwest shore and the other about 6 m ASL
atop a building located some 40 m south from the north shore. The observer
at the northern post recorded movements seaward of the barrier islands.
Rough ice and pressure ridges obstructed visibility of low-flying birds
beyond about 3 km seaward. The observer at the southern post recorded
movements lagoonward of the island. The southern post was approximately
300 m south of the northern post, and although this post was not elevated,
the lagoon surface was smooth and visibility was unobstructed to the main-

land coast, approximately 7 km to the south.

Visual Migration Watches During Spring 1978. A twice-daily schedule
of watches was established during the period 6 to 25 June 1978. The
watches were conducted from a platform approximately 6 m ASL atop a building
located approximately 1.5 km southeast of the tip of Milne Pt. and 50 m
inland--midway along the south shore of Simpson Lagoon. Procedures were

the same as those in spring 1977.
During both years, for purposes of analysis, active migrants were
separated from local residents and “status uncertain’ birds on the basis

of the “migrant status’ and behavior codes recorded in the field. In
general, only birds that were in sustained flight and that maintained an

eastward (30°-1500) or westward (210°-3300) course were treated as

migrants.
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Mid-Summer Molt Migration

Data concerning the mid-summer molt migration of male seaducks
(o1dsquaws, scoters, common and king eiders) were collected visually on
many of the days from 26 June to 28 July during both 1977 and 1978.
Radar was not used.

During 1977, it was not possible to maintain a rigid daily schedule
of migration watches. The amount of time devoted to systematic migration
watches depended on the weather (if fog was present throughout the study
area, no watches were conducted), other duties of higher priority, and
the apparent volume of bird migration. One observer used the elevated
north post on Pingok Island (as described above). He recorded all birds
seen regardless of whether they flew over the islands, lagoon or sea.
Watches were most commonly conducted between 08:00 and 10:00 AST and
between 20:00 and 22:00 AST. When weather permitted and especially when
the volume of migration was high, longer and more frequent watches were
conducted. Periods when watches were conducted are listed below:

Date Number of Hours Time (AST)
June 26 2.5 09:30-11:00; 19:30-20:30*
July 2 3.75 14:00-15:00*%; 16:00-17:00*; 18:15-19:00;
20:00-21:00
3 6 08:00-09:00; 10:00-11:005 12:00-13:00;

14:00-15:00; 17:00-18:00; 20:00-21:00*

4 5 08:00-09:00; 10:00-11:00; 12:00-13:00;
14:00-15:003 17:00-18:00%
7 1 08:45-09:45
12 2 20:15-22:15
13 2 08:15-10:15
14 2 08:15-10:15
15 4 08:00-10:00; 20:00-22:00
20 2 20:00-22:00
21 2 08:20-10:20
22 2 20:45-22:45
23 3 08:35-10:35; 20:30-21:30
24 2.5 09:00-10:00; 20:30-22:00
25 1 08:50-10:50

*Visibility <3 km during this watch.
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During 1978, the systematic schedule of visual watches established
during spring was maintained until 28 July except during the peak of the
molt migration. During this peak period (3 to 7 July), watches were con-
ducted during fog free periods on alternate hours from 07:00 to 23:00 AST.

During the mid-summer period in both 1977 and 1978, all flocks or
aggregations of birds seen during other research activities were recorded
and included in some analyses of molt migration. Observations during
systematic watches were recorded on tape recorders; additional observa-
tions were recorded in notebooks and also coded for keypunching. Definite
or probable migrants were separated from local residents on the basis of
the same behavioral criteria as in spring.

Certain observations of molt migration along the Yukon coast have been
summarized, for comparative purposes, in this report. These data were ob-
tained during previous studies by Gollop and Davis (1974) in 1972 and by
Johnson et al. (1975) in 1975.

Fall Migration

During 1977, data concerning “fall” migration were collected from 21
August to 22 September. Radar was not used. Watches were conducted by
one observer from the elevated north post on Pingok Island using the same
procedures as used during molt migration. Migration watches were usually
conducted within the periods 07:00 to 11:00 and/or 15:00 to 17:00 AST.

During 1978, incidental observations concerning “fall” migration were
collected intermittently from 1 August to 15 October. Radar was not used
and systematic migration watches were not conducted. All flocks of birds
and other apparent migrants observed during the course of other research
activities were recorded in notebooks, coded for keypunching, and included

in the analysis of fall migration.

Nesting Studies

Both Gavin (1976) and Divoky (1978b) have presented estimates, based
on primarily non-quantitative methods, of the numbers of waterbirds
nesting on the Jones Islands. An accurate assessment of numbers of birds

nesting on barrier island habitats can only be made by establishing and
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thoroughly searching plots or by systematically searching all available
nesting habitats. Because of the large amount of tundra habitat available
on Pingok Island (see “Study Area”), two large plots were established dutring
1977 on tundra portions of this island. The total area of all the other
barrier islands was completely surveyed during 1977. One of these plots

on Pingok Island was re-established during 1978 and a comparative plot

on the mainland tundra was established. In general, nesting surveys on
barrier islands during 1978 were less extensive than during %977, and were
designed to monitor specific barrierisland habitats at specific locations.

Survey Methods

On 16-20 June 1977 two tundra plots, one covering 0.63 km? (Plot 1)}
and another covering 0.30 km’ (Plot 2), were established on Pingok Island
(Fig. 1). A compass and 100 m steel tape were used to measure and stake
100 m intervals within the plots. Between 20 June and 20 July 1977, these
two island tundra plots were surveyed for nesting birds twice, and all
tundra habitats on Peat, Bertoncini, Bodfish and Cottle Islands (total
area 0.87 km*) were surveyed for nesting birds once. During surveys,
two or three observers flushed birds from their nests by dragging a 50 m
length of rope perpendicular to the direction of their movement across
the tundra. Most birds flushed in advance of the oncoming rope, although
some did not flush until the rope passed over them.

On 24 to 27 June 1978, Plot 2 (0,30 km®) on Pingok Island was re-
established and an additional comparative plot covering 0.25 km*(Plot 3)
was established on the mainland tundra near Milne Pt. (Fig. 1). Between
24 June and 12 July 1978, both of these plots were surveyed twice by
three observers using a rope drag as described above. Plot 1 on Pingok
Island and the tundra portions of the other barrier islands were not
surveyed during 1978.

From 21 to 24 June 1977, the locations and numbers of all terri-
torial males (Hd?ﬂ of all species of birds seen on Plots 1 and 2 on
Pingok Island were recorded. Similar data concerning territorial wmales
on Plots 2 and 3 during 1978 were not recorded.

During 1 to 7 July 1977, the 2.6 km’of barrier island habitat
covered by gravel, sand and silt was surveyed by searching all the

driftwood rows and piles of debris where, in the Beaufort Sea area,
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species such as common eiders, glaucous gulls and arctic terns may nest
(Schamel 1974; Divoky 1978 b). During 1978, such surveys of gravel and
sand islands were conducted during 1 to 3 July and were restricted to

Spy Island (1.5 km?) and adjacent Thetis Island (1.6 km?). Thetis Island
was not surveyed in 1977. Birds nesting on Spy Island traditionally have
suffered predation by Arctic foxes (J.W. Helmericks, pers. comm. 1977;
Divoky 1978b; Johnson 1978). In contrast, Arctic foxes have seldom been
recorded on Thetis Island.

When an active nest (a nest with at least one egg or young) was
discovered, its position was mapped and a stake was placed at a given
distance and direction from the nest. The stake was labelled, colored
flagging tape was attached, and the following information was recorded:

1. The presence or absence and behavior of any adult birds
near the nest.

2. The number of eggs and/or young present in or near the
nest.

3. A description of the substrate, nest material and cover
near the nest.

4. Any evidence of predation or recent activity or predators
near the nest site.

Nests constructed during previous years, destroyed nests and partially
completed nests (including nest scrapes) were also recorded, and their

positions mapped.

Molting and Pre-Migratory Staging Studies

Most waterfowl undergo a SUMIEr molt during which they gradually
replace their contour feathers and simultaneously lose all of their flight
feathers. Seaducks (primarily post-breeding males and some females)
migrate along specific traditional routes to specific locations where
they concentrate into flocks and undergo this molt (Salomonsen 1968).

Hall (1975) and Gavin (1976) have previously suggested that Simpson Lagoon
may be an important summer molting area for oldsquaws, and Bartonek (1969),
Bartels (1973), Schweinsburg (1974a) and Divoky (1978b) have suggested that
the barrier island-lagoon systems along the Alaskan Beaufort Sea coast
are important summer molting and post-breeding concentration areas for

seaducks--primarily oldsquaws.
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After they leave their tundra rearing areas and before they migrate
out of the Beau fort Sea area, immatures of certain species of shorebirds
also concentrate into large feeding flocks along the coastline. Connors
and Risebrough (1976, 1977) and Connors et al. (1978) have indicated that
coastal locations in the western portion of the Beaufort Sea are important
concentration areas for immature phalaropes. This process of pre-migratory
concentration is called “staging”. Any species (in this study, primarily
oldsquaws, phalaropes, glaucous gulls and arctic terns) that was not molting
and that was concentrated for a significant period of time in the Jones
Islands-Simpson Lagoon study area and in the adjacent barrier island-
lagoon systems was considered to be staging.

Specific survey programs and methods were designed to quantify
efficiently and accurately the abundance and distribution of molting
and staging birds in the study area.

Aerial surveys provide a method for rapidly and systematically
recording numbers and distributions of medium-sized and large birds,
such as oldsquaws, gulls, terns and loons, in a wide area. The aerial
method is applicable over land, water and ice.

Shoreline surveys from small boats were used to record numbers and
distributions of small shoreline-associated birds such as phalaropes,
sandpipers and plovers. Gulls and terns, which also may associate with
shorelines, especially when feeding, were also recorded during boat surveys.
Hence, large species of shoreline-associated birds such as gulls and terns
were surveyed equally well from both aircraft and boats. Those large birds
associated with open water areas away from shorelines were surveyed best

from aircraft.

Aerial Surveys During 1977 and 1978

Aerial surveys were conducted on seven occasions during 1977 (5 June
to 22 September; Appendix 1), on ten occasions during 1978 (23 June to
23 September; Appendix 11) and on four occasions during 1979 (22 June to
23 September; Appendix I11). Each survey consisted of one flight along
each of five to 22 permanent transect strips, each located in a specific
type of habitat (Table 1). During 1977, only transects located in the
Jones Islands-Simpson Lagoon area (transects 1-5) were surveyed. In order
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Table 1. Aerial survey transect descriptions, Beaufort Sea, Alaska, 1977-1979*.
Transect Transect Habitat
Number Length (km) Type Location
1 35.4 Offshore Marine 1.6 km seaward of the Jones lIslands, E to W
2 37.0 Lagoon - south shore} ine From W end Spy Is. , E to E end Cottle Is.
of Barrier Islands
3 30.6 Mid-lagoon From Beechey Pt., W to 01 iktok Pt.
a 32.2 Lagoon - Mainland Shorel ine From Qliktok Pt. , E to Beechey Pt.
5 33.8 Mainland tundra 4 km inland from Simpson Lagoon, E to W.
6 13.8 Mid-lagoon Harrison Bay from 6 km S of 01 iktok Pt., NW
to Thetis Is.
7 16.1 Mid-lagoon Harrison Bay, from Thetis Is. , SW to
Anachlik 1s.
8 56.3 Unprotected 8ay Harrison 8ay, from Thetis Is., W to
Ati garu Pt.
9 30.3 Unprotected Bay Harrison Bay, f rom Atigaru Pt., SE to E
side of Colville R. delta.
10 35.1 River Delta From E side of Colville R. delta to W side
of mouth of Kupigruak channel .
11 12.1 Mid-1 agoon From W side of mouth of Kupigruak channel ,
NE to Thetis Is.
12 34.8 Lagoon - south shoreline From E end Cottle Is. to E end Stump Is., E
of Barrier Islands and across Prudhoe Bay to Heald Pt.
Protected Bay
13.1 16.4 Semi -protected Sound From Heald Pt., NW across Stefansson Sound
to Reindeer Is.
13.2 123.9 Lagoon - south shoreline From W end Reindeer Is. , ESE to Brownlow Pt.
of 8arrier Islands
14 87.7 Lagoon - south shoreline From BrownTow Pt., ENE to W end Arey Is.
of Barrier Islands
15 152.1 Lagoon - south shoreline From W end Arey Is., ESE to E end Demarcation
of Barrier Islands Bay or to US-Canada Border.
16 144.7 Mid-lagoon From US-Canada Border or E end Demarcation Bay,
WNW to W end Arey Is.
17 86.1 Mid-lagoon From W end Arey Is., WNW to Brownlow Pt.
18 81.3 Mid-lagoon From Brownlow Pt., W to Pt. Brewer.
19 17.4 River Del ta From Pt. Brower, W to Heal d Pt.
2 6.4 Mainland Shoreline From Heald Pt., S to East Dock Prudhoe 8ay.
21 37.9 Mid-lagoon From East Oock Prudhoe Bay, W to Beechey Pt.

*Transects 1-5 1 ie within the Jones Islands-Simpson Lagoon intensive study area and these transects were

surveyed during 1977, 1978 and 1979.

The remaining transects 1 ie to the east and west of the intensive

study area and were surveyed only during 1978 and 1979 (see Fig. 2A-G).
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to assess the validity of classifying the Jones Islands-Simpson Lagoon

study area as a representative of the extensive barrier island-lagoon
systems along the Alaskan Beaufort Sea coast, 16 additional transects were
established during 1978 at locations both east and west of Simpson Lagoon
and they were systematically surveyed. In 1978 and 1979, each single

aerial survey consisted of flights along 12 to 22 and 12 to 20, respectively,
different transects.

During the survey of the barrier island transects (Transect 2) in
1977, the aircraft was positioned directly over the center of the islands
where they were narrower than the 400 m-wide transect strip. Along those
portions of the islands that were wider than 400 m, the aircraft was maneu-
vered to a position 100 m lagoonward (south) of the south shoreline of
the island. When surveying the mainland coast the aircraft was positioned
100 m lagoonward (north) of the mainland shoreline (see Appendix I1V).

During the surveys of barrier islands and mainland coasts in 1978
and 1979, the aircraft was positioned 200 m lagoonward of the shorelines.
The descriptions of all aerial survey transects are given in Table 1.

Aircraft flight procedures were standardized to the greatest extent
possible. However, because it was necessary to use three different types
of aircraft during 1977 and two different types during 1978, including
both fixed- and rotary-wing aircraft, variations in flight speed, observer
visibility and aircraft seating positions were unavoidable. All surveys
in 1979 were conducted from a Cessna 206 fixed-wing aircraft.

Except for the 28-29 July 1977 survey, each survey during 1977 was
conducted using a single aircraft on a single day (Appendix k). The 28-29
July 1977 survey was conducted over a two-day period and two different
types of aircraft were used. A fTloat-equipped aircraft was unavailable
on 15 August 1977, so transects over open water were not surveyed on that
date. During 1978, a fixed-wing aircraft was used for all aerial surveys
except the survey on 15 July when a helicopter was used. During 1978,
only the extensive surveys conducted on 5-6 August and 5-6 September
required more than one day for completion (Appendix Il1). During 1979,
two surveys were completed in a single day and two were completed over
a 2-day period (see Appendix IIl1). During all surveys, both observers
recorded into portable tape recorders all birds seen on-transect
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(5200 m from aircraft) and off-transect (>200 m from aircraft). The
information recorded was of four types: (1) systematic information about
the transect, (2) systematic information about each bird sighting,
(3) systematic information about the habitats below the aircraft at
2-rein intervals, and (4) general remarks. All information except general
remarks was numerically coded when transcribed later onto data forms.
All transects were divided into 2-rein intervals using a timing device.
The timer was reset to zero at the start of each transect and it produced
a sound audible to both observers at 2-rein intervals. The general habitat
type found within each 2-rein interval was recorded by both observers,
and the interval-number in which each bird was seen was recorded.

When counts by both observers were combined, it was possible to

calculate an estimate of the density of birds per square kilometer.

Shoreline Transects

Shoreline transects were designed primarily to measure the distribution
and abundance of shorebirds, gulls and terns along the three types of
beaches common in the study area. During the third week of July 1977
15 shoreline transects were established. Five transects were located
along seaward shorelines of the barrier islands, five along lagoonward
shorelines of the islands, and five along mainland shorelines (see Fig. 1).
Each transect was 1.0 km long and 20m wide (0.02 km?). The start and end
points of each transect were permanently marked by driving 2.5 m pipes
approximately 0.5 m into the beach substrate approximately 10 m from the
shoreline.

During 1977, each of these shoreline transects was surveyed on 1, 16
and 24 August, and on 1 and 14 September. During 1978, these 15 shoreline
transects were surveyed at 5-day intervals from 31 July to 3 September.
Another shoreline transect, established along a iagoonward beach on the
west end of Pingok Island (Fig. 1), was 1.2 km long by approximately 20 m
wide and was surveyed more frequently--18 times from 2 August to 18
September 1977 and 16 times from 2 August to 3 September 1978.

During each survey, all 15 permanent transects were surveyed within
one 8-h period with the aid of binoculars from a boat moving parallel to

the transect. The boat was positioned approximately 50 m from the outer
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edge of the transect, and did not appear to disturb shorebirds along the
shoreline. During the 1977 surveys, one observer operated the boat while
a second systematically recorded data into a portable tape recorder,
During 1978, a single observer conducted most of the shoreline surveys.
The following information was recorded about each transect and any birds
sighted:

1. The date, transect number, observers, start and end time
of the survey, weather and water conditions, and direction
of travel.

2. The number of individuals of each bird species present
on-transect (within 10 m of the shoreline) or off-transect
(greater than 10 m from the shoreline).

3. The estimated distance of each bird or group of birds
from the shoreline, and whether the birds were sighted
on the beach or in the water.

4. The behavior of each bird or group of birds sighted on-
transect or off-transect.

Feeding Studies

Studies of the feeding ecology of marine birds provide a key link in
the interpretation of relationships among physical parameters, biological
productivity, and distribution and abundance of marine birds in barrier
island-lagoon systems. Specific questions regarding the age, sex, stage
of molt, physical condition and identity of food organisms consumed by
birds during the various stages of bird abundance and lagoon productivity
can be answered only by collecting birds.

The primary purpose of the avian feeding ecology studies was to
determine which food organisms comprised the important proportions of
the diets of those species of birds most widely distributed and most
abundant in the study area. During 1977 the key avian species were
(1) oldsquaws, (2) red and northern phalaropes (generally treated as a
single group), and (3) glaucous gulls. During 1978, only oldsquaws and
the phalaropes were treated as key species. We chose a qualitative method
(see Hynes 1950 and Griffiths et al. 1975) for assessing the relative
importance of food taxa found in bird stomachs and in bird feeding habitats

during 1977 and 1978 because this method combined the following advantages:
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1. It is efficient and relatively accurate in estimating the
relative importance of particular food taxa.

2. It is easily used under field conditions and requires no
special apparatus for measurement of organisms.

3. It does not give the potentially misleading impression
of accuracy given by some other methods that measure
stomach contents more precisely but make no better allow-
ance for sampling problems and differential digestion
rates.

During both 1977 and 1978, comparisons were made of the diet of oldsquaws
as determined by the qualitative Hynes point method and by more quantitative

methods of measurement.

Collections of Birds and Habitat Samples

From 17 June to 19 September 1977, 210 specimens of four avian species
(oldsquaw, red and northern phal aropes, and glaucous gul 1 ) were obtained
in the Simpson Lagoon-Jones Islands area. During the last two weeks of
June 1977, seven oldsquaws were accidentally caught in gill nets set as
part of the aquatic biology investigations; the stomach contents of these
birds were retained. The remaining 203 specimens were collected with a
shotgun during the 11 July to 19 September 1977 period.

Samples of potential food organisms, hereafter referred to as habitat
samples, were collected from the precise habitats in which birds were
feeding when they were shot. These habitat samples were collected im-
mediately after we collected the birds.

Between 28 June and 23 September 1978, 168 additional specimens of
three avian species (oldsquaws and red and northern phalaropes) were
collected in the Simpson Lagoon-Jones Islands area (glaucous gulls were
not collected during 1978). On 28 June 1978, one oldsquaw was accidentally
caught ina gill net; the stomach contents of this bird were retained.

The remaining 167 specimens were collected with shotguns during the 10 July
to 23 September 1978 period.

During 1979, 12 oldsquaws were collected opportunistically in associa-
tion with the aerial survey program. On 1 September an immature male was
collected from a brood of five accompanied by a flightless female on a
lake 16 km inland from Simpson Lagoon. On that same date five flightless

adult females were collected on another large tundra lake approximately
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24 km inland from Simpson Lagoon. On 2 September five adult male oldsquaws
were collected in the embayment along the south shoreline of Thetis Island;

on 23 September an adult female was collected at this same location.

Oldsquaw. During 1977, 31 collections (excluding those caught in
gill nets) of oldsquaws (mean=2.6 birds/collection) were made in Simpson
Lagoon during the period 11 July to 14 September; the average depth where
77 of the 90 oldsquaws were collected was 2.09 m + 1.55 m.* During 1978,
45 collections of oldsquaws (mean=2.4 birds/collection) were made in
Simpson Lagoon during the period 10 July to 27 September; the average
depth where 108 of the 109 oldsquaws were collected was 2.05 + 1.60 m.

The general procedures followed for collecting oldsquaws and oldsquaw
feeding habitat samples during 1977 were the following:

1. A flock of oldsquaws was located and watched briefly to
determine whether some birds appeared to be feeding
(diving). An estimate was made of the size of the flock.

2. Observers then sped into the flock, dropped an anchored
buoy as the boat slowed, and collected as many birds as
possible.

3. Birds were retrieved and labelled. To mitigate post-
mortem digestion of any food items, the gut (proventri-
culus and ventriculus) and esophagus of each dead bird
were injected with absolute isopropyl alchohol. The
esophagus of each bird was then plugged with a paper wad.

4. Habitat sampling was initiated after the collecting party
returned to the buoy.

a. For each set of birds collected, two quantitative
samples were obtained, one from the surface-water
and another from the mid-water portions of the
lagoon. This was accomplished by towing both a
surface-supported neuston net and a submerged (1 m
deep) macroplankton net (see Griffiths and Craig
[1978] and Griffiths and Dillinger [1980] for more
details).

h. For each set of birds collected, one qualitative
sample from the lagoon epibenthos was collected.
From a stationary boat in the area of the buoy,

a macroplankton net was manually towed across the
bottom of the lagoon for a distance of approximately
10 m and at a speed of approximately 0.5-1.0 m/s.

*All such values in this report are means * standard deviations.
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c. Habitat samples were immediately washed from the
sampling nets into double-labelled 227-ml (8 o0z)
bottles and preserved in 10% neutral formalin.

During 1978, the same general procedures as during 1977 were followed
for collecting oldsquaws except that, prior to making collections, some
flocks of birds were watched more carefully and over a longer period of
time than during 1977 to determine whether they appeared to be feeding
(diving),

Also during 1978, habitat sampling procedures were different from
those followed in 1977. No samples were taken from either the surface
water or midwater layers of the lagoon at locations where oldsquaws were
collected, but a quantitative method of sampling invertebrates from the
epibenthos using a drop net was adopted (see Griffiths and Dillinger

[1980] for more details).

Phalaropes and Glaucous Gull. Visual observations made during shore-

line and aerial surveys indicated that during 1977 and 1978 phalaropes

and glaucous gulls fed almost exclusively in shallow areas (<1 m deep)
along shorelines and in bays. Therefore phalaropes (during 1977 and 1978)
and glaucous gulls (during 1977), and associated feeding habitat samples,
were collected in these shallow areas.

Phalaropes are very tame birds and large flocks were easily approached
on. foot as they fed along shorelines. They were collected while they fed
and the post-mortem handling procedures were the same as those described
for oldsquaws.

The glaucous gulls were initially considered to be a key species;
therefore glaucous gulls and their feeding habitats were systematically
sampled during 1977--28 glaucous gulls were collected during 1977.

However, the 1977 studies indicated that glaucous gulls, by criteria
established during the course of the Barrier Island-Lagoon Program, were

not key species and that further collections and associated habitat

sampling during 1978 were not justified. Glaucous gulls fed either

singly or in loose aggregations during 1977; they were not easily approached
on foot. We watched from a boat offshore to ascertain whether they ap-
peared to be feeding--if they were, we approached as quickly as possible

from a speeding boat. The exact location where the bird was feeding was
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visually noted as we approached. If a bird was collected, the same pro-
cedures described for the post-mortem handling of oldsquaws were applied.
During 1977, a single quantitative habitat sample was collected
with a surface-supported neuston net at each shallow location where
phalaropes or glaucous gulls were collected. The net was attached by a
line to a 3-m pole and was towed manually from shore for approximately
50 m at an approximate speed of 1 to 1.5 m/s through waters about 1.5 m
from shore and that varied in depth from 10 cm to 1 m. During 1978,
identical equipment was used to sample phalarope feeding habitats;
however, slightly different procedures were followed. Rather than take
one sample along a 50 m stretch of shoreline, we took three samples,
each of length 10 m, along three stretches of shoreline where the birds
were feeding. Habitat samples were treated as described for oldsquaws.

Laboratory Techniques

Within 24 hours of collection all birds were dissected and food
items found in the esophagi and guts (proventriculi and ventriculi) were
preserved. The following procedures for measurement and dissection of
birds were followed:

1. The flattened length of the right wing of each bird was
measured (accurate within + 0.5 mm) and the weight of
each bird (accurate within 1 g) was determined using a
Pesola spring balance.

2. The condition of the plumage and the stage of molt were
recorded.

3. The amounts of subcutaneous and abdominal mesenteric fat
were subjectively classified according to the OCS fat
code: 1=none; 2=1ight; 3=moderate; 4=heavy; 5=excessively
heavy. The thickness of subcutaneous fat present at a
standard location on the right side of the breast of each
bird was measured to the nearest 0.5 mm.

4. The sex organs of each bird were removed, measured and
stored in Bouin's fixative solution. In females, the
diameter of the largest ovum was measured to the nearest
0.5 mm. In males, the length and width of each testis
were measured to the nearest 0.5 mm.

5. The esophagus and gut were removed as a single unit from
each bird. During 1978, this unit was slit lengthwise,
an arbitrary measure of fullness (Hynes 1950 and Griffiths
et al. 1975; see below) was assigned to the total unit in
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the field, and a cursory and tentative description of the
contents was recorded. These contents were then washed
with 10% neutral formalin into a 227-ml double-Tabelled
bottle. During 1977, no measure of fullness was assigned
in the field, but all other procedures were the same.
Because of the small size of food items consumed by
phalaropes and because some food items were difficult to
wash from their esophagi and guts, these organs were pre-

served also.

To assess and compare the importances of various food taxa in the
diet of each of the key bird species during both 1977 and 1978, laboratory
analysis of the stomach contents of each bird was necessary. During both
years the preserved stomach contents and feeding habitat samples were
sorted and an estimate was made of the relative volume of each major
taxon (e.g., amphipod, mysid, copepod, isopod, etc.) by assigning points
(Hynes 1950; Griffiths et al. 1975). Our laboratory method for assigning
points differed in one major respect from the modified Hynes point method
used in the field during 1978 and described by Griffiths et al. (1975).
In the laboratory we assessed the total volume of the stomach contents
after instead of before they had been removed from the stomach and bottled.

Twenty points were assigned to the fullest stomach analyzed of a
particular species of bird. The fullness of each additional stomach from
that species was subsequently gauged against the fullest stomach and a
corresponding number of points was assigned. After the sample had been
sorted, and after each major taxon had been bottled, the total number of
points thus assigned to each stomach was partitioned among the major
invertebrate taxa present according to the relative volume of each. No
distinction was made between whole organisms and fractions thereof.
Pieces of unidentified organisms were classified as such.

As noted above, feeding habitat samples for oldsquaws during 1977
were collected using three different types of sampling techniques, each
designed to sample a different stratum of lagoon water. Two of these
techniques used during 1977 were quantitative and the third (the epi-
benthic tow) was qualitative. In 1978 only epibenthic sampling was
conducted and a quantitative method was adopted. Habitat samples for
gulls and phalaropes during 1977 and for phalaropes during 1978 were
collected by yet another method. Therefore, volumes of materials sampled

using the various methods were not directly comparable either between
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years or between species, and only relative volumes of different taxa
were considered.

Each habitat sample was sorted and bottled by major taxon. Twenty
points were assigned to the total volume of each sample and then approp-
riate proportions of the total 20 points were assigned to the various
major taxa in the sample. During 1977, the two most important taxa
(mysids and amphipods) present in the stomachs and habitat samples of
key bird species were further sorted, identified to the species level
and weighed (formalin wet weight). For a size comparison, mysids and
amphipods (20 individuals each) were randomly selected from each oldsquaw
stomach, and from each oldsquaw habitat sample taken during 1977; these
individuals were measured to the nearest millimeter. During 1978, a
much more detailed system of sorting and measuring was adopted; all taxa
present in the stomachs and habitat samples of key bird species were sorted
to major taxa, identified to the species level, counted and weighed.
(Length of the telson plus first urosome was also measured.) Further
details of the sorting, counting, weighing and measuring procedures
followed during 1977 and 1978 are described in Griffiths and Dillinger
(1980).
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MIGRATION STUDIES
Results

Spring Migration

Seasonal Timing. Previous observations in the Beaufort Sea area have

shown that a few species of waterbirds (most notably common and king eiders
plus glaucous gulls) migrate eastward through the area throughout much of
May and into June (Johnson et al. 1975; Searing et al. 1975). However,
peak spring migration of most species is from late May to mid June.

The Oliktok radar showed a few westbound but no eastbound migrants
on 18 May 1977. No radar data were available on 19-25 May. Migration in
both directions became increasingly prominent in the last week of May, and
from 1 to 17 June the radar showed much migration in both directions
(Fig. 3, 4). At least a few eastbound migrants were evident on the radar
during every half-day interval from 26 May to 17 June, and at least a
few westbound migrants on almost all occasions. Both eastbound
and westbound migrants were evident far inland and offshore, as'well as
near the coast, throughout the late May to mid-June period (Fig. 3, 4).
Despite the fact that less migration was visible to ground observers in
mid-June than during 1-10 June (see below), radar showed only a slight
reduction in eastward migration and no obvious reduction in westward mi-
gration. Most of these results are very similar to those obtained 375 km
to the ESE along the Yukon coast in spring 1975 (Richardson et al. 1975).
There both eastward and westward movements were conspicuous on radar until
the study ended in early July.

For each species seen during the spring migrations of 1977 and 1978,
dates of fTirst observation (1977) and peak abundance (both years) are
listed in Table 2. The results from 1977 are more comprehensive because
observations began earlier (17 May 1977, 6 June 1978) and because obser-
vations were made from Pingok Island as well as the mainland shore during
6-14 June 1978. Hourly rates of eastward and westward migration of the
common waterbird species are shown for each 5-day period in Figures 5-7.

Eastbound glaucous gulls were the only migrant waterbirds that were
common in the Simpson Lagoon area in mid-May 1977, although a few white-
fronted geese had arrived by then. No eiders were seen until 30 May
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Figure 3.
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Figure 4.
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Table 2. Birds recorded during migration watches In spring 1977 at oiiktok Point and Pingok Island and in spring 1978 at Milne Point,
Alaska. (Revised; supersedes Table 5 of Johnson 1979).

Spec 1 es

Yellow-billed Loon
Arctic Loon
Red-throated Loon
Unidentified Loons

Whistling Swan

Brant

Lesser Snow Goose
White-fronted Goose
Canada Goose
Unidentified Dark Goose
Unidentified Geese

Mat lard

Pintail

American Wigeon
Green-winged Teal
Shoveler

Oldsquaw

Steller's Eider
Spectacle Eider
Common Eider

King Elder
Unidentified Eiders

Red-br. + Unids Mergansers

First Approximate Periods of Peak Predominant Peak Migration
Observed® Number Seen’ Abundance Migration Direction® Rate (#Birds/h)’

(1977) (1977) (1978) (1977) (1978) (1977) (1978)  (1977) (1978)

3 Ju % () @) 3-9 Ju E 0.8

9 Ju 39 (52) 21 (80) 9-13 Ju 16-18 Ju E E 1.5 2.3

9 Ju 25 (28) 2 9) 9-13 Ju 21 Ju E E 0.9 0.4

2 Ju 289 (313) 32 67) 3-13 W 16-19 Ju E E 4.5 4.0
31 Ma (16) (6)

31 Ma 592 (1018) 329 (2707) 9-14 Ju 11 Ju E E 14.8 164.5
10 Ju 9 @ ast  10-11 E 0.7
17 Va - (208) 7 (45) 18-19 Ju L W 1.0

5 Ju ) 85 (85 18 W W 21.3

3 Ju 256 (284) 38 (126) 5-10 Ju 20 du E W 14.3 15.0

3 Ju 322 (353) ©) 11-13 Ju

2 Ju %) )

1 Ju - (1608) 37 (89) 5-12 9-15 Ju L?

7 Ju ® ) 7-10 Ju

1 Ju ©)) )

5 Ju ® )

28 Ma 2409 (3627) 396 (2252) 2-10 Ju 19-20 Ju E E 178.3 69.8

4 Ju ) )

6 Ju 18 (28) 2 @) 9-10 Ju 9 Ju E E 0.7 0.5
30 Ma 740 (979) 2 () 4-10 Ju 24 JU° E we 27.0 4.0°
30 Ma 490 (943) 15 (117) 7-13 Ju 21 Jv E we 13.4 3.3¢

2 Ju 286 (404) 70 (252) 9-14 W 19-20 Ju E E 6.8 10.0
10 Ju (1) ) 20 Ju
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Spec ies

Unidentified Diving Ducks
Unidentified Ducks
Unidentified Waterfowl
Rough-legged Hawk

Willow Ptarmigan

Rock Ptarmigan

Black-bellied Piover
American Golden Plover
Killdeer

Unidentified Plovers

Ruddy Turnstone

Common Snipe
Rufous-necked Sandpiper
Pectoral Sandpiper
Baird's Sandpiper
Buff-breasted Sandpiper
Dual in

Sanderl!ing

Semipalmated Sandpiper
Red Phalarope

Northern Phalarope
Unidentified Phalaropes
Unidentified Shorebirds

First Approximate

Observed® Number Seen’
(1977) (1977 (1978)
14 530 (708) 60 (80)
31 Ma i032 (1535) 50 (89)
5 du i66 (295) - ()
6 Ju ) - ()
18 Ma m - ()
28 Ma ) - ()
1 Ju 6 (7) - ()
29 Ma 2 (19 4 (7
12 Ju (i) - ()
2 Ju i © - ()
24 Ma 32 (48) - (6)
24 Ma ®) - ()
2 Ju @) - ()
6 Ju 13 (37 - @
31 Me 26 (934) - 3
) - (2D)
29 Ma 18 (22 - @
(-) - ()
1 8 ® -3
3 Ju 48 (103) 4 (17)
5 Ju () 2 (5)
12 ) - (1)
29 Ma 84 (136) - (19)

Perlods of Peak

Predominant

Peak Migration

Abundance Migration Direction® Rate (#Birds/h)’
(1977) (1978) (1977) (1978) (1977) (1978)
1-11 24 Ju E w 27.8 20.0
1-11 Ju 22 Ju E ] 84*5 8.3
5-9 Ju E 14.1
L
L
1 W L
29 Ma-3 Ju 19 W L E 1.0
29 Ma-9 Ju - L L
7-12 L L
3-7 Ju L L
L
3-12 Ju L L
L
3 Ju L L
8-12 Ju 16-19 Ju E w 1.7 0.7
12-14 Ju 18 W
29 Ma-1i Ju E L 2.6

. escontinued
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Species

Pomarine Jaeger
Parasitic Jaeger
Long-tailed Jaeger
Unidentified Jaegers

Glaucous Gul'l
Herring/Thayer's Gul |
Mew Gull

Sabine's Gull
Black-legged Kittiwake
Unidentified Gulls

Arctic Tern

Snowy Owl

Short-eared Owl
Horned Lark
Unidentified Swallows
Black-billed Magpie
Common Raven

Savannah Sparrow
White-crowned Sparrow
Dark-eyed Junco
Unidentified Redpolls
Snow Bunting

Lapland Longspur

Flrst Approximate Periods of Peak Predominant Peak Migration
Observed® Number Seen’ Abundance Migration Direction® Rate (# Birds/h)’
(1977) (1977) (1978) (1977) (1978) (1977) (1978) (1977) (1978)
28 Ma 233 (323) 21 (39) 28 Ma-6 Ju 6-7 Ju E E 18.7 25.4
29 Ma 76 (106) 2 (15) 29 Ma 11 W E E 38.3 1.0
5 Ju 5 (11) ) 11-14 w E 0.2
28 Ma 96 (155) 4 (15) 29 Ma-10 Ju 22 Ju E we 13.1 0.7
17 Ma 280 (1162) 90 (733) 9-13 W 9-22 Ju E E 4.3 6.5
2 )] (n
13 ) )
7 du 4 (6) 13 (41) 7-12 Ju 7-20 Ju E we 0.1 1.5
9 Ju 3 ®) (n 9 Ju E - 0.2
1 “ (19 ) 9-13 Ju E 0.7
6 Ju 18 (60) 15 (46) 10-13 Ju 16-21 du E E 0.4 0.9
11 €h) (n
31 Ma (4) )
6 Ju ) )
1 Ju 30 ) 1-12 Ju E
27 Ma ®3) (=) 27-28 Ma L
25 Ma )] ) L
2 Ju ®) ) L
24 M ) (-) 24 Ma-3 Ju L
29 Ma )) ) L
31 Ma (15) ) L
17 Ma - (102) ) L L
27 Ma - (loo) 1) L L

. secontinued
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3pates of first observationduring 1977 include incidental records as wel | as records during migration watches. pyring 1978, systematic

migration watches were not begun until 6 June; hence many dates of first arrival were not recorded. During 1977 there were no systematic
watches after 15 June.

byumbers to left of parentheses are total birds seen migrating in the predominant direction during the period of peak abundance. Numbers
In parentheses are total birds seen (migrants and others) during ail spring migration watches and during casual observations (up to 25

June). Numbers are approximate because some casual observations were not recorded and because Of difficulties with repeated sight:ings of
iocal birds.

C.= East, W = West, L = Lecal,
“Peak migration rate is number of migrants seen per hour during the date of peak movement.

“Unexpected direction, perhaps attributable fo small sample size and/or late date of initiation of study in 1978.

“On 27 June, 50 additional snow geese flew west.
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(Table 2). Results from migration watches along the Yukon coast in 1975

(9 May-9 July) were similar to those from Simpson Lagoon in 1977 (Fig. 5-7).
The first glaucous gulls were moving east by 11 May 1975 and the first
white-fronted geese and whistling swans were seen in mid-May. The only

eiders seen along the Yukon coast in May 1975 were four king eiders flying
east on 13 May. Thus our data are consistent with the opinion (Brooks 1915;
Flock 1973; Johnson et al. 1975) that many common and king eiders that migrate
east past Point Barrow and appear off Banks Island in May fly far offshore
rather than along the coast.

The period of peak visible migration through the Simpson Lagoon area
in the spring of 1977 was the first two weeks of June. The most abundant
species of migrants at this time were brant, oldsquaw and eiders {(common
and king), all of which migrate eastward through the Beaufort Sea area iIn
spring. These species were First seen on 31, 28, 30 and 30 May, respectively;
peak eastward migration occurred in the third, first, second and second
5-day periods of June, respectively (Fig. 5). The timing of these migra-
tions was generally similar to that in 1975 along the Yukon coast, but in
1975 peak brant migration was slightly earlier whereas peak oldsquaw and
eider migration was slightly later (Fig. 5). Interpretation of the 1978
migration is hindered by the fact that observations in Simpson Lagoon did
not begin until 6 June, but the migrations of both brant and oldsquaw seemed
later than in 1975 and 1977, and few migrating eiders were seen. By mid-
June in both 1977 and 1978, numbers of eiders moving west became similar
to numbers flying east; we assume that many of these mid-June sightings
represented 1ocal movements of eiders.

The timing of spring migration of other common (but not abundant)
waterbird species is shown in Fig. 6 and 7; note the expanded scales in
relation to the scale of Fig. 5. Loons (3 species), Jjaegers (3 species),
glaucous gulls and arctic terns were the main eastbound migrants in this
group. Most jaegers move east from late May to mid June, and most glaucous

gulls (despite the early first arrival dates) also migrate in this period.
Most of the loons, arctic terns and red phalaropes seen migrating east along

the coast pass in early and-mid June, along with various less numerous
migrants such as Thayer’s gulls and Sabine's gulls.
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The only common waterbird species that appeared to migrate westward
in significant numbers over Simpson Lagoon in the spring of 1977 were
pintails and white-fronted geese. Both of these species commonly engaged
in local flights, and it was often impossible to separate local flights
from migration. This confusion no doubt accounts for the apparent simi-
larity in rates of westbound and eastbound “migration” of these species
during 1977 (Fig. 6, 7). Along the Yukon coast in 1975, these two species
and also whistling swans were more consistently westbound. Little westward
return movement of pomarine or parasitic jaegers was evident at Simpson
Lagoon in mid to late June of 1977 or 1978, unlike the situation along the
Yukon coast in 1975 (Fig. 6).

The total amount of visible westward migration along both Simpson
Lagoon and the Yukon coast was much less than the amount of visible east-
ward migration. We have no definite explanation for the large numbers of
westward migrants detected by radar, but we suspect that shorebirds were
often involved. Shorebirds are abundant summer residents of the North
Slope, but few are seen migrating along the coast. It is known that during
migration they often fly at high altitudes and on a broad front, and thus
are virtuallyinvisible to field observers (Richardson 1979).

Flight Paths. The Oliktok radar showed that neither eastward nor

westward migration was restricted to the coastal area; instead, both occurred
across a broad front. Migrations in both directions were detected almost
continuously throughout the peak of the spring migration season not only
near the coast, but also as far as 20 km inland and 20 km offshore (Fig. 3,
4). In fact, on most occasions at least a few eastbound and westbound
migrants were detectable as far as 50 km inland and offshore (Fig. 8).

The modal direction of “eastbound” migrants was often slightly north of
east (080°) far inland and slightly south of east (100°) offshore (Fig. 8).
The modal direction of “westbound” migrants was usually slightly north of
west (280°) in all areas. Figures 9 and 10 show examples of the actual
paths of individual birds and flocks across the radar coverage area.

Even though eastward migration occurred continuously and westward
migration occurred nearly continuously throughout the peak migration period,
the amount of migration varied from time to time (Fig. 3, 4). These
variations were more or less synchronous overland south of 0liktok, in and
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Figure 8. Frequency of migratory movements in various directions, based on
radar data from 01iktok, Alaska (1977), and Komakuk, Y.T. (1975),

9 May-20 June.
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Figure 9.
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Flight paths of samples of the birds migrating east over the North
Slope and Beaufort Sea on 2 and 5 June 1977. Outer circle has
radius 75 km; centered at 0liktok radar. On 2 June, oldsquaws
were by far the most abundant migrants seen fly ng east. On 5
June, brant, pintails, oldsquaws and jaegers were the main
eastbound species.
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Figure 10. Flight paths of a sample of the birds migrating west over the
North Slope and Beaufort Sea on 15 June 1977. A few brant and
king eiders were the only species seen to fly west on this date.
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near Simpson Lagoon, and offshore. Migration densities in each of these
three areas were closely correlated with densities in the other areas
(Fig. 11, 12).

The above results from the Oliktok/Simpson Lagoon area differ in
several ways from results obtained farther east, along the Yukon coast,
by Richardson et al. (1975):

1. In the Yukon, numerous migrants were detected flying
northeast. These birds approached from interior Alaska,
crossed the North Slope (which is only a few kilometers
wide here), and departed seaward (Fig. 8). Similar
flights were not evident in the Oliktok area.

2. In the Yukon, few migrants were detected 20-50 km
inland, and densities there were not closely correlated
with densities near the coast and offshore (Fig. 11, 12).
The area 20-50 km inland from the Yukon coast is moun-
tainous, whereas the area 20-50 km inland from Oliktok
is within the North Slope.

3. The main axis of “east-west’ migration along and north
of the Yukon coast was ESE-WNW, whereas that along and
north of the Alaskan coast near Oliktok was closer to
east-west (Fig. 8).

The Oliktok radar indicated that spring migrants did not concentrate
to any major degree along the coast, along the barrier islands, or anywhere
else within the radar coverage area. Some birds observed on radar changed
course to follow mainland or island shorelines, and radar often showed
more birds over the barrier island-lagoon system than inland or offshore.
However, radar never showed an intense, narrow stream of birds along the
mainland coast, lagoon, islands or elsewhere, This situation contrasts
with that found along the coast of the northern Yukon in the spring of 1975
(Richardson et al. 1975), where the Komakuk radar often showed a narrow,
concentrated stream along the coast, and where coastal visual observations
recorded more spring migrants than were seen in this study. For both east-
ward and westward migration, the degree of coastal concentration was
significantly greater near Komakuk, Y.T., than near Oliktok (Table 3),

We suspect that there are three main reasons for the more diffuse
spring migration in the Simpson Lagoon area:

1. The North Slope is broad south of Simpson Lagoon, but
becomes narrower to the east and is narrowest south of
Komakuk. Birds migrating east (or west) along the North
Slope would be channeled toward the coast as they approached
the Komakuk area.
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significance levels are given.
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Table 3. Comparison of tendency of spring migrants to concentrate along the
coast near Komakuk, Y.T. (1975), and Oliktok, Alaska (1977). Based
on radar observations at 12-h intervals (09:00 and 21:00 LST), 25

May-20 June.
Median Oensity No. 12 h
Density Inland or Offshore Periods
near pb zc
Coastd 1975 1977 1975 1977 (2 sided)
COAST VS. INLAND
Eastward Migration
2 2 4 2 0.134 1*50
3 i 3 8 8 <0.001 =3, 30
4 1 4 2 22 <10-3  5.89
5 1 5 8 10 <0.002 >3.09
2-5 <10-5€ 7, 39d
West ward Migration
2 1 3 2 4 0.266 1.11
3 1 3 5 5 0.008  2.65
4 1 4 18 21 <lo-5  5.68
5 ! 5 20 8 <104 4.16
2-5 - <10-5¢ 5 46d
COAST VS. 20 ks OFFSHORE
Eastward Migration
2 3 1 4 2 0.800  0.25
3 2 3 8 8 0.050  1.96
4 1 3% 22 2 <10->  4.58
5 4 4 8 10 1.000  0.00
2.5 - <10-5e 4, 67
Westward Migration
1% 11 2 4 1.000  0.00
3 1 1 5 5 0.690  0.40
4 2 3 18 21 0.008  2.67
5 3 4 21 8 0.322  0.99
)5 | . oowe 2

3pensities 0, 1 and 6 occurred too rarely to permit statistical analysi s.
bugnn-whitney U test of null hypothesis that, with a given density near the
coast, the_density inland” (or offshore) wasthe same at 0riktok in 1977 as

at Komakuk in 1975. e
tz-score [ Trom normal (O, 1) distribution] correspond ng to P val ue. Al'l

Z-scores were positive or zero.
dpooted Z-ScCOre, based on weighted z method (Rosenthal 1978):

Pooled z ~E dfj zy / [ & (df; )21%,  where ¢fi = Nigg + Nygzz - 2.
egverall p value for test of null hypothesis that the degree of coastal

concentration WasS the same at o1iktek In 1977 as at Komakuk in 1975; based
on the pooled z-score.
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2. The coast in the Simpson Lagoon area is probably less
effective as a “leading line” for migrants. The coast
near Komakuk, Y.T., is an almost linear feature, whereas
the coast in the Simpson Lagoon area is more irregular
because of the presence of bays and points. Furthermore,
the coast near Komakuk is the only prominent leading line,
whereas near 0liktok the barrier islands may form a second
leading line.

3. There is no open water along the coast in the Simpson
Lagoon area during May or early June. Even after river
water overflows onto the ice in early June, access to
food resources below the landfast ice remains blocked.

Visual observations during the 6-14 June 1977 period provided infor-
mation about routes of particular species across the Simpson Lagoon area.
During that period migration was observed from

1. the mainland looking north over the ice and river runoff
to mid-lagoon,

2. Pingok Island looking south to mid-lagoon, and

3. Pingok Island looking north over the frozen Beaufort Sea.
These observations showed that almost all brant flying east over the
Simpson Lagoon area were over the southern half of the lagoon or the main-
land (Table 4, columns E-G). Oldsquaws and eiders were also most numerous
over the southern part of the lagoon, but these seaducks, unlike brant, also
flew In considerable numbers over the northern side of the lagoon and the
Beaufort Sea. Among the less abundant species, eastbound red phalaraopes,
pomarine jaegers and arctic terns were commonly seen over both the south
and north side of the lagoon, but not over the sea. Eastbound loons and
glaucous gulls were distributed on a broad front across the lagoon and also
the nearshore Beaufort Sea (Table 4). These results, in combination with
the low numbers of most waterbird species seen migrating over the Simpson
Lagoon area in spring (see below), suggest that a variety of species may
participate in the broad front eastward migration detected by radar off-
shore over the Beaufort Sea and inland over the North Slope.

Mumbers. In this sect™on we estimate numbers of waterbirds that
migrate at low altitudes (i.e., visible to field observers) along the
south coast of the Beaufort Sea in spring. Estimates for the spring of
1977 are derived in Table 4. Observations at Simpson Lagoon in spring
1978 began too late to permit meaningful estimates. However, the table
does include estimates of numbers migrating along the Yukon coast during
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Table 4. Estimated total numbers of waterbirds migrating along the south coast of the Beaufort Sea In sSpr ng (¥ may=z>"Junej, 19/3dand

1977. The main estimates are in columns D and 1.°Table includes all loons, jaegers and terns,

specifically ldentified

phalaropes, and all species of waterfowl for which the net number of migrants seen from the main and (column B) exceeded 10 in
either year.

Species
(Main direction
of migration)

Yel.~bile LOON

®

Arctic Loon

(€

Red=thr. Leon
®

Unids Loons

(€

All Loons
(E)

Whistling Swan
(w)

Canada Goose

)

Year
1975
1977

1975
1977

1975
1977

1975
1977

1975 ,
1977

1975
1977

1975
1977

Net No. Seen
from Mainland
at Dist. from

Shore (km)

~1 to Al
3 (A (8)
15 15
18 18
77 77
1 1

t 03 104
6 6
187 1%
45 157
382 392
80 192
291 313
(-2)b (-2)
30 30
0 0

Estimated Nat No.
Passing, -1 to +3
km from Shore

Nat Rate (birds/h)
on 6-14 June 1977
over

16 tday- 9 tday-
15 June 25 June
© ®
46 52
% 109
286 295
65 67
362 402
43 48
479 546
282 321

1,173 1,295
486 537
458 512
(-11) (-12)

51 51
0 0

S halfT N half Sedge
Lagoon Lagoon of Sea

® "  ©

Est. Nat No.
Passing, 9May-
25 June 1977

0.32 0.15 0.07

0.29 0.38 0*20

0.16 0.10 0*12

0.% 1.53 0.92

1.73 2.17 1.31

0*05 0 0

Lagoon + Lagoon +
Pingok Is. Is. + Sea
(M P
161 187
155 200
79 116
834 1,140
1,210 1,617
(-12) (-12)
0 0

. «sContinued
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Spec | es
(Main direction)

Brant
(E)

Wh.-fr. Goose
(W)

Snow Goose (W)
(E)

Pintall
(W)

Otdsquaw

®

Common Eider

()

King Eider
®

Unid. Eider

()

All Eiders’
®

Year

1975
1977

1975
1977

1975
1977

1975
1977

1975
1977

1975
1977

1975
1977

1975
1977

1975
1977

Net Seen, Mainland

Net Estim., Mainland

Birds/h, 6-14 June 1977

Net Estim., 9 May-25 June

-1 to +3 Al |
m (A) (8)
12,546 14,517

334 424
103 166
28¢ 15C
19C 27°
2 10
532 528
(-183)¢  (-195)¢
4,416 4,778
1,323 2,059
124 209
426 611
21 21
168° 191¢
300 302
ot 101
445 532
599 899

16 May-15 9 May-25 S half N half Sea Lag. + Lag. + Is.
June (¢;  June (D) Lag. (E) Lag. (F) (6) Is. () +5Sea (1)
25,953 25,946
2, 141 2,140 9.14 (-0. 1y (-0.17) 2,116 2,076
178 184
146 151 0.32 0.08  (-0.02) 187 176
36 36
11 11 0.05 0.31 0 74 T4
637 1,318
(-1092) (-2259) (-4.05) 5.95 1.66 1,061 1,985
13,026 12,998
7,078 7,063 15.16 6.21 3.39 9,955 11,534
577 562
2,335 2,274 9.67 2.89 2.55 2,953 3,552
84 101
904 1,087 3*54 2.43 1.29 1,831 2,226
1,626 1,595
32 31 0.21 1.07 1.31 187 378
2,287 2,258
3,250 3,209 13.37 6.54 5.34 4,779 6,060
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Species
(Main direction)

All Scoters
(W)

Red-br. Merganser

®

Red Phalarope

®

Nor. Phalarope

®

Pomar ine Jaeger (E)f

Parasitic Jaeger

Long-t. Jaeger
®

Unid. Jaeger

All Jaegers

ON
®

®
ON
©

).
)
®

Q)

o f

(€)

Year

1975
1977

1975
1977

1975
1977

1975
1977

1975

1975
1977

1975
1975
1977

1975
1977

1975
1975
1977

1975
1975
1977

Net Seen, Mainland

Net Estim., Mainland

Birds/h, 6-14 June 1977

-1 to +3 Al |

km (A) (8)

482 482

0 0

12 12

0 0

118 118
10= ' (f
24C 24C

0 0

1,262 1,441

1,011 1,190

140 200

30 3l

23 27

5 82

29 44

! !

96 184

161 370

32 82

1,428 1,711

1,206 1,598

178 365

16 May-15 9May-25 S half N half Sea
June (C)  June (D) Lag. (E) Lag. (F) (6)
(-4 1,326
0 0 0 0 0
1 22
0 0 0 0
250 254
76 77 0*45 0.36  (-0.02)
43 79
0 0 0 (-0.03)  0.02
3,597 3,632
417 2,001
677 6849 (-0.11) 0.61  (-0.12)
62 66
2 38
30 329 0.08  (-0.03)  0.10
47 53
7 8 0%03 0.03 0.02
222 235
10 292
169 1799 0,13 0.26  (-0.02)
3,952 4,015
453 2,361
883 8979 0.13 0.87  (-0.02)

Net estim., 9May-25 June

Lag. + Lag. + Is.
Is. (H) + Sea (1)
0 0
0 0
138 134
e e
> 684" > 684D
22 61
16 23
522 489
>1, 244" >1, 257"
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Net Seen, Mainland Net Estim., Mainland Birds/h, 6-14 June 1977 Net Estim., 9 May-25 June

Spec | es -1 to +3 All 16 May-15 9 May-25 S half N half Sea Lag. + Lag. + is.
(Main direction) Year kn (A) (B) June (C)  June (D) Lag. (E) Lag.- (F) (6) Is. (H) + Sea (1)
Glaucous Gull 1975 1,170 1,213 2,075 2,466

) 1977 202 239 1,210 1,438 2.48 1.25 1.98 2, 164 3,313
Thayer's + Herring 1975 19 19 42 37
cull  (E) 1977 1€ 1€ 6 5 0.03 0 0 5 5
Sabine's Gull 1975 35 35 72 73

) 1977 2 2 11 1 0.05 0 0 1 1
Arctic Tern 1975 236 250 664 787

(E) 1977 10 1 65 77 0.27 0.18 O 129 129

3explanation oF c“lumns:

A,B.

Number of migrants seen moving in main direction, less number seen moving In opposite direction, during systematic watches from
Komakuk and Clarence Lagoon (1975) or Oliktok (1977) considering only the periods when +he visibility was at least 3 km. Birds
flying 030-150" were considered eastbound; 210-330° westbound. In 1975, many birds were undoubtedly counted twice, once at
Clarence Llagoon and once at Komakuk. The few cases In which (B)<(A) are those in which the majority of birds distant from the
observer were flying In the topposite’ direction.
Net 'birds/hour' values In each 5 to 7 day period (Figures 5, 6, 7) multipl led by durations of those periods and then summed.
For 1975, same method as (C). For 1977, when there were no observations during the 9-15May and 16-25 June periods, estimated as
(C47) (D75)/Cyse
Based on 37.5 h of observation at Oliktok, considering birds between 1 lan Inland and 3 km offshore (mid-lagoon).
Based on 39.2 h of observation from the south side of Pingok Island, considering birds from 3 km offshore (mld-lagoon) to 1 km
behind the observer (roughly the north side of Pingok Island).
Based on 40.4 h of observation from the north side of Pingok Island, considering birds from 0.1 km inland to 3 km seaward over the
Beaufort Sea.
Calculated as (D) (E +F)/E.
Calculated as (D) (E +F +6G)/E.

. «scontinued
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"Parenthetical negative values represent net migration In direction opposite to the 'main' direction stated beside species name.
“Number seen migrating In predominant direction was less than 3X number in opposite direction.

‘1Al eiders' Includes the few Spectacle and Steller's Eiders seen in 1977.

‘Not calculable but near zero.

"In 1975, eastward and westward migrations of these Jaegers were treated separately -- Not converted into net figures.

9 Calculated from column (C) using only the eastbound totals from 1975.

"Not calculable because most eastward migration of Pomarine Jaegers took place before 6 June in 1977.



spring 1975, based on reanalysis of the original data of Johnson et al.
(1975) and Richardson et al. (1975). The approach used was to (1) calculate
migration rates (birds per hour) for each species within each 5-day period
of the spring (Fig. 5-7), (2) extrapolate these rates to all hours in the
respective periods, and (3) sum the estimates across all periods. Only

the data collected during watches with visibility at least 3 km were used,
and birds more than 3 km offshore or 1 km inland were not considered.
Numbers flying over Simpson Lagoon in the 9-15 May and 16-25 June 1977
periods, when we made no observations, were estimated using the 1975

Yukon data (see Table 4, footnote for column D).

Brant, oldsquaws, common eiders and king eiders were the most abundant
eastbound waterbird migrants at Simpson Lagoon in 1977. However, their
estimated numbers were very low (2116, 9955, 2953 and 1831, respectively)
relative to approximate numbers occurring in the Beaufort Sea area
(<10°, 10°, >10° and 10%, respectively--Thompson and Person 1963; Johnson
1971; Bellrose 1976; Timson 1976). Estimated numbers migrating along the
Yukon coast in spring 1975 were much higher in the case of brant (25,946),
similar in the case of oldsquaw (12,998), and even lower in the case of
eiders (562 common, 101 king, 2258 total). All of these values are impre-
cise because of (1) our undoubted failure to detect some birds that flew
by during migration watches, (2) the fact that birds classed as “possible
migrants’ were not considered, and (3) the various extrapolations used.
Nonetheless, it is clear that only small proportions of the brant, oldsquaws
and eiders that occur in the Beaufort Sea area migrated at low altitude
through Simpson Lagoon in the spring of 1977. Incomplete data from 1978
(Fig. 5) suggest that somewhat more brant may have passed over the lagoon
that year, but there was no evidence of larger numbers of oldsquaws or
eiders in spring 1978.

Many brant are known to migrate north or northeast through interior
Alaska rather than around the coast (Cade 1955; Irving 1960). Few eiders
appear to migrate through the interior of Alaska, and the number of old-
squaws doing so is unknown. Most common and king eiders and perhaps most
oldsquaws appear to migrate east across offshore portions of the Beaufort
Sea rather than along the coast of northern Alaska or through the interior.
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Numbers of loons migrating through Simpson Lagoon in spring are of
special interest because it is possible that most of the arctic and yellow-
billed loons nesting in the North American arctic migrate around the Alaskan
coast (Palmer 1962) and thus through the Simpson Lagoon area. However, only
1210 loons were estimated to have flown through Simpson Lagoon in spring
1977, and the estimate for the Yukon coast in spring 1975 was similar
(1295). Estimates for the individual loon species are unreliable because
of the large number of loons not identified to species. Total numbers of
arctic and yellow-billed loons nesting in the North American arctic are
unknown, but it is clear that only small proportions of these birds migrate
at low altitude through Simpson Lagoon in spring. In contrast to our
estimate of only 1210 loons passing through Simpson Lagoon in spring,
Timson (1976) estimated that about 50,000 flew west past Point Barrow
during the 27 August to 16 September 1975 period.

Many pomarine jaegers migrate along the coast in spring, but few
parasitic or long-tailed jaegers do so (Table 4). Long-tailed jaegers and
apparently also some pomarine jaegers migrate north through interior Alaska
(Kessel and Cade 1958; Irving 1960; Dean et al. 1976), but the route of
most parasitic Jaegers to the North Slope is unknown. Our figures may
underestimate the amount of eastward migration of parasitic jaegers near
the coast; we saw flocks of 39 and 37 moving east overland 2-4 km south of
Oliktok Point on 29 May 1977.

Glaucous gulls migrate along the coast at only low to moderate rates,
but for a prolonged period (Fig. 6). Total numbers moving east through
Simpson Lagoon in spring 1977 were estimated as 2164; the estimate for the
Yukon in spring 1975 was similar (2466).

No other gulls migrate in large numbers through Simpson Lagoon.
Numbers of Thayer's gulls migrating east along the coast in spring are
extremely low. Clearly this species does not migrate along the north
coast of Alaska while en route from its Pacific wintering grounds to its
breeding areas in the Canadian Arctic. Estimated numbers of Sabine'sqgulls
were only slightly higher. Arctic terns were not abundant at Simpson
Lagoon in the spring of 1977 (129 estimated) but were more numerous along

the Yukon coast in 1975 (787 estimated).
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The above estimates and the 0liktok radar data are consistent with
one another in suggesting that the north coast of Alaska forms the spring
migration route of only a minority of the waterbirds using the Beaufort
Sea. Farther east, where the North Slope is narrower, the spring migra-
tion routes of certain species such as brant and arctic terns appear to
be narrower and more closely concentrated along the coast.

Utilization of Study Area. Most waterbirds that migrate through the

Simpson Lagoon area during spring appear to fly over the area without
stopping. However, some waterfowl land at meltwater pools on the mainland
near the lagoon, and some glaucous gulls land along mainland and island
beaches. After river water overflows onto the lagoon ice in early June,

a few loons and some waterfowl land on the overflow water. Thus there is
the potential for some spring migrants to be affected by oilspiils in and
near lagoons. In this section we summarize our observations of waterbirds
landing in or near the lagoon during spring migration.

Loons migrate eastward through Simpson Lagoon in early and mid June.
Previous studies near Prudhoe Bay (Bergman et al. 1977; Schamel 1978)
have indicated that during June loons concentrate in early-melting areas
off the deltas of the Sagavanirktok and Kuparuk Rivers; Schamel recorded
a peak of 3.9 loons/km® near Egg Island on 16 June 1972. In the Simpson
Lagoon area, 111 loons of all four species were seen primarily in shore-
lead habitat during four aerial surveys of the lagoon area in June. Two
yellow-billed loons were seen swimming and even diving in runoff waters on
top of the lagoon ice off 0liktok Point on 8 June 1977, and single uniden-
tified loons were seen on the runoff water in that area on each of 10, 11
and 12 June 1977. Numbers of loons using Simpson Lagoon in spring were
apparently lower than numbers off river mouths to the east.

White-fronted geese were present on the mainland tundra and ponds
during spring migration (e.g., Table 5), but rarely flew over the lagoon;
none were seen to land on the lagoon ice or runoff water.

Some brant landed at ponds on the mainland near 0liktok Point, and in
addition some of those flying along the lagoon on 10 and 12 June 1977 landed
in the runoff water present on top of the lagoon ice. A total of 68 of
the 586 migrating brant recorded from 0liktok Point in the 8-15 June 1977
period were seen to land at least briefly in the river runoff. These 68
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Table 5. Densities of common waterbird species recorded on aerial transects
along and near Simpson Lagoon during spring 1977-79.%*

Density (birds/kmZ} on Transect

1 2 3 4 5
Beaufort S shore Mid- Mainland Mainland
Species Date Sea islands 1 agoon shore
All Loons 1977 June 5 0 0 0 0 0
1977 June 20 0 1.2 0 0 0.2
1978 June 23 0 0.6 0 2*2 0.8
1979 June 22 0 1.1 0 0 0.7
White-fronted Goose 1977 June 5 0 0 0 0 1.1
1977 June 20 0 0 0 0 1.2
1978 June 23 0 0 0 0 2.9
1979 June 22 0 0 0 0 5.1
Pintail 1977 June 5 0 0 0 0 0.4
1977 June 20 0 0 0 0 3.5
1978 June 23 0 0 0 0 0.3
1979 June 22 0 0 0 0 0
0ldsquaw 1977 June 5 0 0 0 0.2 2.6
1977 June 20 0 1.6 0 0.9 3.2
1978 June 23 0 1*3 0 0.2 1*4
1979 June 22 0 2.5 0 0.2 0.6
A1l Eiders 1977 June 5 0 0 0 0 0
1977 June 20 0 0.4 0 0.1 2.7
1978 June 23 0 0.2 0 0 1.1
1979 June 22 0 0.6 0 0 0.6
Glaucous Gull 1977 June 5 0 1.4 0.1 0.1 0.2
1977 June 20 0 0.1 0 0.2 0.2
1978 June 23 0.1 2.3 0 0.1 0
1979 June 22 0 0.4 0 0.1 0
Arctic Tern 1977 June 5 0 0 0 0 0
1977 June 20 0 0.7 0 0 0
1978 June 23 0 0.2 0 0 0
1979 June 22 0 0 0 0 0

*See Fig. 1 for transect locations.
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birds included flocks of 23, 18 and 15 individuals seen on 12 June. In
addition a total of 68 additional unidentified waterfowl, including a
flock of 45, were seen sitting on the runoff water in mid-lagoon on 12-13
June. Most of these were probably brant. Because only a short stretch

of one lagoon was in view, these results suggest that a high proportion of
the brant migrating during the period after river water flows onto the
landfast ice may land somewhere in the series of lagoons along the northern
coast of Alaska. However, no brant were recorded during aerial surveys in
June.

Dabbling ducks, including mainly pintails but a few individuals of
other species (Table 2), were present on meltwater ponds on the mainland
in early to mid-June. During watches at 0liktok in spring 1977 only
five pintails and three green-winged teal were seen to land (very briefly
in each case) on the runoff water in the lagoon.

Oldsquaws began to appear on meltwater ponds on the mainland in early
June, and were also seen in small numbers on shoreleads along the shores
of the barrier islands by 20-23 June (Table 5). Only a few migrants were
seen landing in the runoff water on the lagoon ice off Oliktok (total of
11 birds, all on 7-10 June 1977); an additional flock of nine were sitting
on the water on 10 June. Thus there was no significant build-up of old-
squaws in the lagoon prior to occupation of mainland nesting habitat.

Common and king eiders congregate on runoff water and newly-formed
leads off river mouths near Prudhoe Bay in June (Bergman et al. 1977;
Schamel 1978), but we saw little evidence of this phenomenon in Simpson
Lagoon. During aerial surveys of the Simpson Lagoon area in spring, low
densities (0.2-0.6 birds/km?) of eiders were seen on the shoreleads along
the barrier islands and somewhat higher densities were seen on ponds and
lakes on the mainland tundra (0.6-2.7 birds/km?). During migration watches
from 01iktok Point conducted up to 15 June in 1977, totals of only five
common, 26 king, two spectacle and 10 unidentified eiders were seen landing
on, sitting on, or taking off from runoff water on the lagoon ice (10-13
June).

No jaegers, Sabine's gulls or arctic terns were seen to land on runoff
water on the lagoon ice. All 10 arctic terns seen during the survey of
transect 2 in spring 1977 and 1978 were flying over shoreleads south of
Spy and Leavitt islands (Table 5).
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Glaucous gulls were commonly seen along island and mainland shorelines
in spring (e. g., Table 5). However, during watches from Oliktok in spring
1977 we saw glaucous gulls on the runoff water only three times (total of

six birds).

Flight Behavior. The visual observations of spring migration in the

Simpson Lagoon area in 1977-78 provide information about the heights and
flock sizes of the migrants. The radar data from 1977 provide information
about hourly timing.

Almost all of the birds seen migrating over the Simpson Lagoon area
during the spring in 1977-78 were at estimated altitudes below 100 m
(Fig. 13). Loons, brant, oldsquaws and especially eiders often flew very
close to the ice (<2 m ASL). The proportion of brant estimated to be above
10 m ASL (40%) was much larger than the corresponding proportion along the
Yukon coast in 1975 (5%). A considerable number of jaegers and glaucous
gulls also flew very low, but these species often flew as high as 50 to
100 m ASL. Pintails and white-fronted geese rarely flew very low over the
ice or tundra; most of those seen were 5 to 50 m ASL.

Flock sizes of birds seen migrating through Simpson Lagoon during the
springs of 1977-78 ranged up to 150; only brant, oldsquaws and common eiders
were ever seen in flocks larger than 40 (Fig. 14). Pligr’sting jaegers,
glaucous gulls and pintails were occasionally seen in flocks as large as
30 or 40, but migrating loons, white-fronted geese and arctic terns were
never seen in flocks larger than 10.

Visual observations of numbers migrating over Simpson Lagoon in relation
to time of day have not been analyzed yet, but the 0liktok radar showed very
similar median densities of migration at all times of the day (Fig. 15).

All species are grouped together in the radar data, but there are two

a priori reasons for suspecting that, for most species, there would be
little diel variation in the rate of spring migration: (1) There is con-
tinuous daylight in northern Alaska during spring migration; (2) Many
birds are apparently engaged in long-distance non-stop migrations when they
pass through Simpson Lagoon in spring; during such migrations any diel
pattern in take-off times from distant take-off areas tends to be obscured

by variations in flight speeds and distances traveled.
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Figure 13.
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Estimated heights (m) of spring migrants in the Simpson Lagoon
area, 1977-78. Observations from 0liktok, Pingok Island and Milne
Point are pooled. Only birds that flew continuously and eastward
(or, in the case of white-fronted geese and pintails, westward)
during systematic migration watches are considered. Birds >3 km
offshore or >1 km inland excluded. Sightings during periods with
visibility <3 km excluded.
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Figure 14. Flock sizes of spring migrants in the Simpson Lagoon area,
1977-78. The total numbers of migrants seen in flocks of various
sizes are shown. Mixed-species flocks are each tabulated as 2 or
more flocks (e.g., a flock of 5 king and 3 common eiders is
tabulated as 2 flocks of sizes of 5 and 3). Criteria for inclu-
sion same as in previous diagram.
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Figure 15. Density of eastward (left) and westward (right) migration detected
by 0liktok radar in relation to time of day, 25 May - 20 June
1977. The line shows the median density at each time of day.
Each column of data points shows the distribution of densities (0
to 8 ordinal scale) recorded at one time of day, with areas
proportional to the number of days represented.
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Molt Migration

The most conspicuous movements of birds through the Simpson Lagoon
area during late June and July of 1977 and 1978 were westward movements
of male seaducks--oldsquaws, eiders and scoters (Table 6). These birds
were presumably-migrating to molting areas in or west of the study area.
Large numbers of eiders (mainly king eiders) fly west around Point Barrow
in mid and late July {Thompson and Person 1963; Johnson 1971). Relatively
few oldsquaws or eiders fly west immediately along the Yukon coast during
the molt migration, but there is a significant westward migration of
scoters along the Yukon coast toward Alaska (Table 6).

Seasonal Timing. During both 1977 and 1978 the westward molt migration
of male oldsquaws was first noted on 26 June. This was the only day with

systematic watches in late June of 1977, but molt migration had not been
obvious during casual observations on previous days. In 1978 there were
daily watches in late June. Peak numbers of oldsquaws moved west from
2 to 4 July in 1977and from 3to 7 July in 1978 {Fig. 16, Table 7).
Thereafter, westward movement continued sporadically until late July.
In both ?977 and 1978 there was a second, smaller peak of westward move-
ment just before the molt migration ceased (24-25 July 1977 and 23-25 July
1978).

The westward molt migration of male common and king eiders was first
noted on 2 July 1977 and 24 June 1978 and continued until approximately
31 July 1977 and 12 August 1978. During the latter parts of these periods
the only data obtained were from casual observations. Most westward move-
ment by eiders occurred after the lagoon ice had broken up and had been
flushed westward, out of the study area (Simpson Lagoon began breaking up
on 9 July 1977 and 5 July 1978 and was virtually ice-free within one or
two days). Peak numbers of eiders were seen moving west from 21 to 25
July 1977 and from 3 to ?1 and 27 to 30 July 1978 (Fig. 16, Table 7).
A few female and/or immature male eiders accompanied the westbound adult
males.

During 1978, a westward molt migration by scoters, primarily male surf
scoters and to a lesser extent male white-winged scoters, coincided with that

of oldsquaws. Three white-winged scoters flying NNE were seen on 28 June,
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Table 6. Total numbers of ducks seen flying east and west near the Beaufort
Sea coast during systematic watches in the molt migration period.2

Yukon CoastP Simpson Lagoon Area
Pingok Isl. Milne Pt.

1972 1975 1977 1978
Species blest East West East West East West East
Pintail 13 0 47 12 11 0 15 0
Scaup 19 113 0 0 0 0 18 84
0ldsquaw 484 295 157 183 1659 88 8379 643
Eiders 96 42 3 8 1471 8 725 57
Common -C - 3 8 289 6 349 31
King - 0 Q 977 2 65 21
Spectacle 0 0 0 0 6 0 6 0
Unidentified 0 0 199 0] 305 5
Scoters 953 263 8eod  37d 0 0 893 23
White-winged -C - 71 3 0 0 19 0
surf 423 25 0 0 720 22
Unidentified 375 9 0] 0 154 1
Red-breasted Merganser 49 26 18 30 0] 0] 13 17
Dates with data 10 July- 26 June- 26 June- 26 June-
31 July 9 July 25 July 28 July
Hours of observation 72.4 123.4 33.5 90.3

3Includes migrants seen at all distances from shore during systematic
watches.  Watches when the visibility was less than 3 km were excluded in
1975-78..

Dyykon data for 1975 were observations from Komakuk and Clarence Lagoon
(Johnson et al. 1975; Richardson et al. 1975); some birds were probably

counted twice, once at each site. Yukon data for 1972 were observations
from the base of Nunaluk Spit, 14 km east of Komakuk (Gollop and Davis
1974) .

Cpata for individual species of eiders and scoters not available for 1972.

“In addition to these totals, during 113.1 h of observations in the 16-25
June 1975 period a total of 571 scoters (4 white-winged, 112 surf, 455
unidentified) were seen flying west and 73 scoters {67 surf, 4 black, 2
unidentified) were seen flying east. No scoters were seen before 26 June in
1978.
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G381

Table 7. wuers OF oldsquaws, eiders, swowrs and unidentified diving ducks sighted flying in various directions through Simpson Lagoon during
the mid-summer ™ol t wigration in 1977 and 1978. Includes casual observations as well as sightings during systematic migration watches.
1977 1978
June July June July
Total Total
26-30 1-5 6-10 11-15 16-20 21-25 26-31 26-30 1-5 6-10 11-15 16-20 21-25 26-31
01dsquaws
Eastbound 3 61 20 2 0 6 0 92 97 209 363 5 0 11 0 685
Westbound 240 1373 4 57l+ 135 451 0 2774 1064 3122, 3127 447 11 1133 168 9072
Other* 140 264 126 1722 131 361 0 2744 2221 2472 32505' 67 6709 628 66 44668
Eiders
Eastbound
Common Eider 0 0 0 0 0 6 0 6 23 8 4 0 0 0 0 35
King Eider 0 2 0 0 0 6 0 8 9 9 3 0 0 0 0 21
Unidentified Eiders 0 0 0 0 0 0 0 0 0 1 4 0 0 0 0 5
Westbound
Common Eider 0 16 12 12 618 1002 250 1910 6 152 164 3 40 54 386 805
King Eider 0 51 0 86 115 1679 0 1931 14 33 18 0 0 0 0 65
Unidentified Eiders 1 53 0 5 7 166 0 232 3 226 124 37 15 26 a2 473
Other*
Common Eider 4 1 0 5 0 20 0 30 0 38 30 0 0 0 0 68
King Eider 0 2 0 0 0 2 0 4 37 52 30 4 0 5 0 128
Unidentified Eiders 0 7 2 12 41 61 0 123 4 8 19 2 0 41 71 145
Scoters
Eastbound
Surf Scoter 0 0 0 0 0 0 0 0 0 3 19 0 0 0 0 22
White-winged Scoter 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Unidentified Scoters 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1
Westbound
Surf Scoter 0 0 0 0 0 0 0 0 0 384 110 251 0 161 0 906
White-winged Scoter 0 0 0 0 0 0 0 0 0 3 1 15 0 0 0 19
Unidentified Scoters 0 0 0 0 0 0 0 0 0 121 33 0 0 0 0 154
Other*
Surf Scoter 0 0 0 0 0 0 0 0 0 13 41 1 0 0 0 55
White-winged 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 3
Unidentified Scoters 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Unidentified Diving Duck:z
Eastbound 0 0 0 0 0 0 0 0 0 142 27 0 0 0 0 169
Westbound 0 0 0 0 0 600 0 600 8 637 164 0 43 55 20 927
Other* 0 0 0 12 45 20 0 1 1 64 43 6 2 4 49 169

e ’'Other’ includes sitting birds, birds flying north or south and flying birds that were considered not to be migrants or whose migrant status was

‘The ice on the surface of Simpson Lagoon. began to break up on 9 July 1977 and on 5 July 1978 and had departed the study area b

by 6 July 1978. For a short period after those dates, the number of tocatty TIyIng oldsquass in the Study area increased
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but the first westbound surf and white-winged scoters were recorded on

1 July. The peak of westward movement by scoters occurred during the

4 through 12 July period. A second peak of movement by surf scoters
occurred on 24 and 25 July 1978 (Fig. 16). No migrating scoters were seen
during the corresponding period of 1977, and only one scoter was seen during
aerial surveys of Simpson Lagoon in July 1977. Almost all scoters seen
during the 1978 molt migration were males; of those whose sex was recorded,
only four were females (surf scoters on 7 July 1978).

In the northern Yukon, surf scoters began migrating west on 18 June
in 1975, and white-winged scoters began by 26 June. Many scoters flew
west along the Yukon coast in mid July of 1972, and a few flew west as
late as 30 July in 1972 (Fig. 16). Almost all scoters seen during the
1975 molt migration were males; the only females identified were six surf

scoters seen on 3-5 July.

Flight Paths and Behavior. Radar was not used during the molt migration

periods of 1977 or 1978, so we have only local observations of migration
routes. During 1977, the only migration watch station used in summer was
located on Pingok Island; consequently movements were detectable along the
1agoon shoreleads and over the fractured lagoon ice, as well as over the
frozen Beaufort Sea seaward of the barrier islands. The migration watch
station during 1978 was located on the mainland shoreline at Milne Point
and many movements by migrating birds seaward of the barrier islands were
undoubtedly undetected.

Most oldsquaws seen flying west before the ice left Simpson Lagoon
were flying along shoreleads near the mainland or island shores, or over
the lagoon ice. After the ice cleared from the lagoon, most of those seen
from both Pingok Island (1977) and the mainland (1978) were flying along
the lagoon. Only a few of those seen in 1978 flew west over the maintand
south of Milne Point. Migrating oldsquaw flew in flocks of widely varying
sizes, including one flock estimated to contain 1000 birds. Almost half
(46%) of those seen flew at estimated altitudes of only 0 to 2 m above the
water or ice; the others flew at a variety of heights, with many up to at
least 250m (Fig. 17).

Before breakup, most eiders seen flying west were moving along shore-
leads and over the lagoon ice. After breakup of the lagoon ice, most of
those seen were over the lagoon. However, there was also westward movement

186



Oldsquaw
N0
151-30

101-125

51-75 2

Eiders

Scoters
Surf Z
Whr-wing. O
Unid. O

V777
2

E 3140 & %%IIIIIIIIIIIIIIII
= e
8 22 U
b ]
5
i & #birds - 8898 858
2 # groups - 398 52
400 800 0 200 400 ' " s0 | 100 150
500 8836 1904 843
g 391 86 50
250 &
£ M
e 10 ’
B e
2 2z |7
00 500 1000 00
Number of Migrants Seen
Figure 17. Flock sizes and estimated heights (m) of ducks migrating west over

the Simpson Lagoon area during the molt migration period, 25 June

- 31 July 1977-78.

and 14.

187

Criteria for inclusion same as in Figures 13



over the Beaufort Sea north of the barrier islands during late July 1977,
following breakup of the sea ice. Eiders flew in flocks of a wide variety
of sizes (Fig.17). Most flew at estimated altitudes below 10 m.

The great majority of the westbound scoters seen from Milne Point were
flying over shoreleads, ice or open water in Simpson Lagoon. However, some
were flying over the mainland south of Milne Point. Similarly, in the Yukon
in 1975 most westbound scoters seen were over the sea, but a minority were
flying west overland. Some of those seen “rem Milne Point were over the
central part of the lagoon, so it is doubtful that the paucity of scoters
in 1977 was due solely to the fact that the observation site in 1977 was on
Pingok Island. Flocks of migrating scoters ranged in size up to 75 birds at
Simpson Lagoon in 1978 (Fig. 17) and 175 birds in the Yukon in 1975. The

largest flocks in both areas consisted of surf scoters.

Numbers. We cannot make reliable estimates of total numbers of sea-
ducks migrating through Simpson Lagoon during the molt migration period,
partly because watches were conducted on only some of the days, partly
because watches were most frequent on days with much molt migration, and
partly because only one watch site was used each year. Table 7 presents
the total numbers actually seen to migrate west through the Simpson Lagoon
area during the 26 June-31 July period: oldsquaw-- 2774 in 1977 and 9072
in 1978; eiders--4073 and 1343; scoters--0 and 1079. These totals include
casual observations, but nonetheless represent only a fraction of the total

migration through the area.
More realistic minimum estimates are possible for 1978 because during

the 26 June-10 July 1978 period there were daily systematic watches
totalling 72.9 h of observation. [If the observed migration rates for these
three 5-day periods (Fig. 16) are assumed to apply to all hours in those
periods, and the actual numbers seen during the 11-31 July period are added,

the following minimum estimates are obtained:

Estimate, No. Seen, Minimum Estimate
26 June-10 July 11-31 July of Total
Oldsquaw 32,210 1,743 33,953
Common Eider 1,416 483 1,899
King Eider 228 0 228

188



Estimate, No. Seen, Minimum Estimate

26 June-10 July 11-31 July of Total
Spectacle Eider 32 0 32
Unident. Eiders 1,323 120 1,443
All Eiders 2,999 603 3,602
All Scoters 3,239 426 3,665

These figures are net values (i.e., westward minus eastward movement),

and are undoubtedly underestimates because the values for 11-31 July are
incomplete and because observers at Milne Point could not detect all ducks
migrating over the northern side of the lagoon (3-5 km away).

Numbers of oldsquaws and eiders migrating west along the Yukon coast
during the molt migration period were much lower than numbers migrating
through Simpson Lagoon (Fig. 16). Rates of scoter migration along the
Yukon coast in 1972/75 and through Simpson Lagoon in 1978 were more similar
(Fig. 16). If the net rates of westward migration along the Yukon coast
shown in Fig. 16 are applied to all hours in the 16 June-31 July period,
an estimated 8129 scoters flew west within sight of coastal observers
toward Alaska. The 8129 estimate is tentative because it is based on
incomplete but complementary results from two years; it could be biased
if migration timing were different in the two years.

Utilization of Study Area. Observations during migration watches and

other activities in 1977 and 1978 indicated that during the molt migration,
oldsquaws and a few scoters made moderate use of water-filled cracks in the
lagoon ice and of the shoreleads around the perimeters of the barrier islands
and along the mainland shoreline. Eiders made only light use of lagoon

and nearshore marine habitats during molt migration. We do not know what
proportion of the seaducks that flew west along the lagoon landed somewhere
in the lagoon, but aerial surveys provided information about densities

and numbers of ducks in the lagoon area on various dates.

Oldsquaws made only moderate use of the lagoon during the period of
peak westward molt migration in early July, but large numbers of molting
oldsquaw concentrated in the lagoon later in the month (Table 8). Only
shoreleads were present throughout the period of peak movement in 1977

(2-4 July), but general breakup of the lagoon ice occurred during the peak
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Table 8. Densities of oldsquaws, eiders and scoters recorded on aerial
transects along and nhear Simpson Légoon during the molt migration
pericd, 1977-79.*

1 2 3 4 5
Beaufort S shore Mid- Mainland Mainland
Date Sea islands 1 agoon shore
01dsquaw
1977 Jul 5 2.2 25.2 2.9 21.6 1.9
" “ 28/29 0.1 401.7 501.1 516.4 1.2
1978 Jul 5 0.1 160.4 5.4 2.2 1.4
" “ 15 2.5 1344.8 39.0 70.8 0.2
" “ 25 17.7 284.7 73.0 19.1 0
“  Aug 5/6 0.2 324.7 62.5 6.4 0
1979 Jul 28/29 4.2 520.5 132.6 31.2 8.6
Eidersa
1977 Jul 5 0 0.3 ] 1.2 1.8
(OwlC) -
" “ 28/29 1.5 1.2 0 0.2 0.8
(1oOC) (OOZC) - -
1978 Jul 5 0 0.3 0 0.6 0
- - = (O-lk)
" “ 15 0 0.4 0 0 0.7
(O-lC) -
" “ 25 1.1 1.5 0 0.1 .4
(0.7¢) - - - (0.4k)
Y Aug 5/6 0 0 1.2
1979 Jul 28/29 0.4 1.6 0 0.6 0
Surf Scoterd
1977 Jul 5 0 0.2 )] 0 0
1978 Jul 5 0 2.7 ¢ 0 0
" “ 15 0 1.5 .7 0 Q
" “ 25 0 50.4 ¢.7 0 0

dWhen eiders were identified to species, the density of identified eiders is

given in parentheses beiow the total density. _ )
bNo scoters see,during the other 3 surveys listed uader eiders. All scoters

seen during aerial surveys in July 1978 were surf scoters. Those seen on 5
July 1977 were unidentified scoters.
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period in 1978 (3-7 July). In both years the nearshore Beaufort Sea north
of the barrier isiands remained frozen (except for shoreleads) throughout
the period of peak westward molt migration. The estimated numbers of old-
squaws in Simpson Lagoon on 5 July in 1977 and 1978 were only about 1000
and 2500, respectively (see later section on “MOLTING” for details).

By 15 July 1978 about 29,000 were estimated to be present, and in late
July the estimates for 1977-79 were about 51,000 (28/29 July 1977), 13,000
(25 Ju”ly 1978) and 23,000 (28 July 1979). These results suggest that
during the peak of molt migration in early July most oldsquaws that pass
over Simpson Lagoon do so without stopping for any significant period

(if at all). Later in July, after the lagoon ice breaks up and leaves the
lagoons, large numbers of molting oldsquaw concentrate in the lagoon.

Few eiders were present in or near Simpson Lagoon during the molt
migration period (Table 8). During aerial surveys in July, only smail
numbers of eiders were seen near the barrier islands (where common eiders
nest) and the mainland shore, and none were seen in mid iagoon. In late
July of each year, during breakup of ice in the nearshore Beaufort Sea,

a few eiders (most if not all common eiders) were seen along the transect
several kilometers seaward of the barrier islands.

During most aerial surveys of Simpson Lagoon scoters were seen in only
small numbers if at all (Table 8). However, on 25 July 1978, around the
end of the molt migration period of scoters, about 750 surf scoters (mostly
males) were seen near the south shore of Pingok Island. In addition,
scoters were seen during our aerial surveys of eastern Harrison Bay on
5 and 15 July 1978 and in late summer of 1978. In 1971, Hall (1975)
observed 200-300 surf scoters in Harrison Bay during August, and Gavin
(1976) indicates that scoters occur in the Simpson Lagoon area in 'fall'
(dates not stated). Thus, it appears that male scoters not only migrate
west through Simpson Lagoon, but that a few hundred remain in the aresa
to molt.

Small number of greater Scaup were seen flying through the Simpsonr
Lagoon area, mainly eastward, during the molt migration period (Table 6j.
They were never recorded during aerial surveys of the lagoon inJuly,but
small numbers were seen in Harrison Bay just west of Simpson Lagoon
(2.7/km? on transect 6 on 5 July 1978; 2.3/km? on transect 7 on 15 Jylv
1978).
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In summary, during late June and July male oldsquaws migrated west
through Simpson Lagoon in large numbers {(over 30,000), and male eiders and
scoters did so in smaller numbers. In addition, large numbers of oldsquaw
and very small numbers of surf scoters concentrated in Simpson Lagoon to
molt. Small numbers of scaup may molt in Harrison Bay.

Fall Migration

Fall migration of waterbirds through and from the coastal Beaufort
Sea area begins in mid-August and continues not only during September
(when systematic observations have been made) but also during October and
even early November (Gabrielson and Lincoln 1959; Flock 1973). Our system-
atic observations ended around 22 September, and earlier migration studies
at Point Barrow (Thompson and Person 1963; Johnson 1971; Timson 1976) and
in the northern Yukon (Gollop and Davis 1974; Schweinsburg 1974a) ended
earlier inSeptember. Waterbirds still present in the Simpson Lagoon area
in late September include many oldsquaws and glaucous gulls as well as some
loons, eiders and scoters (Table 9). Thus, systematic data are available
for only the earlier portion of the fall migration season.

A further limitation is that our systematic watches in 1977 were from
only one site, Pingok Island, and totalled only 38.6 h on 27 days (watches
with visibility <3 km excluded) in the 21 August-22 September period.

In 1978, incidental observations of fall migration were recorded daily
until 5 September, but systematic migration watches were not possible.

Because data concerning fall migration in the Simpson Lagoon area are
limited, we have summarized relevant data from other parts of the Beaufort
Sea, as well as our own results, in the following sections.

Loons. Westward migration of Toons through the Simpson Lagoon area
began in late August (Table 10). In 1977 it apparently peaked in the
26-31 August and 1-5 September periods (4.4 and 5.0 loons/h, respectively).
A few loons were still present on 22-23 September in 1977-79 (Table 9).
Previous studies at Point Barrow indicate that very few loons pass that
site in late August; peak loon migraticn there is in the first half of
September (Scale 1898; Timson 1976; Diyvoky 1978a:48C) or perhaps even

later.
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Table 9.

Jensities Of common waterbi Id species recorded onasria| transects aiong and near S impson
Lagoon dur | ng August and September 1977 _y5_2

wsiny (birds/km) on Transect

| 2 3 4 5 6 7
A Beautort S shore Mid- Mainland  wsinians HAFrIson  saer | sn
SpECIES Date Sea , slands | agoon shore 32y 5k Bay S
All 1977 Aug 15 -b 0.1 0.4 1.3
Leans 30 0.2 0.3 0 0.1 1.8
v sep 22 01 0 0.2 0 0
1978 aug /6 0 0 0 0 0 0 0
oo 0 0 0 0 0 0 0
w25 0 01 0 0.2 0.1 0
»  Sep 5/6 0.1 0 0 0.4 0.4 0 0.2
« w5 01 01 0.1 0.2 0 2 0
« 023 0 0 0.2 0 ) 0 )
1979 g 31 0 01 0 0.3 0.6 0.2 5
sap 0 0 0 0 0 0.2 5
Wi te 1977 wg 15 0 0 0 0 2.9
ronted w30 0 0 0 0 2.4
Soose " s 22 0 0 0 0 0
1978 4 5/6 0 0 0 0 0 0 0
nots 0 0 0 0 0 b 0 0
" 5 0 0 0 0 4.4 2.7
" Sep /6 0 0 0 0 1.8 0
) 0 0 0 0 0 0 0
L« 23 0 0 0 0 0 0 0
1979 wy 0 0 24 0 3.1 0 0
" sy 23 0 0 0 0 0 0 0
Oldsquaw 1977 Aug 15 811.3 161.9 5.8 -
l » 30 3.3 31 184.6 68.0 0
«  sap Z? 3.4 21.6 928.1 220.0 0
1978 ag D/6 0.2 324.7 623 6.4 0 . i 20.9
w15 0 994. 2 7.3 0 0 679.6 106.7
" .25 543.2 337.4 33.3 0.8 2.0 287.6
« s 5/6 20.2 150.2 12.3 01 01 26.4 30.1
w5 193.3 47.0 29.6 7.1 G 6.9 1.4
423 1.6 9.9 231.8 158. s 0 3.1 2
1979 Aug 31 24.7 70.9 3303 0 0 239.0 23.6
Sep 23 15.8 231.6 3.4 13.7 0 1.6 ¥. 0
. «ocontinued
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Paga 2i4s

Dans ity [ biprds/km2) ON Transect

1

| 2 3 5 6
gedutort Sshere  mig-  Mainland Mainland Harrison  warrison
Species Date Sea Is lands  1agoon snore Bay SE Bay S
‘At 1977 Aug 15 : 1%9 ol 0 -
Eiders * w30 -0 0.2 0 0.1 0 -
«  Sep 22 0.4 2.9 0 0 0
1978 Aug 5/6 0 0 0 0 1,2 0
w5 0 1.0 0 0 0.1 0 0
noow 25 0 0 0 0 0 0
" Sep 5/6 0 0.9 0 0 0 4.9 0
w5 0.8 2.2 0 0 0 2.5 0
w23 0 2.2 0.1 0.1 0 4.7 0.9
1979 Aug 31 0 2.1 o 0 0 L1 0.2
" sap 23 0 4.8 0 0 0 1.8 0
All 1977 Aug 15 0 0 0
Scotdrs " 4 30 0 0 0 0 0
i« Sep 22 0 0. 1€ la 0 0
1978 Aug /6 0 0 0 0 0 0 0
« noqs 0 0 0 0 0 0 1.9
w n 25 0 0 0.4 0 0 8.5 -
#  Sep 5/6 0 0 0 0 0 0 0
v w8 0 0 0 0 0 9.2 0.8
o w33 0 0 0.6 0 0 0 0
1979 Aug 31 0 u 0 0 0 0
" Sep 23 0 0 0 0 0 0
Gl aucous 1977 Aug 15 7.6 1.1 wl -
Gull w w30 01 25.5 0 1.4 0.2 -
" sap 2 0 193.0 0 1846 0 -
1978 Aug S/6 0 0.1 0 0.2 0 1.3 1.2
noowos o 0.9 0 0.4 0.1 0.5 .
nooo« 3§ 0 0 0.1 0.2 0.1 0 0
i Sep §/6 0 4.5 o 0s7 0.1 6.9 0
4 w5 0.1 6.3 0 o 0.1 4.9 1.9
o« ho23 9 1641 .1 1.4 0.1 0.9 2.3
1979 Aug 31 0.1 20.5 0 1.6 4.7 5.9 0.3
" Sep 23 0 8 5 0 0.5 as 18.0 0
seecoOnt inuad
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page 3.. .

Density ( birds/kn®) on Transect

2
Besutort S shors
Speci s Date Sea islands
Arctic 1977 g 15 24.0
Ter: 30 0.4 7.4
Sep 22 0 0
1978 Aug 5/6 0 U |
“ noqs 0 2.4
« 25 0.6 0
Sep 5/6 0 0
T 0 0
" "o 23 0 0
1979 ug S1 0 0
" sep 23 0 0
Transect 1 ongth (i m —;.—o

3 4 5 b 1
M1g- Main tand M o land HAFTISON  karci son
I agoon shore any SE Bay ¢

0 0
0 0 )
0 0 0
0 0 0 0 0
0 0 0 0
0 0 0 0 0
0 0 G 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 5 0
0.6 32 38 B8 e

e Fig. |, 2 for transect locations.

1-t meanstransectnotsurveyedonthis date.

‘3. S.toter.
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Table 10. Birds recorded during fall migration (August-September) in 1977and 1978, Simpson Lagoon, Alaska. Most 1977 data are from
watches at Pingok Island; 1978 data are from incidental observations at Mitne Point and in the lagoon area.

Predominant Peak Migration Rate

Number Seen* Period of Peak Abundance Migration Direction (# birds per day)

Species (1977) (1978) 1977) (1978) (1977) (1978) (1977) (1978)
Yellow-billed Loon 2 (%) 0 14) 1 Se 29 Au W 2
Arctic Loon 0 (25) 0 (N 24 Au-14 Se 5 Se L
Red-throated Loon 9 an 0 (2) 30 Au-1 Se 5 Se w 7
Unidentified Loons 88 (332) 39 (65) 25 Au-6 Se 9se w w 20 39
Brant 4638  (4686) 10885 (11148) 22 Au-6 Se 17-31 Au w w 2261 2605
White-fronted Goose 280 (288) (12) 19-24 A w L 270
Unidentified Geese 852 (908) 656  (696) 24-29 M 24 Au ] ] 800 650
Pintai | 11 (60) 6  (17) 24 5 Se E E 1 6
Greater Scaup (o) 8 ® 21 Au E 8
Unidentified Scaup 0 2) (0) 18 Se
Oidsquaw 1730 (114266) 0 (21032) 27 Au-21 Se 14-29 n w L 1000
Common Eider 57 (57 133 (185) 24-26 Au 12 Au ] w 47 135
King Eider (0) )
Unidentified Eiders 600 (600) 180 (202) 23-28 A 5-13 Au w w 425 90
Unidentified Mergansers 300 (300) (0) 23 Se w 300
Unidentified Diving Ducks 35 (110) 20 (24) 22 Au-6 se 13 Au w w 20 21
Unidentified Ducks 373 (409) 700 (2184) 27-29 Ay 13 Au w w 233 700
Peregrine Falcon 0 (1 (0) 22 Au
American Golden Plover 0 @1 ©) 22-27 Ay L
Black-bellied Plover 6 (181) (0) 28-30 Au w 4
Unidentified Plovers 7 11 (0) 22 Au w 7
Ruddy Turnstone 0 (30) (o) 22-31 Au L
whimbrel 0 ) (0) 17 Au
Pectoral Sandpiper 0 (6) 0 (6) 24 Au-2 Se 18 Au L L

. «econtinued
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Page 2.

Species

Dunlin

Sander!ing

Semipalmated Sandpiper
Long-billed Dowitcher
Unidentified Dowitchers

Red Phalarope

Northern Phalarope
Unidentified Phalaropes
Unidentified Shorebirds

Pomarine Jaeger
Parasitic Jaeger
Long-tailed Jaeger
Unidentified Jaegers

Glaucous Gull

Sabinets Gull
Black-legged Kittiwake
Arctic Tern
Thick-billed Murre

Varied Thrush
Yellow Warbler
Snow Bunting
Lapland Longspur

Predominant

Peak Migration Rate

Number Seen* Period of Peak Abundance Migration Direction (# birds per day)
(1977) (1978) (1977) (1978) (1977) (1978) 1977) (1978)
3 (310) 0 (39 28 Au 17 Au ] L 3
0 8) (0) 30 Au-2 Se L
0 (18) (0) 19 Au
13 (78) 0 47 19Au 25 Au w L 13
0 (12) 0 ©) 31 Au 29 Ay L L
0 @n 0 (108) 22-28 Av 12 Au L L
(0) 0  (160) 12 Au L
28 (1143) 0 (1307) 25 n 23 Au w L 28
29 (581) (0) 21-28 Au w 6
! (5) (0) 1 Se w !
0 3) (0) 22 Au-1 Se L
0 (13) (0) 24-31 Ay L
! () (0) 30 Au w !
275 (1044) 12) 28 Au-15 Se W L 200
0 (2) 0 ®) 22 Au 14 Au
0 m (0) 19 Se
100 ( 380) 20 (85) 15-28 av 12 Au w w 32 21
(0) 0 (1 17 Au L
0 (1) (0) 7 Se
0 n (0) 5 Se
0 (64) (0) 21 Au-2 Se
0 (2) 8 (16) 22-24 Ay 4 Se L ] 8

*Numbers inside parentheses represent the total number OFf birds seen during migration watches and during incidental observations (includes
birds that were not actively migrating).
Numbers to the left of those in parentheses represent the number Of birds seen migrating during the period of peak abundance. There were
no systematic watches in 1978.



The total number of loons seen migrating through Simpson Lagoon was
low both in 1977 (86 westbound birds seen during 38.6 h of systematic
observations--Table 11) and in 1978 (Table 10). Even if the migration
rates shown in Table 11 are extrapolated to the entire 21 August-22
September 1977 period, only about 1600 loons are estimated to have flown
west within sight of an observer on Pingok Island. This estimate is very
imprecise because it is based on a small sample and assumes that loons
migrated at the same rate by night as by day. The rates of loon migration
along the Yukon coast in 1972 were even lower; indeed, more loons were
seen to fly east than to fly west (Table 11). In contrast, numbers of
loons passing Point Barrow in the periods 27 August-2 September, 3-9
September and 10-16 September 1975 were estimated as 347, 7087 and 43,359,
respectively (Timson 1976). These estimates also assume similar migration
rates during the night as during the day. Apparently most loons bypass
both the Yukon coast and Simpson Lagoon during the fall exodus from the
Beaufort Sea. Offshore surveys indicate that many loons are widely dis-
tributed in offshore waters of the Beaufort Sea in August and early
September (Searing et al. 1975; Divoky 1978a).

Brant. Brant migrated west through the Simpson Lagoon area in large
numbers during the 22 August-6 September 1977 and 17-31 August 1978 periods
(Table 10). In 1978, a few stragglers were present as late as 20 September.
The timing was similar to that recorded during previous migration watches
at Point Barrow in 1970 (Johnson 1971) and 1975 (Timson 1976); at Beaufort
Lagoon, NE Alaska, in 1970 (22 August-10 September; peak on 1 September--
Schmidt 1973); and along the Yukon coast in 1971 (most on 25 August-

3 September--Schweinsburg 1974a:84) and in 1972 (most on 17 August-
3 September--Gollop and Davis 1974).

Numbers of brant passing through Simpson Lagoon appeared to be at
least as high as numbers passing Point Barrow. In 1977, 4231 brant were
seen to fly west within sight of an observer on Pingok Island, despite the
fact that there were only 22.8 h of systematic observations in the 21
August-5 September period and the fact that most of those seen were flying
near the mainland shoreline near the limit of visibility from Pingok Island.
In 1978, a total of 10,885 migrating brant were tallied during incidental

observations, mostly from Milne Point on the mainland shore, during the
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Table 11. Rates of eastward and westward “fall” migration near the Beaufort Sea coast during three periods in late

summer .
Yukon Coast, 19724 Pingok 1sl., 19770
Rate (birds/h) Rate (birds/h)

F1ight 1-15 16-31 1-17 Total 21-31 1-22 Total
Species Direction Aug Aug Sept # Seen Aug Sept # Seen

A1l Loons E 1.15 0.86 0.40 282 0 0 0
0.66 0.67 0.22 190 3.0 1.5 86

Brant E 0 1.73 0.54 325 0 0 0

0 19.21 4.92 3,526 66.4 151.0 4,231

. White-fronted E 0.26 0 16.55 1,405 0 0 0
v Goose w 0 0.10 0 16 14.3 0 270
Snow Goose E 0 3.86 4.86 1,031 0 0 0

0 174.83 2.14 28,532 0 0 0

Pintail E 3.83 14.03 7.98 3,306 0.6 0 11

W 3.40 0.32 0.50 419 0 0 0

Oldsquaw E 0.81 1.02 0.17 256 0 0 0
1.84 1.47 2.12 592 53.7 36.3 1,729

All Eiders E 0.27 0.02 0 29 0 0 0
0.96 0.48 0 170 27.7 0 522

All Scoters E 0.08 0.77 1.40 250 0 0 0
0.06 0.77 0.05 135 0 0 0

. ..continued
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Yukon Coast, 1972° Pingok 1s1., 1977b
Rate (birds/h) Rate (birds/h)

F1i ght 1-15 16-31 1-17 Total 21-31 1-22 Total
Species Direction Aug Aug Sept # Seen Aug Sept # Seen
All Jaegers E 0.49 0.48 0.10 133 0 0 0

w 0.38 0.38 0.05 102 0.05 0.05 2
Glaucous Gull E 3.90 4.73 4.67 1,529 0.1 0 2

w 3.47 6.14 7.51 1,954 1.7 0.8 47
Thayer's/ E 0.04 0.03 0.76 72 0 0 0
Herring Gull w 0.02 0.03 0.13 18 0 0 0
Arctic Tern E 1.93 1.78 0.20 489 0 0 0

w 3.13 2.84 0 759 1.9 0 35
# Hours of
Observation 95.6 162.2 83.4 18.8 19.7
# Days with
Observation 15 10 8 10 14

aYukon data (1972) are from watches at Nunaluk Spit (Gollop and Davis 1974). No data were obtained on 6-12 Sept.
1972. Includes all flying birds, regardless of distance from shore or visibility.

bPingok Island data (1977) include all migrants regardless of distance from the island; only watches with visibility at
least 3 km are considered.



17-31 August period. Undoubtedly many additional brant passed unrecorded
during both 1977 and 1978. In contrast, Johnson (1971) estimated that
14,000 brant flew past an observer at Point Barrow during the 18 August-

7 September 1970 period (only 1103 actually seen), and Timson (1976)
estimated that 2740 brant flew past that area in the 27 August-16 September
1975 period (only 400 seen in 68 h of observations). East of Simpson
Lagoon, Schmidt (1973) saw 12,910 brant fly west along Beaufort Lagoon

on 22 August-10 September 1970, and Schweinsburg (1974a) saw 14,806 fly
west past Nunaluk Spit, Y.T., during 150 h of observations on 25 August-
6 September 1971. However, Gollop and Davis (1974) saw only 3526 fly
west past Nunaluk Spit during intensive watches in 1972 (Table 11).

These results suggest that brant nesting to the east of the study area
migrate westward in a concentrated stream close to the Beaufort Sea coast,

and thus pass through Simpson Lagoon.

Oldsquaw. 01dsquaws were seen migrating west through Simpson Lagoon
in late August and intermittently throughout September 1977. However,
very large numbers remained in the lagoon as late as 22-23 September in
1977-79 (Table 9). The seasonal trends in numbers, sex ratios and age
ratios of oldsquaws in the lagoon suggested that in 1977 and 1978, post-
molting male oldsquaws began to leave the lagoon during August. Many males
were still present in September, but in addition large numbers of post-
breeding females and juveniles moved into the lagoon late in the summer
(see “MOLTING” section). Thus there was considerable turnover of oldsquaws
using the lagoon in the August-September period. About 250 oldsquaw,were
still present in an area of open water east of the ARCO causeway in Prudhoe
Bay on 15 October 1978.

If the rates of migration recorded during our rather small number of
watches (Table 11) apply to the entire 21 August-22 September 1977 period
(including nighttime hours), about 33,000 oldsquaws flew west within sight
of an observer on Pingok Island during this period. However, an estimated
106,600 oldsquaws remained in Simpson Lagoon itself on 22 September 1977,
and additional oldsquaws were presumably present further east at that time
(see “MOLTING” section, below). Thus the total number that passed through
Simpson Lagoon in the fall of 1977 may have been much more than 100,000.
Much of the migration from (and perhaps much of that through) the lagoon
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occurred after our systematic observations ended. Timson (1976) estimated
that about 32,000 and 208,500 oldsquaws passed an observation point at
Point Barrow in the 3-9 and 10-16 September 1975 periods, respectively.
Presumably more oldsquaws passed after her study ended.

No systematic fall migration watches were conducted at Simpson Lagoon
in 1978, but no significant westward migration of oldsquaws was noticed
during casual observations in August and September. Trends in numbers and
sex ratios (see “MOLTING”) indicated that movements must have occurred, but
they were not conspicuous and there is no proof that the birds moved
westward along the coast. Similarly, few oldsquaws migrated west along
the Yukon coast during systematic watches on 24 August-6 September 1971
(997 seen in 156 h--Schweinsburg 1974a) or up to 17 September in 1972
(Table 11). Oldsquaws do occur far offshore in the Beaufort Sea during
late August and September (Searing et al. 1975:224; Divoky 1978a:407,

419, 432). Thus it is probable that a significant fraction of the autumn

oldsquaw migration is not near the coast.

Eiders. Eiders migrated west through Simpson Lagoon in small numbers
during late August of 1977 and 1978 (Table 10, 11). Only 522 were seen
during 38.6 h of systematic watches from Pingok Island on 21 August-

22 September 1977. Although eider migration was not noted during early or
mid-September, small numbers of eiders remained in Simpson Lagoon and
Harrison Bay as late as 22-23 September in 1977-79 (Table 9). Similarly,
little eider migration was noted along the Yukon coast in August or
September of 1971-72 {Schweinsburg 1974a; Gollop and Davis 1974).

In contrast, large numbers of female eiders and (after late August)
young-of-the-year pass Point Barrow during late summer. Timson (1976)
estimated that about 173,000 eiders passed her observation site in the
27 August-16 September period (14,625 actually seen in 68 h).

The above results suggest that many post-breeding and juvenile eiders
bypass Simpson Lagoon during fall migration. It is unclear what route
these birds follow. Some eiders are seen in relatively shallow waters of
the southern Beaufort Sea beyond the barrier islands in late summer
(Table 9; see also Bartels 1973; Watson and Divoky 1974; Divoky 1978a).

However, densities farther offshore are very low (Searing et al. 1975;

Harrison 1977; Divoky 1978a).
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Phalaropes. Few phalaropes were seen in active fall migration,
although premigratory staging phalaropes were abundant along the Jones
Islands during mid to late Augustof 1977 and 1978 (see 'PREMIGRATORY
STAGING” section). All phalaropes collected in the Simpson Lagon area
in August were young-of-the-year. Peak numbers along the shorelines of
Simpson Lagoon were about 6100 on 16 August 1977 and 2475 on 29 August
1978. Northern phalaropes were much less abundant..than red phalaropes.

The majority of the phalaropes had departed by early September.
However, during 1977 some flocks were observed in the study area as late
as 14 September. Although no phalaropes were recorded in the study area
after 3 September 1978, a flock of approximately 400 was recorded in the
Sagavanirktok River delta on 23 September 1978, and two small flocks of
four and eight phalaropes were seen in an area of oPen water along the
east side of the ARCO Causeway (Prudhoe Bay) on 14 and 15 October 1978,
respectively.

Jaegers. Almost no jaegers were seen to migrate through Simpson
Lagoon in late summer (Table 10, 11). There was also no clear westward
migration along the Yukon coast in August-September of 1971 or 1972, and
few jaegers pass Point Barrow at this time (Johnson 1971; Timson 1976).
Jaegers are apparently widely distributed in nearshore and offshore waters
of the Beaufort Sea in August and early September (Frame 1973; Harrison
1977; Divoky 1978a).

Glaucous Gull. Little westward movement of glaucous gulls through

Simpson Lagoon was evident up to the end of regular observations around

22 September in 1977 and 1978. In all years (1977-79) the numbers of
glaucous gulls present in the lagoon area increased during September

(1-able 9; see 'PREMIGRATORY STAGING” section, below). In 1972, westward
migration along the Yukon coast began in mid-September (Gollop and Davis
1974). 1t is probable that there was considerable migration through Simpson
Lagoon in late September and October (cf. Bailey 1948). However, glaucous
gulls are also common in offshore waters of the western Beaufort Sea in

late summer (Frame 1973; Watson and Divoky 1974; Divoky 1978a). Thus it

is probable that many fall migrants bypass Simpson Lagoon.
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Arctic Tern. Terns began to move west through Simpson Lagoon in
mid-August of 1977. Large noisy flocks of adults and juveniles were ob-
served moving westward at high altitudes along the Jones Islands (Table 10).
The fall migration of arctic terns had terminated by 30 August 1977.
Possibly because the field camp was situated on the mainland and because
systematic migration watches were not conducted during fall 1978, no such
movement of arctic terns was noted during fall 1978. Terns also moved
west along the Yukon coast in mid and late August of 1972 (Gollop and
Davis 1974; Table 11). At Point Barrow, fall migration of terns was
mainly in August during 1976 (Connors and Risebrough 1977:444; Divoky 1978a:
489), but some terns were present in early September. Timson (1976) es-
timated that 1879 terns passed her observation site at Point Barrow in the
27 August-16 September 1975 period. Although the highest densities of
terns are found near the barrier islands during the late summer period
(Table 9; see also Harrison 1977; Divoky 1978a), some terns do occur far

offshore at this time (Divoky 1978a).

Species Noteworthy for their Scarcity. Several species that might

be expected to be common fall migrants through Simpson Lagoon were not
(Table 10). Some of these species were common migrants or summer residents
at Simpson Lagoon earlier in the season, but were uncommon transients
during late summer (e.g., white-fronted geese, pintails, scoters, jaegers,
Sabine's gulls). Some of these species, and some others, are common fall
migrants elsewhere in the North Slope area but not over the nearshore
waters of Simpson Lagoon.

Snow and white-fronted geese, pintails and scoters are common fall
migrants along the Yukon coast but not at Simpson Lagoon (Table 11).

Most of these species migrate through the Brooks Range in small numbers
(Irving 1960). However, their main fall migration routes out of the
Beaufort Sea area are up the Mackenzie Valley (Campbell 1973; Salter 1974;
Bellrose 1976; Koski 1977).

Sabine's gulls, on the other hand, are common during late summer at
Point Barrow (Scale 1898; Bailey 1948; Bee “1958; Timson 1976; Connors and
Risebrough 1977; Divoky 1978a), but are not common at this time either
at Simpson Lagoon or along the Yukon coast. They are widely distributed

in offshore waters of the western Beaufort Sea in late summer (Frame 1973;
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Watson and Divoky 1974; Divoky 1978a), so it is probable that their west-
ward fall migration from the Beaufort Sea area is largely through offshore
waters.

Most Thayer’s gulls have been presumed to migrate through the Beaufort
Sea while en route between their breeding areas in the Canadian arctic
isTands and their wintering areas along the Pacific coast (e.g., Watson
and Divoky 1974). Those authors saw only a few offshore in the western
Beaufort Sea in late summer, and suggested that most may move through
inshore waters. Some Thayer's gulls have been collected in northwest
Alaska in fall (Bailey 1948), but there is no evidence of a significant
westward movement near the Yukon coast or in the Simpson Lagoon area,
at least up to the third week of September (Table 11).

In summary, the most abundant late summer and fall transients in
Simpson Lagoon are brant, oldsquaws, phalaropes and, to a lesser degree,
arctic terns. Numerous loons and eiders also move through the lagoon,
but the numbers involved are small relative to known population sizes.
Glaucous gulls probably migrate through the lagoon in large numbers in
fall, but most of this migration occurs after our systematic studies ended
(i.e. , after 22 September). Snow geese, white-fronted geese, pintails,
scoters, jaegers, Thayer's gulls and Sabine's gulls are all only scarce
migrants in nearshore areas during late summer and fall.

Discussion

Migration is inherently a large scale phenomenon. To understand
migration patterns in a small area such as Simpson Lagoon, it is necessary
to consider migration patterns and environmental conditions over a much
larger area.

Spring Migration

The Beaufort Sea is largely ice-covered during spring migration.
However, some areas of open waterdo exist, and many of these are quite
consistent from year to year. The existence of recurring areas of open
water and recurring patterns of ice break-up has undoubtedly had profound
influences on the development of waterbird migration routes and timing in

the Beaufort Sea area.
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Spring lce Conditions. Ice conditions in the Beaufort Sea have been
studied intensively in recent years. The following description is based
on Markham (1975), Marko (1975), Shapiro and Barry (1978) and Dey et al.

(1979), as well as our own analyses of aerial survey data and interpre-

tation of satellite imagery (Richardson et al. 1975; Searing et al. 1975).

Even during the early part of arctic spring (April), a lead is present
just beyond the edge of the narrow shelf of landfast ice bordering the
Chukchi coast of northwest Alaska. Thus open water is present as far to
the northeast as Point Barrow. East from there to the Tuktoyaktuk
Peninsula, N.W.T., an unbroken and generally broad sheet of landfast ice
covers the nearshore waters of the southern Beaufort Sea. Currents and
winds cause leads and cracks to form and disappear on an irregular schedule
along the northern edge of this landfast ice and in the heavy pack ice to
the north. Thus there are usually some small areas of open water far off-
shore in the Beaufort Sea during early spring, but their positions are
predictable in only a general way. However, along the eastern edge of the
Beaufort Sea--just west of Banks Island and north of the Bathurst Peninsula--
areas of open water are quite dependably present even in early spring.

Some of these areas are no more than 30 m deep, which is within the diving
range of oldsquaws and possibly eiders (Palmer 1976; Peterson and Ellarson
1977).

Thus, open water is dependably present in early spring off northwest
Alaska (NE to Point Barrow) and in the extreme eastern part of the
Beaufort Sea. In the intervening area (which is 1000 km wide), small
areas of open water are usually present in the pack ice far offshore, but
nearshore areas are covered by thick landfast ice.

During May and the first half of June, the period of peak spring
migration, the same general pattern prevails. However, areas of open water
become somewhat more extensive:

- Leads tend to become commoner and larger.

- The areas of open water in the eastern Beaufort Sea become
very extensive and expand westward, particularly when the
spring flood of water from the Mackenzie River reaches the
sea in late May and June (Davies 1975).

- River and stream runoff onto the landfast ice along the
Alaskan and Yukon coasts initially produces areas of fresh-
water on top of the ice (e.g., Walker 1974). Ice melt is
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rapid in these areas, so shoreleads form off river mouths
during June--well before most of the landfast ice breaks

up.
Thus, during the peak of spring waterbird migration, an extensive area

of open water in the eastern Beaufort Sea is still separated from open

water near Point Barrow by a large area where the only open water is in
leads far offshore and (after early June) in local areas at the mouths of
rivers.

In the Simpson Lagoon area, landfast ice extends northward at least
25 km from the barrier islands during spring (W.J. Stringer, in Shapiro and
Barry 1978:19). The northern edge of the landfast ice is oriented WNW-ENE,
parallel to the general trend of the Beaufort Sea coast of Alaska. River
and stream water flows out onto the ice of Simpson Lagoon from the Kuparuk
River and smaller streams during the first two weeks of June (Schamel
1978; this study). In early June of 1977 and 1978, water from the Colville
River covered an extensive area in Harrison Bay, but did not flow into
Simpson Lagoon. In mid June, the landfast ice lifted from the bottom of
Simpson Lagoon (see Griffiths and Dillinger 1980), and shoreleads began to
form along the barrier islands (both sides) and mainland. In early to mid
July, the lagoon ice broke up and moved out of the lagoon into Harrison
Bay, which by this time was also breaking up. Ice in the nearshore Beaufort
Sea north of the barrier islands often does not break up until several
weeks after that in the lagoons.

The mainland tundra in the Simpson Lagoon-Prudhoe Bay area remains
largely snow covered until late May, and snowmelt proceeds rapidly in early
June. Snowmelt begins earlier on inland portions of the North Slope
despite the higher elevations inland (Benson et al. 1975; Holmgren et al.
1975). The prevailing ENE onshore winds cause temperatures to be lower
along the coast than inland (Brown et al. 1975; Walker and Webber 1979).

Eastward Migration along the Coast. Along the northwest coast of

Alaska, where open water occurs rather close to shore during spring, very
large numbers of waterbirds can be seen migrating northeast over nearshore
waters (Gabrielson and Lincoln 1959; Johnson 1971). East of Point Barrow,
there is also a conspicuous eastward migration of waterbirds near the

icebound coast. However, it has long been evident that, for most species,
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the numbers migrating along the coast east of Barrow are comparatively low
(Brooks 1915; Irving 1960:275). Observations from islands and points of
land have suggested that much of the migration, especially in early spring,
occurs too far offshore to be seen from land (Anderson 1937:118; Barry 1972;
Schamel 1978).

This study and an earlier one conducted in 1975 provide the first
systematically-derived estimates of numbers of waterbirds migrating along
the Alaskan or Yukon coasts of the Beaufort Sea in spring. Table 4 pro-
vides such estimates for both the Simpson Lagoon area and the Yukon coast.
Some of the noteworthy results are the rather low estimated numbers of
certain species passing through the Simpson Lagoon area in the spring of
1977: only about 1200 loons, 2100 brant (probably more in 1978), 10,000
oldsquaw, 4800 eiders, 11 Sabine's gulls, and 130 arctic terns. These
estimates are imprecise, for reasons already mentioned, and include only
low-altitude visible migration. However, they are based on a considerable
volume of systematically-collected data, and are comparable in reliability
to previous summer and fall results from Point Barrow (Thompson and Person
1963; Johnson 1971; Timson 1976). Consistent with our low estimates, radar
shows that the eastward migration past Simpson Lagoon in spring is broad-
front in character, with little concentration near the rather irregular-
shaped coast.

During late May and the first half of June, the 0liktok radar routinely
shows an eastward broad-front migration over the North Slope (Fig. 3, 8,

9; see also Flock 1973). Eastbound migrants are usually present to the
1imits of radar detectability 50-75 km inland. The species composition
of these migrations is not adequately known, but visual observations from
the coast indicate that many brant and some jaegers fly over portions of
the tundra within a few kilometers of the coast.

Farther east, along the coast of the northwestern Yukon Territory,
both visual and radar evidence show that more of the eastbound migrants
are narrowly concentrated along the coast. Migrants that were markedly
more abundant there than at Simpson Lagoon included brant (about 26,000
vs 2100 estimated) and arctic terns (about 790 vs 130). However, loons,
oldsquaws and eiders, which are known to be abundant migrants in the
Beaufort Sea area (Johnson 1971; Timson 1976), were seen in only modest

numbers along the Yukon coast.
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Counts from Cape Dalhousie at the top of the Tuktoyaktuk Peninsula
in the SE Beaufort Sea also revealed only modest numbers of eastbound loons,
oldsquaws and eiders. The numbers seen passing within 1.6 km of the
observer during daily watches of 12-h duration during 29 May-16 June 1972
totalled only 275, 1507 and 1659, respectively (Barry 1972). Only 192
jaegers, 354 glaucous gulls, 64 Sabine's gulls and 23 arctic terns were
reported at Cape Dalhousie.

Thus there is an important broad-front eastward migration over the
arctic coastal plain and southern Beaufort Sea during spring, but the coast
itself does not form a major route for narrow-front eastward migration,
at least in the Simpson Lagoon area. The many eastbound waterbirds visible
to a coastal observer represent only a small portion of the total eastward
movement. The brant is the only bird whose Beaufort Sea population appears
to be highly concentrated anywhere along the coast during spring migration,
and this concentration is along the Yukon coast, not at Simpson Lagoon.

The lack of concentration along the coast in the Simpson Lagoon area
during spring presumably is attributable to (1) the presence of a continuous
sheet of landfast ice over nearshore waters, (2) the irregularity of the
coast (poor leading line), and (3) the great width of the arctic coastal
plain (little funneling effect). Even after river water overflows onto the
ice in early June, access to marine food resources is blocked by the under-
lying ice. Little or no food is accessible to waterbirds in nearshore areas
until shoreleads form in mid June. Only then do birds gain access to the
amphipods, mysids and fish that recolonize the shallow waters during mid
to late June (Griffiths and Dillinger 1980; Craig and Haldorson 1980).

Some waterbirds (especially brant) did land on the river water present
on top of the lagoon ice in early June 1977. It is unlikely that any
significant amount of food was available to these birds, although two

yellow-billed loons were seen to dive into this water on 8 June 1977.

Eastward Migration Offshore. Visual and radar observations at Point

Barrow suggest that, after passing that location, most eiders fly ENE toward
the offshore waters of the Beaufort Sea (Flock 1973). There have been no
systematic observations offshore in the Alaskan Beaufort Sea during spring,
but in 1974 large numbers of eiders and oldsquaws appeared in the leads and
polynyas of the eastern Beaufort Sea during May (Searing et al. 1975).
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Indeed, Inuit have reported that some oldsquaws, common eiders and king
eiders are present at the floe edge off SW Banks Island in April (Manning
et al. 1956).

Extensive aerial surveys of the Canadian Beaufort Sea in the springs
of 1974 and 1975 showed that loons (especially yellow-billed), brant and
glaucous gulls were also widely distributed in small numbers far offshore
(Searing and Richardson 1975*; Searing et al. 1975; Richardson et al. 1975;
Barry 1976a). These species, as Well as eiders and oldsquaws, probably
migrate eastward through offshore portions of the Beaufort Sea. However,
jaegers were scarce, arctic terns were almost absent, and Sabine's gulls
were not seen. Aerial surveys in the Baffin Bay area of the eastern arctic
during the spring migration period have shown higher densities 0f migrating
Jjaegers near the floe edge than over pack ice or open water farther off-
shore. However, migrating arctic terns in the eastern arctic are widely
distributed over offshore areas (Johnson et al. 1976; McLaren and Renaud
1979).

In the absence of aerial survey or other data from offshore waters
of the Alaskan Beaufort Sea in spring, patterns of waterbird migration are
highly uncertain. Inferences about the species composition, timing and
certain characteristics of the movements can be made from observations
at Point Barrow, in the Canadian Beaufort Sea, and elsewhere. However,
the specific routes, stopover locations (if any) and numbers of migrants
in offshore waters are unknown. Radar observations from the coast (Flock
1973; Richardson et al. 1975; this study) show that there is broad front
movement to the E and ESE over the landfast ice zone and at least the
southern edge of the pack ice (Fig. 8). Visual observations suggest that
oldsquaws, eiders, loons and glaucous gulls are the main species moving
east over the landfast ice north of the barrier islands (Table 4, column G;
Schamel 1978). However, neither island-based observers nor coastal radars
can detect the low-altitude flights that probably occur along and beyond
the floe edge. The apparent decrease in frequency and density of eastward
migration with increasing distance from shore (Fig. 8) may be an artifact

of the reduced ability of the radars to detect birds at increasing distances.

*This unpublished report includes maps of sightings for some species not
mapped in the published version.
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There have been both radar and visual observations of birds approaching
the North Slope from the north in spring (Flock 1973; Richardson et al.
1975; Schamel 1978). Schamel ”s visual observations involved red phalaropes.
It is possible that some waterbirds that nest on the Alaskan North Slope
migrate over offshore areas, and remain offshore until snow melt occurs
on land or until river runoff produces shoreleads in the nearshore landfast

ICe.

Northeast and North Migration through Interior Alaska. The offshore

and coastal routes discussed above are not the only routes by which water-
birds wintering in Alaskan or Pacific waters reach the Beaufort Sea.

Radar observations in the northern Yukon show that some birds fly northeast
from interior Alaska, across the North Slope of extreme NE Alaska and the
Yukon, and out over the Beaufort Sea (Fig. 8; details in Richardson et al.
1975). Such flights were detected as early as 12 May. Some brant (Cade
1955; Irving 1960) and jaegers (Dean et al. 1976; bB. Kessel pers. comm.
1978) are known to follow such a route, at least as far as the North Slope,
during late May and June. However, it is unlikely that brant or jaegers
were responsible for the northeastward migration detected by radar in mid-
May .

Other species present offshore in the Canadian Beaufort Sea in mid to
late May are oldsquaws, common and king eiders, and glaucous gulls. There
is no direct evidence that members of any of these species fly NE across
interior Alaska and then out into the Beaufort Sea, but the radar evidence
suggests that some must do so.

Oldsquaws seem to be the most likely possibility. They migrate through
interior Alaska and the Yukon in at least small numbers (Kessel and Cade
1958; Irving 1960), and during spring they are known to migrate overland
for long distances, mostly at high altitudes, in northern Europe (Bergman
and Dormer 1964; Bergman 1974, 1977) and in central North America
(Bell rose 1976).

Eiders are not known to migrate in significant numbers across interior
Alaska, but they are not always confined to coastal and offshore routes.
Some cross the Seward Peninsula and the tundra south of Barrow during spring
(Myres 1958; Johnson 1971; Flock 1973; Palmer 1976). There are well-

documented overland migrations of common eiders in eastern North America
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(Gauthier et al. 1976), Denmark (Schmidt 1976), and southern Sweden (Swegen
1972; Alerstam et al. 1974). In the Swedish case, most of the eiders were
already at heights of 200-450 m AGL (maximum 800 m) after traveling at
most 50 km overland (Karlsson 1976). Many king eiders are known to fly
overland across Baffin Island during their molt migration (Wynne-Edwards
1952). There is circumstantial evidence of a long (1200 km) non-stop
spring migration of common eiders from western Norway across the Scandinavian
mountains, the frozen Gulf of Bothnia, and Finland to the White Sea (Folkestad
and Moksnes 1970; Bergman 1974:133). Radar data show that, over the Gulf
of Bothnia, the birds presumed to be eiders are at altitudes of 1500 to
2000 m or more. Thus it is possible, on the basis of eider behavior else-
where, that some eiders fly non-stop and unseen over Alaska to the eastern
Beaufort Sea.

Some glaucous gulls migrate through interior Alaska in spring (Kessel
and Cade 1958; Irving 1960). However, it is doubtful that they fly fast
enough to account for the fast-moving flocks of birds detected migrating
NE over the northern Yukon in May 1975.

Some other waterbirds also bypass much or all of the Alaskan portion
of the Beaufort Sea and take a more direct overland route to NE Alaska or
the western Canadian arctic. Some arctic loons, yellow-billed loons, and
perhaps arctic terns fly overland along this route (Kessel and Cade 1958;
Irving 1960; Kessel and Schaller 1960; Palmer 1962; Griffiths 1973).

Some of these species nest in the interior as well as along the arctic
coast, so it is uncertain how many continue on to the coast. However,
arctic loons are known to undertake long overland migrations in Europe
(Schiiz 1974; Cramp and Simmons 1977), and some arctic terns apparently fly
overland to the James Bay area (Godfrey 1973). In view of their scarcity
in the Alaskan Beaufort Sea in spring, many Thayer's and perhaps Sabine's
gulls may also fly overland.

Many other waterbird and shorebird species that are summer residents
of the North Slope also fly north through the interior of Alaska. These
include snow, Canada and white-fronted geese, pintails, scoters and various
shorebirds. (Kessel and Cade 1958; Kessel and Schaller 1960; Irving 1960).
Some of these species are common on tundra and freshwater habitats north

to the coast of the Beaufort Sea, but these species do not move north into

212



the Beaufort Sea itself during spring. Derksen and E’ldridge (1980) discuss
the status of the pintail on the North Slope.

Northwestward Migration into Arctic Alaska. Irving (1960:276) stated
that “there are no reports known to me which indicate that spring migration

passes westward from Mackenzie to the arctic coast of Alaska’. Recent
studies in northwestern Yukon have shown that significant numbers of
whistling swans and pintails fly west into Alaska along the coast; small
numbers of white-fronted, snow and Canada geese also follow this coastal
route (see Table 4, based on data of Johnson et al. 1975; see also Brooks
1915; Schmidt 1973; Gollop and Davis 1974:161).

All five of these waterfowl species apparently also migrate west in
spring through interior portions of the Yukon coastal plain (Salter et al.
1980). Many if not all of the whistling swans nesting on the Alaskan
North Slope are members of the Atlantic-wintering population {Sladen 1973),
and thus are likely to migrate W and NW from the Mackenzie Valley rather
than through the interior of Alaska. The other four species listed above
migrate north through interior Alaska as well as W along the coast. None
of these five species uses marine habitats to any significant degree.

Bellrose (1976) indicates that over 10,000 snow geese migrate west
along or near the Beaufort Sea coast from the Mackenzie Delta to Point
Barrow and onward to Wrangel Island, U.S.S.R. We know of no observational
evidence of such a migration.

The Ffive waterfowl species discussed above migrate west along the
Yukon and Alaskan North Slope in only small to moderate numbers. The numbers
of westbound migrants seen visually are quite inconsistent with the nearly
continuous and broad-front westbound migration detected by radar during
spring (Fig. 4, 8, 10). From mid June onward, westward molt migration of
seaducks (oldsquaws, eiders, scoters)no doubt accounts for much of the
westward migration evident on radar. In some years (e.g., 1975) there is
also a conspicuous westward migration of non-breeding jaegers away from
their nesting areas in mid and late June (see Fig. 6 and Maher 1974).

These movements may account for the increase in the rate of westward migration
as June progresses (Fig. 4), but they do not account for the westward
migrations in late May and early June.
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Shorebirds are likely responsible for much of the west and WNW migra-
tion detected by radar during spring. Of five sandpiper species listed
as abundant at Prudhoe Bay, Barrow, or both by Norton et al. (1975), four
species-- the semipalmated, Baird’s, pectoral and buff-breasted sandpipers--
migrate to northern Alaska from the interior of the continent (Palmer 1967;
Martinez 19774, 1979; Barrington and Morrison 1979; Jehl 1979; Lank 1979).
American golden plovers and long-billed dowitchers as well as pectoral
sandpipers are conspicuous eastbound migrants in the northern Yukon during
late summer (Campbell 1973; Gollop and Davis 1974; Vermeer and Anweiler
1975; Salter et al. 1980), and some likely migrate WNW through northern
Alaska in spring. All six of these species are common at Anaktuvuk Pass
in spring (lrving 1960), so it is likely that only a fraction of the in-
dividuals nesting in northern Alaska migrate WNW or W along the North Slope.
Some pectoral sandpipers and long-billed dowitchers migrate west from
Alaska to breeding areas in Siberia (Houston 1965; Palmer 1967; Martinez
1979), although not necessarily through northern Alaska. Shorebirds are
normally very inconspicuous during their long distance migrations, which
often occur at high altitudes (see Richardson 1979 for review). Thus they
are likely to be much more prominent on radar than visually. Sandpipers

and plovers do not use shoreline habitats along the Beaufort Sea in spring.

Attraction to Open Water. The timing and routes of spring waterbird

migration into and through the Beaufort Sea are strongly influenced by
seasonal patterns of availability of open water, on which marine waterbirds
depend for access to food. Open water is a scarce commodity in spring, and
the evidence indicates that migrating waterbirds can be expected to land on
any available open water in nearshore areas (this study; Bergman et al.
1977; Schamel 1978). Thus, it is almost certain that some waterbirds

would be contaminated if oil or another contaminant were present during

spring in any nearshore area with open water.

A further cause for concern is that some birds appear to be attracted
to pools of oil on top of ice, presumably mistaking the oil for open water
(Dubrovsky 1959; Barry 1970, 1976 b). Such pools could occur not only if
oil is spilled onto the ice from above, but also when oil that has accu-
mulated under the ice in winter migrates upward through the melting ice

in spring (Lewis 1978). The situation would be especially serious in a
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heavy-ice year when there is little or no open water offshore in the
Beaufort Sea. Waterbirds are severely stressed in such years (Barry 1968),
and would be expected to concentrate even more than usual in any available
area of open water (Barry 1976b). Birds presumably would be especially

likely to land in pools of oil if 1ittle or no open water were present.

Molt Migration

The summer molt migration of adult male eiders past Point Barrow is
well known from the work of Thompson and Person (1963), Johnson (1971) and
others. The molt migrations of oldsquaws and scoters are much less well
documented. Indeed, even in the case of eiders there are important gaps

in knowledge.

Eiders. Systematic observations at Point Barrow began on 14 July in

1953 (Thompson and Person 1963) and on 13 July in 1970 (Johnson 1971).
The westward migration of eiders at Simpson Lagoon begins in early July
(Fig. 16), and at Barrow the duck camp became active about that time in
1970 (Johnson 1971:6). Thus the earliest stages of the molt migrations
have not been included in previous studies.

The routes of westbound eiders in areas east of Point Barrow are
poorly known. Anderson (1937) reported a lardge flight past the tip of the
Bathurst Peninsula in mid July of 1912; he does not give total numbers,
but the implication is that many thousands were seen. In contrast, few
eiders move west along the Yukon coast in July (Fig. 16), and Brooks (1915)
and Schmidt (1973) imply that only modest numbers move west along the coast
of NE Alaska. Our results show that the numbers migrating through Simpson
Lagoon in July are in the thousands, 1in contrast to the hundreds of thou-
sands that pass Point Barrow at this time. Similarly, Hall (1975) and
Schamel (1978) observed no major westward migration of eiders through near-
shore waters in the Simpson Lagoon area. Thus, there is no evidence of a
concentrated westward molt migration of eiders along the south-central
coast of the Beaufort Sea (Simpson Lagoon to Mackenzie Delta). Major
westward molt migration is apparently evident at Cape Bathurst, N.W.T.,
in the SE Beaufort Sea, as well as at Point Barrow.
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Radar evidence about the routes of the eiders is, for the most part,
inconclusive. During early July, broad-front WNW migration occurs over the
North Slope and southern Beaufort Sea around the Yukon-Alaska border
(Richardson et al. 1975). However, scoters and perhaps oldsquaw must ac-
count for at least a portion of that movement. During late July, on one
occasion of major westward eider migrations (numbers unstated) along the
coast past Lonely, Alaska (approximately 130 km west of Simpson Lagoon),
Lonely radar showed an intense broad-front westward migration over the
coastal plain (Flock 1973). However, in neither of these studies is it
known that eiders were the birds responsible for the broad-front movements.
Eiders engaged in molt migration do fly overland at Baffin Island (Wynne-
Edwards 1952) and in Denmark (Salomonsen 1968; Schmidt 1976); overland
migrations by eiders at other seasons were mentioned earlier.

Radar observations at Point Barrow indicate that most eiders approach
the point in a rather narrow stream along the shore or barrier islands;
their flight direction is about 290° as they approach the point, and gradually
changes to 250° west of the point (Flock 1973).

An aerial survey of the Canadian Beaufort Sea during 3-7 July 1974
showed that eiders were present as far as 115 km from shore, although most
of those seen were less than 60 km offshore (Searing et al. 1975:231).

A total of 721 eiders were seen along about 4200 km of transects (0.44/km?).
The numbers present offshore decreased during surveys later in July.

Surveys offshore in the Alaskan Beaufort Sea during the summer have shown
that few eiders are present in offshore waters (Bartels 1973; Frame 1973;
Harrison 1977; Divoky 1978a). However, most of these surveys of Alaskan
offshore waters were conducted after the period of peak molt migration by

male eiders.
The relative abundances of common and king eiders during molt migration

vary markedly from place to place. At Point Barrow, *35% of the westbound
eiders seen and 95% of the eiders shot from mid July to early September

1970 were king eiders (Johnson ?971). King eiders also predominate in other
years (Thompson and Person 1963). However, at Simpson Lagoon king and common
eiders comprised 42% and 58%, respectively, of the 4711 westbound eiders

that were specifically identified in the 26 June-31 July period of 1977 and
1978 (Table 7). If only the westbound eiders seen during systematic watches
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at Simpson Lagoon are considered, the percentages are 62% king and 38%
common (Table 6). Westbound spectacle and Steller's eiders together
comprise less than 1% of the flight at both Point Barrow and Simpson
Lagoon. At Cape Bathurst, Anderson (1937) found that king eiders predomi-
nated initially, but by 18 July “there were about as many Pacific [Common]
Eiders as King Eiders”’. Of the 840 eiders identified during aerial surveys
of the southeastern Beaufort Sea in July 1974, 51% were king and 49% common
(Searing et al. 1975:20).

The total number of common eiders in the Beaufort Sea area is not
well known. T.W. Barry estimated that a fourth of the eiders there, or
about 275,000, are common eiders (cited in Bellrose 1976:356). Over 75,000
common eiders were seen in a single lead in the eastern Beaufort Sea on
21 May 1974 (Searing et al. 1975:126). Thus the relative abundances of king
and common eiders at Point Barrow during the summertime molt migration
appear atypical of those elsewhere in the Beaufort Sea area. Some common
eiders remain in the Beaufort Sea area to molt (HShn 1955; Smith 1973;
Ward 1979). Even if more common than king eiders molt in the Beaufort
Sea, it is noteworthy that the king:common ratio is much higher during
molt migration at Point Barrow than at Simpson Lagoon or Cape Bathurst.

Oldsquaw. This study provides the first systematic documentation of
the westward molt migration of male oldsquaws along the Alaskan north coast.
There were previous observations of this migration (see below), but its
magnitude has not been documented before. Similarly, there are few well-
documented cases of molt migrations of oldsquaws elsewhere in their circum-
polar range (Salomonsen 1968; Palmer 1976; Cramp and Simmons 1977). The
best known case is a northward molt migration of oldsquaws from eastern
Siberia to Wrangel Island (Salomonsen 1968).

During the systematic migration watches at Point Barrow, very few
oldsquaws have been seen moving west before late August (Johnson 1971;
cf. Thompson and Person 1963; Timson 1976). In the Simpson Lagoon-Prudhoe
Bay area, several previous authors have mentioned the build up of molting
oldsquaws along the coast during summer, but the existence of a major west-
ward migration has not been mentioned (Hall 1975; Gavin 1976; Schamel

1978). Farther east, near the Alaska-Yukon border, westward migration of
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oldsquaws has been noted in late June and July (Brooks 1915; Schmidt 1973;
Gollop and Davis 1974). Similarly, Anderson (1937) saw a few oldsquaws
moving west at Cape Bathurst, N.W.T., in mid July.

The peak of the molt migration through Simpson Lagoon in 1977 and
1978 was in the first half of July, with a secondary, smaller peak later
in July (Fig. 16). The systematic migration watches at Point Barrow did
not begin until mid July, so the first peak might have been missed there.
However, Divoky (1978a:482) did not record a westward molt migration through
Elson Lagoon in late June or early July of 1976. It seems highly unlikely
that any major westward movement in late June or early July could have
passed unnoticed by Divoky (1978a) and the numerous other ~investigators
who have worked at Barrow.

Thus it is probable that the oldsquaws that move west through Simpson
Lagoon in early July either remain in the western Beaufort Sea to molt, or
bypass Point Barrow. Many oldsquaws are present between Simpson Lagoon and
Barrow during July and August, the molt and post-molt periods (this study;
Divoky 1978a:432). However, scattered groups of oldsquaws are also present
in offshore waters of the western Beaufort Sea in July (Harrison 1977:422).
This suggests that some molt migrants do not follow the coast, and thus may
bypass Point Barrow. The ability of oldsquaws to dive to great depths
(perhaps as deep as 60 m--Palmer 1976), together with the shallowness of
much of the southern Beaufort Sea, would allow oldsquaws to feed on benthic
organisms even during migration across areas far from shore.

The numbers of oldsquaws seen migrating west along the Yukon coast in
late June and July of 1972 and 1974 (Fig. 16) are much too low to account
for the arrival of tens of thousands of oldsquaws in lagoons and bays along
the north coast of Alaska during July (see “MOLTING” section, below). A
high percentage of the male oldsquaws that appear along the Alaskan coast
probably move to the sea from adjacent breeding areas on the mainland.

Those that migrate west through the lagoon in early summer may be engaged

in a short-distance molt migration within the Alaskan Beaufort Sea region.
However, oldsquaws were also widely distributed in small numbers in offshore
waters of the eastern Beaufort Sea in late June and early July of 1974 and
1975 (Richardson et al. 1975; Searing et al. 1975). Although ice conditions
in 1974 were atypically severe, these results and the previously mentioned
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sightings offshore in the western Beaufort Sea in July (Harrison 1977)
suggest that there may be a significant westward molt migration of old-

squaws over offshore waters.

Scoters. Surf and white-winged scoters are common nesting birds north
to the Mackenzie Delta (Porsild 1943; Cowan 1947; Martel 1975). They also
nest sparingly in the interior of northern Alaska (lrving 1960), but not
to any significant extent along the arctic coast. The black scoter is
uncommonin the Beaufort Sea area even as a non-breeding visitant.

Male scoters begin to move west across the Mackenzie Delta in mid June
(Porsild 1943), and move west along the Yukon coast into Alaska in late June
and July (Fig. 16; see also Andersson 1973; Gollop and Davis 1974). Surf
scoters and smaller numbers of white-winged scoters were common molt migrants
at Simpson Lagoon in 1978, although not in 1977. Few scoters move west as
far as Point Barrow. Fewer scoters occur in the Simpson Lagoon-Prudhoe Bay
area during the molting period than occur along the coast of extreme north-
eastern Alaska and the northern Yukon; especially large numbers molt near
Herschel Island, Y.T. (4500 estimated by Vermeer and Anweiler 1975; see
also Andersson 1973; Gollop and Richardson 1974; Gollop, Goldsberry and
Davis 1974a; Ward and Sharp 1974; Salter et al. 1980). Even larger concen-
trations may occur just east of the Mackenzie Delta (Barry 1972; Searing et
al. 1975:131).

Some scoters appear in leads and polynyas of the eastern Beaufort Sea
as early as late May (Johnson et al. 1975; Searing et al. 1975). It seems
likely that these are immature or non-breeding birds, which sometimes
continue northward beyond the breeding range (Palmer 1976:303).

The molt migrations and other movements of scoters in North America
are poorly understood (Bellrose 1976; Palmer 1976). The west and northwest
molt migration along the south coast of the Beaufort Sea is now one of the
best-known examples of molt migration in North American scoters. This
movement, unlike the molt migrations of eiders and oldsquaws in the Beaufort
Sea area, is in a direction contrary to the fall migration. In contrast,
the well-known molt migrations of black and white-winged scoters in northern
Europe are generally toward the wintering areas (Salomonsen 1968; Bianchi
and Krasnov 1976; Schmidt 1976; Viksne and Baumanis 1976; Cramp and Simmons
1977; Graubits and Janaus 1977; Moskalev 1977; Zhalakevicius 1977).

219



Importance of Simpson Lagoon to Molt Migrants. Some 0ldsquaws and

smaller numbers of eiders and scoters land in Simpson Lagoon during their
westward molt migrations (Table 8). However, the peak of the oldsquaw molt
migration occurs in early July, around the time of breakup of the lagoon
ice. In many years the amount of open water in the lagoons at the time of
peak oldsquaw movement is low (shoreleads only). The very large numbers of
male oldsquaws (tens of thousands) that molt in the lagoon do not reach
their peak abundance until later in July, after breakup and the peak of
westward molt migration (see “MOLTING” section, below). Thus the lagoon

is of only moderate importance to ducks during molt migration per se but

it is of great importance as a destination for molting oldsquaws.

Fall Migration

Brant, oldsquaws, phalaropes and, to a lesser degree, arctic terns
are abundant late summer and fall transients in Simpson Lagoon. Loons and
eiders are also common westbound migrants, but their numbers, like those of
oldsquaws, are apparently small relative to numbers passing Point Barrow at
this time (ef. Timson 1976). Most glaucous gulls, as well as many oldsquaws
and eiders, probably migrate westward through the lagoon in late September
and October, after our observations ended.

Waterbirds whose migration is concentrated along the coast are most
susceptible to development of the nearshore zone. The brant appears to be
the species whose autumn migration route through the Simpson Lagoon area is
most narrowly confined to the coastal zone. Brant fly westward in a narrow
corridor along the coast from the northern Yukon at least as far as Simpson
Lagoon (see “Results’, above). They commonly land on coastal wetlands
during these flights (Searing et al. 1975; Bergman et al. 1977; Koski 1977).
Brant would be especially vulnerable if high water levels caused by a late
summer storm (Henry 1975) carried oil onto low-lying coastal areas. The
large flocks of brant that molt near Cape Halkett, west of Simpson Lagoon,
during at least some summers (King 1970) might also be vulnerable.

The westward migration of brant through the south-central portion of
the Beaufort Sea area is mainly WNW along the coast, but west of Simpson
Lagoon most brant apparently follow a more direct westerly or WSW route
overland south of Barrow (Johnson 1971; Pitelka 1974; Timson 1976). It
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is not surprising that brant, despite their close association with marine
areas, undertake this overland flight. In spring, a considerable number

of brant fly NE across interior Alaska (see Cade 1955 and earlier discussion).
Furthermore, the normal migration routes of many brant in eastern North
America and Europe include long overland segments {Lewis 1937; Bellrose

1976; Bergman 1978).

Oldsquaws migrated west through Simpson Lagoon in late summer of 1977,
and tens of thousands still in the area when our observations ceased must
have migrated away from Simpson Lagoon in late September or perhaps October.
However, the amount of westward migration through the lagoon in late summer
was modest compared to that at Point Barrow (ef. Timson 1976). Thus it is
probable that many oldsquaws bypass the lagoon during fall migration.

The Point Barrow radar has detected broad-front westward migration over the
North Slope, coast, and southern Beaufort Sea in autumn (Flock 1973); this
migration probably included many oldsquaws.

Eiders are even less conspicuous fall migrants along the arctic coast
east of Point Barrow than are oldsquaws (Table 11). Molt and fall migration
of eiders are not clearly distinguishable in northern Alaska; males move
west mainly in July, but many females begin to move west toward molting
areas in August. By early September young birds are also beginning to move
west, along with later-migrating females (Johnson 1971; Timson 1976).

In late summer and fall, as during the peak of the molt migration of males
in July, westbound eiders are much less numerous at Simpson Lagoon and
elsewhere along the south-central coast of the Beaufort Sea than at Point
Barrow. Some eiders migrate west over the shallow marine waters seaward of
the barrier islands, but few are seen far offshore in the Beaufort Sea
during late summer (Bartels 1973; Frame 1973; Watson and Divoky 1974;
Searing et al. 1975; Harrison 1977; Divoky 1978a). Thus the routes of most
westbound eiders past the Simpson Lagoon area during the molt and fall
migration periods are uncertain; but it is clear that most eiders do not
land in Simpson Lagoon, or fly over the lagoon at low altitudes.

Glaucous gulls concentrate in the Simpson Lagoon area during mid
September (Table 9), which is the time when their westward migration is
beginning. Most of the birds then in the lagoon are feeding rather than
actively migrating (see 'PREMIGRATORY STAGING” section, below). It is not
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certain what route these gulls follow during their subsequent departure

from the lagoon. However, glaucous gulls are common offshore in the western
Beaufort Sea in September (Watson and Divoky 1974; Divoky 1978a), so the
fall migration is probably not confined to the coastal zone.

Arctic terns, like glaucous gulls, are common fall migrants along the
barrier islands, but also occur offshore during the fall emigration (see
Results).

Only very small numbers of Sabine's gulls and jaegers migrate west
along the south-central coast of the Beaufort Sea in fall (see Results).
Some jaegers may migrate westward over the interior of the arctic coastal
plain or southward through the mountains, as in spring (Dean et al. 1976).
However, these birds are common offshore in the Beaufort Sea during late
summer (Frame 1973; Watson and Divoky 19745 Divoky 1978a), and it is probable
that most westward emigration from the area 1is over offshore waters.
Sabine's gulls appear to concentrate in the Point Barrow area before moving
southwest through the Chukchi Sea.

Juvenile phalaropes (predominantly red but some northern) are abundant
along shorelines in the Simpson Lagoon area during August, but then disappear,
The adults have already departed by the time that juveniles concentrate
along the lagoon shorelines. The departure routes of these phalaropes are
not known. Very large numbers of red phalaropes occur near Point Barrow
in August and early September (Connors and Risebrough 1977, 1978; Connors
et al. 1979). Their marking studies suggest that there is much day-to-day
turnover in the individuals present, especially after mid August. However,
it is uncertain whether red phalaropes migrate from Simpson Lagoon WNW to
Point Barrow in late summer.

In the Herschel Island-Nunaluk Spit area of the northern Yukon,
thousands 0f northern phalaropes were observed moving predominantly east-
ward in August and early September of 1972 (Gollop and Davis 1974). However,
Vermeer and Anweiler (1975) suggest without details that thousands of
northern phalaropes moved west in that same area in August 1973. Northern
phalaropes, at least, are known to migrate overland for long distances in
western Canada (Godfrey 1966; Sadler and Myres 1976) and also in Europe
(Hildén and Vuolanto 1976; Glutz et al. 1977). Thus it should not be
assymed that all phalaropes migrate around the coast of Alaska.
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Whistling swans, white-fronted geese, pintails and scoters are not
conspicuous fall migrants near the coast in the Simpson Lagoon area. These
birds are much more conspicuous in the northern Yukon and Mackenzie Delta
area during late summer. There they are observed to migrate east and south
east (Table 11; see also Campbell 1973; Gollop and Davis 1974; Schweinsburg
1974a). Individuals that summer in northern Alaska must migrate either ESt
along the coastal plain into the Yukon, or south through interior Alaska
(see Irving 1960). They do not make significant use of the waters near
Simpson Lagoon during this migration.
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NESTING STUDIES

Results

The numbers, densities and fates of nests of the various bird species
that were found nesting in the study area during 1977 and 1978 are pre-
sented in Tables 12-15. Fifty active nests were found on the barrier
islands during 1977, representing a total density of 11.4 nests/km’. OF
these 50 nests, 38 (21.1 nests/km®) were found on the Pingok Island tundra
plots and on the tundra-covered portions of the other barrier islands;
many of these nests (18 of 38, or 10.0 nests/km”) were of lapland lTong-
spurs. The remaining 12 nests (9.24 nests/km2) were found on the portions
of the barrier islands, spits and bars that were comprised of gravel and
sand.

During 1978, the complete study area was not censused for nesting
birds. Only Plot 2 on Pingok island was monitored as representative bar-
rier island tundra habitat. On this plot Six nests (20 nests/km?)
representing three species were found during 1978 compared with 11 nests
(37 nests/km2) representing two species during 1977. The average density
of birds on this plot for the two year period of study was 28 nests/km’,
which is approximately half the density of birds (60 nests/km?) found
nesting on the comparative mainland tundra plot (Plot 3) established at
Milne Point during 1978 (Table 14). Furthermore, the diversity of bird
species nesting on the mainland tundra plot (10 species on the plot and
an additional 7 species nearby) was more than three times greater than that
on the Pingok Island tundra plot (three species during 1978 and two species
during 1977; no additional species nested near the barrier island tundra
plot during either year).

Based on the total number of nests found in the tundra-covered portions
of the barrier islands in the study area, the overall density of all species
of birds nesting in this type of habitat was 21.1 nests/km*during 1977
and 20.0 nests/km? during 1978; an overall value of 20.6 nests/km’for this
habitat was calculated for the two year period of this study. Similarly,
the numbers of territorial male (ncﬁf) birds recorded on tundra plots 1 and
2 on Pingok Island during 1977 were 24.0/km? and 20.0/km?, respectively.
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Table 1. sctive bird nests found during 1977 on the Jones Islands and on ade cent SpitS and bars in Simpson Lagoon, Alaska.

Type of Nesting Habitat Fate of Nest
Tundra (3.9 km?) Gravel/Sand (2.6 km”) Successful *

Density Density Density Other/

Species Nests (#) (nests/km”) Nests (#) (nests/km*) Nests (#) (nests/km?) Predated Oeserted Unknown
Lapland Longspur 18 10.00+ 0 0.00** 7 3.89 8 0 3
Willow Ptarmigan 1 0.56 0 0.00 0 0.00 0 0 ]
Snow Bunting 4 2.22 2 0.77 3 1.32 0 0 3
0ldsquaw 0 0.00 2 0.77 0 0.00 1 1 0
Dunlin 3 1.67 0 0.00 0 0.00 0 0 3
Ruddy Turnstone 1 0.56 0 0.00 0 0.00 0 0 1
Baird’s Sandpiper 8 4.44 0 0.00 1 0.56 3 0 4
American Golden Plover | 0.56 0 0.00 1 0.56 0 0 0
Parasitic Jaeger | 0.56 0 0.00 1 0.56 0 0 0
Common Eider 0 0.00 2 0.77 0 0.00 1 1 0
King Eider | 0.56 0 0.00 0 0.00 1 0 0
Arctic Tern 0 0.00 3 1.15 0 0.00 2 0 1
Glaucous Gull 0 0.00 3 1.15 2 0.77 0 0 1
Total 38 21.13 12 4.61 15 7.66 16 2 17

* A nest was judged to be successful if evidence (many times only circumstantial evidence) suggested that some young from the nest had fledged
t Density calculations are baseu on the 1.8 km* of tundra area surveyed during nest searches.
**Density calculations are based on the 2.6 km’of gravel/sand area surveyed during nest searches.
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Table 13. 4 comparison of bird densities on two tundra plots on Pingok Island and on the total area of tundra surveyed during nest searches
on the Jones Islands, 1977*.

Total Tundra Surveyed

Species Pingok Plot 1 (0.625 km? tundra) Pingok Plot 2 (0.300 km? tundra) During Nest Searches
Nest Searches — GCounts—of-IId'd— Nest Searches — Counts of_idd (1.80 km?}

# Nests Density #11 dd Density # Nests  Oensity #1l ¢¢ Density # Nests  Density
Lapland Longspur 6 9.60 14 22.40 8 26.67 6 20.00 18 10.00
Wil low Ptarmigan 1 0.56
Snow Bunting 4 2.22
Dunlin 3 10.00 3 1.67
Ruddy Turnstone 1 1.60 1 0.56
Baird's Sandpiper 2 3.20 1 1.60 8 4.44
American Golden Plover 1 1.60 1 0.56
Parasitic Jaeger 1 1.60 1 0.56
King Eider 1 0.56
Total F 17.60 ~'I-S_— 24.00 T E T m 38 21.13

— :
*counts of territorial mates (1 & ) were conducted only On Plots’ and 2 on PingokIsland.Alldensities 5o o km®.
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Table 14. A comparison of bird nest densities on a mainland tundra plot and a barrier island
tundra plot in the Simpson Lagoon-Jones Islands area of Alaska (1977-1978).

Pingok Plot 2 (0.300 km®) Mitne Pt. Plot (0.250 km?)
1977 1978 1978

Species #Nests Density* Fate§ #Nests Density Fate§ #Nests Density Fate§
Pintail 1 4.00 +
King Eider 1 4.00 +
Spectacle Eider 1 4.00 +
Baird’s Sandpiper 2 8.00 +
Dunlin 3 10.00 2 6.67 + ! 4.00 +
Semipalmated Sandpiper 2 6.67 + ! 4.00 +
Buff-breasted Sandpiper | 4 .00 +
Pectoral Sandpiper 1 4.00 +
American Golden Plover 1 4.00 +
Lapland Longspur 8 26.67 5+ 2 6.67 t 5 20.00 +

TOTAL 1 36.67 6 20.01 15+ 60.00

*A11 densities are per kn’.

“‘Within a linear distance of approximately 2.50 km E and 0.25 km S, W and N of the Milne Pt. tundra plot,

an additional 18 nests were recorded. These included nests of the arctic (1) and red-throated (1) loon,
white-fronted goose (1), king eider (2), spectacle eider (2), dunlin (1), oldsquaw (2), Sabine's gull (4),
arctic tern (3) and snow bunting (I). No additional nests were either observed or suspected in areas
similarly adjacent to the comparable tundra plot on Pingok Island. All densities are per km?.

“During 1978, no evidence was found of predation or desertion of nests on mainland or barrier island tundra
plots; apparently all of these nests were successful. During 1977 all three dunlin nests were destroyed
by predators and three of the eight longspur nests were destroyed by predators.
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Table 15. A comparison of the numbers of nests found on two gravel-covered barrier islands in the Jones

Islanas-Simpson Lagoon area of Alaska, 1976-1978. (Thetis Island data for 1976 provided by
James W. Helmericks.)

Species
Common Arctic Glaucous
Eider Tern Gull Brant Total
Island 1976 1977 1978 1976 1977 1978 1976 1977 1978 1976 1977 1978 1976 1977 1978
Spy Island*
# Active Nests 4 0 4 - 2 5 3 0 4 - 0 0 7 2 13
# Nest Scrapes** or
Inactive Nests - 72 84 - 4y 29 - 0 2 - 0 O~ 113 115
# Destroyed Nests - 15 1t - - - - 8 0 - 0 0 - 23 1
Thetis Island*
# Active Nests 38 - 34 1 - 2 4 - 5 3 "9 42 Y
# Nest Scrapes or
Inactive Nests - - 198 - - 8 - - 4 - - T - -
#Destroyed Nests - - 0 - - - - - 0 - - 0 - - 0

*According to J.W. Helmericks (pers. comm., 1978) arctic foxes were present on Spy Island in 1976 as well as
1977, although Divoky(1978b) made no mention of foxes there during his visit in 1970; none were present
during 1978. Arctic foxes have seldom been reported on Thetis Island in summer. Thetis Island was not
intensively surveyed during 1977.

A snowy owl killed a female common eider as she incubated a clutch of eggs on Spy Island. We recorded no
other evidence of nest predation during 1978.

epressions in e or sand designating an early stage of nest establishment.
**Dep the gravel d designating ly stage of t establishment



No counts of territorial males were made during 1978 on either the barrier
island or the mainland tundra plot.

Table 13 compares the species composition, numbers of nests and num-
bers of territorial males observed on the two census plots on Pingok
Island during 1977; the total numbers of nests found in all tundra habitats
throughout the study area are also shown.

No nests were found along the section of the mainland shoreline be-
tween 01iktok Point and Beechey Point during 1977; however, two active
nests (one common eider nest and one glaucous gull nest) were found on the
gravel/sand spit projecting west from Beechey Point, and at least two active
glaucous gull nests were present on the 01iktok Point gravel bar. These
bars are separated from the mainland by water and are comprised of sand
and gravel substrates similar to those found on the barrier islands. This
mainland shoreline was not surveyed for nesting birds during 1978.

Most nests were checked twice during the early summers of 1977 and
1978 in order to assess their fates (Tables 12 and 14). However, fates
of some nests were identified by using circumstantial evidence of fledging
of young, desertion of eggs or young by adults, or by evidence of preda-
tion on eggs or young. Fox predation accounted for a high proportion of
nest failures on the Jones Islands, and especially on Spy Island, during
1977. Approximately eight arctic foxes (1.2 foxes/km®) were present on
the Jones Islands after the ice retreated in mid July during 1977. Their
distribution in 1977 is shown below:

Island Number of Foxes
spy 2
Leavi tt |
Pingok 2
Bertoncini |
Bodfish !
Cottle !
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Foxes were observed searching for bird nests on the tundra on Pingok,
Bertoncini and Bodfish islands throughout the summer of 1977. Fox tracks
and scats were abundant around active and inactive nests in all suitable
nesting habitats along beaches and on the gravel portions of Spy, Leavitt
and Cottle islands during 1977.

Arctic foxes were recorded on only four 0ccasions during the June
through September 1978 period; all of these sightings were on the mainland
tundra near the field camp at Milne Point (Fig. 1). No foxes nor fresh
fox tracks were recorded on any of the barrier islands in the study area
during 1978.

During both 1977 and 1978 Spy Island was included within the inten-
sive study area. Two arctic foxes were present there throughout the
summer of 1977 and as a consequence only two active nests (both of arctic
terns) were found on this island during that year--both of these nests
were destroyed by foxes (Table 15).

Thetis Island, which Ties off the mouth of the Colville River and
west of Spy Island (Fig. 1), historically has been without arctic foxes in
summer. Although this island was not intensively surveyed during 1977,
extensive nesting by at least four species of marine-associated birds was
recorded there (J.W. Helmericks, pers. comm. 1977 and 1978). During 1978,
when no arctic foxes were recorded on any of the gravel-sand barrier is-
lands in the study area, the number of nests on Spy and Thetis islands were
compared (Table 15). Bird production on Spy Island increased from two
active nests (1.3 nests/km?) of one species (arctic tern) during 1977, to
13 active nests (8.7 nests/km?) of three species (arctic tern, glaucous
gull, and common eider) during 1978. Many additional scrapes, inactive
nests or destroyed nests were present in each year (Table 15). On Thetis
Island, bird production remained high; in 1978, 54 nests (34 nests/km?) and
207 scrapes of four species were recorded.

Discussion

The number of nests found by us on the Jones Islands during 1977 was
larger than that reported by Divoky (1978b) for the same islands in 1976
and larger than that reported by Gavin (1976) for the same islands surveyed
yearly for the six-year period 1970-1975. Plot 2 on Pingok Island was the
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only barrier island tundra location censused by us during 1978. The den-
sity of birds on that plot was lower in 1978 than in 1977 primarily
because of the few lapland Tongspur nests found during 1978. However, the
six nests found by us on Plot 2 in 1978 was equal to the greatest number
of nests found by Gavin on the whole of Pingok Island during any of his
six years of investigation there. Divoky (1978b) found no nests on Pingok
Island during his search there in 1976.

None of the species of birds that nested or attempted to nest on the
tundra portions of the Jones Islands are unique to barrier islands. Most
of these tundra nesting species were nesting on our mainland tundra plot
during 1978 (and on those of others, see Table 16), in most instances
at densities much higher than on the tundra portions of the Jones Islands
(see Tables 12, 14).

The total nesting densities (all species) of birds on various tundra
portions of the Jones Islands (17.6 to 36.7 nests/km*) were markedly lower
than the density on the adjacent mainland tundra in 1978 (60.0 nests/km’).
In fact, the only tundra area in Arctic North America where the recorded
densities of nests or nesting pairs of birds have been accurately deter-
mined to be lower than on the Jones Islands was a High Arctic site on
Devon Island, N.W.T., Canada (2.0 nests/km’; Pattie 1977). Table 16 gives
a comparison of the density and nesting success of selected species of
tundra nesting birds at several locations along the Beaufort Sea coast of
Alaska. The values vary from 20.0 nests/km’on Pingok Island during 1978
to 167 territories/km’at Barrow during 1977. The density of nests
(60.0 nests/km*) on our mainland tundra plot at Milne Point during 1978
was most comparable to densities (51.0 and 59.2 nests/km®) found by P. Martin
(Univ. of Alaska, pers. comm., 1980) in similar habitat at Brownlow Point
(approximately 160 km east of Simpson Lagoon) during 1979.

The contrast between densities of birds on the tundra-covered portions
of the Jones Islands and mainland is interesting. These differences may
be a result of factors such as (1) a reduced availability of food (ter-
restrial and aquatic invertebrates) on the islands, or (2) a difference in
soil substrate and vegetation type and therefore of nesting habitat, or
(3) increased predation on birds on barrier islands. Investigations of

insect populations and plant communities were not within the scope of this
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Table 16.

A comparisan of bird nesting density and nesting success of selected species in

tundra habitats at several locations along the Beaufort Sea coast of Alaska.

Species

Baird’s

Location Duntin

Sandpi  per

Al 1
Species

Snow
Bunting

Lapl and
Longspur

Prudhoe Bay
(Norton et al. 1975)

Density
(nests/km”)

Success (%)*

4.6
50
Barrow
(Norton 1973)

Density
(nests/km”)

Success (%)*

24.8
39

13.9
72
Barrow

(Myers et al. 1977)

Density (Plot 1,
Terri tori es/kn? )

Density (Plot 2,
Territories/km %)

4.6

Brownlow Point
(p-. Martin, pers. comm,

Density-Upland. Plot
TRty o

1980)

3.9
Density-Lowland Plot
{nests/km?)

Jones Islands

(present study)

Density-1977
(nests/km”)

Success* (%)**

4.4
13

Pingok Island-Plot 2
(present study)

Density-1977,
(nests/km”)
Success-1977,
@y

Milne Point
(present study)

Dens ity-1 978
(nests/km?)

Success- 1978
(%)

1978

10.0, 6.7

1978

o, 100

4.0 8.0

100 100

96.7
62

7.7
60

133.5
65

15.0
80

30.0
63

6.1 167.0

3.7 148.0

51.0

21.1
30

10.0
39

2.2
75

36.7, 20.0

45, 100

26.7, 6.7 ->

63, 100

20.0 60.0

100 100

*Eggs hatched/eggs laid in that nest = %.

“A nest was judged to be successful if evidence suggested that some young from the nest had

fledged.

**Nests with seine

young fledging/total nests OF that

species %.
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study; therefore the first two factors remain largely uninvestigated.
However, Cannon and Rawlinson (1978) have shown that barrier islands along
the central Alaskan Beaufort Sea coast are mainland remnants that have
become separated from the adjacent North Slope through processes of
coastal tundra erosion. Through these processes, large coastal lakes have
gradually become connected to the marine system; the resulting peninsulas
and seaward margins have gradually become barrier islands and the coastal
lakes have gradually become coastal estuaries. The soils, vegetation and
associated terrestrial fauna on the tundra-covered portions of the barrier
islands, therefore, have basically the same origins as the adjacent main-
land tundra.

No doubt the influences of the arctic maritime climate (Leavitt and
Kozo 1978; Kozo 1979; Kozo and Brown 1979) near the barrier islands have
had subtle influences on the soil and vegetation of the barrier islands
(e.g., increased salinity, infiltration of sand into the tundra vegetation,
cold temperatures associated with the persistence of ice and cold water
along the seaward coasts of the islands). These factors, in turn, will
have affected soil invertebrates (Tipulidae) that are important as food
for many tundra nesting birds (Holmes and Pitelka 1968; Kistchinski 1978;
Seastedt and McLean 1979).

Predation by arctic foxes apparently accounted for most of the nesting
failure and consequently for the low density of successful nests on the
tundra portions of the Jones Islands during 1977. Foxes may have preyed
more heavily on birds” eggs during 1977 than during the immediately pre-
ceding years because of the marked decline in the lemming population along
the central Beaufort Sea coast during the winter of 1976 and spring of
1977 (L. Eberhardt, pers. comm., 1977). Lemmings are a major prey item of
arctic foxes in tundra habitats (Chesemore 1968). Although old lemming
nests and skeletal material were found on the tundra on the Jones Islands,
we caught no lemmings (nor any small mammals) during 960 trap-nights
(25 snap-traps) on Pingok Island during the summer of 1977. Furthermore,
during the summer of 1978 we caught no small mammals during 538 trap-nights
on Pingok Island and none during 478 trap-nights on the mainland plot at
Miine Point.
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Certain species of birds nest ongravel portions of the barrier is-
lands. The small number of nests of common eiders found during 1977 were
all on gravel portions of the barrier islands. Gravel substrates are most
common on Thetis, Spy, Leavitt and Cottle islands. Arctic foxes appar-
ently preyed heavily on the eggs of eiders during 1977 and the number of
active nests found in these habitats was small. However, the numbers of

T found on the gravel barrier islands

nest scrapes* and destroyed nests
during 1977 suggested that in the absence of arctic foxes, a great poten-
tial existed for successful nesting by such species as the common eider
(and the arctic tern). No arctic foxes were recorded on the gravel barrier
islands in our study area during 1978 and, as hypothesized in 1977 (Johnson

1978), the number of common eider nests in that habitat greatly increased.

Divoky {1978b) has mentioned that factors such as (1) the proximity
of a barrier island to the mouth of a major river system, and (2) the
phenology of snow and ice melt around barrier islands during spring, may
play important roles in determining the presence or absence of arctic
foxes and the amount of avian production on nesting islands. Divoky sug-
gested that arctic foxes may be effectively barred from barrier islands by
an early discharge of river flood-water across the ice and around barrier
islands and/or by early snow and ice melt and consequent moat formation
around barrier islands. Bird production can be high, as on the Jones
Islands during 1978, during years when foxes are barred access to barrier
islands. However, such events are irregular and unpredictable along the
Beaufort Sea coast and the breeding strategies of such birds as the common
eider, glaucous gull and arctic tern have evolved accordingly (Larson
1960; Evans 1970).

In summary, barrier island tundra generally supports fewer species and
much lower densities of nesting birds (approximately 20 nests/km’of two to
five species during 1977 and 1978) than does mainland tundra (60 nests/km’
of 10 species during 1978). Gravel/sand barrier islands similarly support

few species of nesting birds; however, some species that do nest in this

*Depressions in the gravel or sand which designate an early stage of nest
establishment.

+Nests with down present and/or with missing eggs, broken eggs or egg
shells present.

234



habitat seldom nest in other habitats (e.g., common eider). Although
arctic foxes prey heavily on eggs of all birds nesting on barrier islands,
species nesting on the gravel/sand islands, possibly because they are more
conspicuous (generally large size and less nesting cover) appear most sus-
ceptible to fox predation.

Nesting potential on the gravel/sand barrier islands is high, but may
not be realized during years when arctic foxes have access to these is-
lands and prey heavily on birds” eggs. During a year (1978) when arctic
foxes were absent from the barrier islands, bird production on the gravel/
sand islands increased markedly.
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MOLTING*

Results

Oldsquaw Pre-Molt Period

Distribution and Abundance. Low densities of oldsquaws were present
in all Simpson Lagoon habitats on 5 and 20 June 1977, on 23 June 1978, and
on 22 June 1979 (Table 17). On these dates the highest density of oldsquaws

recorded on any transect in the intensive study area was only 3.2 birds/km?,
and this transect was over tundra habitats south of Simpson Lagoon on 20
June 1977 (Transect 5; see Table 17).

The 5 July 1977 and 5 July 1978 aerial surveys were conducted just
after (in 1977) and during (in 1978) the peak of the male oldsquaw molt
migration through the intensive study area. The peak densities of oldsquaws
in Simpson Lagoon during this survey in 1977 (26.2 birds/km?) and in 1978
(160.4 birds/km?) were recorded in the only significant areas of available
open water: in the shoreleads along the southern margins of the barrier
islands (Transect 2; see Table 17). During 1977, 1978 and 1979, the mid-
lagoon area (Transect 3) remained ice-covered until after 5 July and it
therefore supported very low densities of oldsquaws until after that date
(Table 17). The nearshore marine habitat adjacent to Simpson Lagoon
(Transect 1) was similarly covered with ice until after 5 July; however,
densities of oldsquaws in this habitat remained relatively low throughout
the pre-molt period, regardless of ice cover.

The overall density of oldsquaws (1.7/km?; 109 birds seen) recorded on
5 July 1978 during surveys west of the Simpson Lagoon study area was low
(Fig. 18) compared to the overall density recorded in Simpson Lagoon
(62.2 /km’; 2482 birds). Furthermore, although the number of oldsquaws
(2736) recorded during surveys east of Simpson Lagoon as far as Flaxman
Island was approximately equal to the number recorded in Simpson Lagoon,
the overall density of oldsquaws east of Simpson Lagoon on this date

*Q1dsquaws molt almost continuously from early spring to late fall
(Salomonsen 19¢ 1; Palmer 1976). Our use of the term “Molting” or 'Molt
Period” refers to the period when the birds have lost their wing feathers
and are TfTlight” ess.
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Table 17. Densities (birds/km*)* of oldsquaws recorded in all habitats
during aerial surveys of five transects in the Jones lIslands-
Simpson Lagoon area during summer 1977-79.

Transect
Mean
| 2 3 4 5 (unweighed)
1977
5 June 0.0 0.0 0.0 0.2 2.6 0.6
20 June 0.0 1.6 0.0 0.9 3.2 1.1
5 July 2.2 26.2 2.9 21.6 1.9 11.0
28729 July 0.1 401.7 501.1 516.4 1.2 284.1
15 August 811.3 161.9 5.8 326.3
30 August 3.3 73.1 184.6 68.0 0.0 65.8
22 September 3.4 21.6 928,1 220.0 0.0 234.6
1978
23 June 0.0 1.3 0.0 0.2 1.4 0.6
5 July 0.1 160.4 5.4 2.2 1.4 33.9
15 July 2.5 1344.8 39.0 70.8 0.2 291.5
25 July 17.7  284.7 73.0 19.1 0.0 78.9
5/6 August 0.2 3247 62.5 6.4 0.0 78.8
15 August 0.0 994.2 7.3 0.0 0.0 200.4
25 August 50.2 337.4 33.3 0.8 2.0 84.7
5/6 September 20.2 150.2 12.3 0.1 0.1 36.6
15 September 193.3 47.0 29.6 7.1 0.0 55.4
23 September 1.6 9.9 231.8 138.5 0.0 76.4
1979
22 June 0.0 2.5 0.0 0.2 0.6 0.7
28/29 July 4.2 520.5 132.6 31.2 8.6 139.4
31 Aug./1 Sept. 24.7 78.9 330.3 0.0 0.0 86.8
23 September 15.8 231.6 3.4 113.7 0.0 72.9

*All oldsquaws recorded as “On-Transect’ (<200 m of each side of the air-
craft), regardless of the habitat with which they were associated, have
been included in these density calculations.

tDensities for transects 2 and 4 in 1977 may be lower than those that may
be calculated from numbers presented in Table 20. In Table 21 the pro-
portion of the total area surveyed, which has been used in density calcu-
lations, includes only lagoon habitats, and birds used in density
calculations include only those that were associated with lagoon rather
than terrestrial habitats.
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(12.3/km?) was considerably lower than that in Simpson Lagoon {62.2/km?;
Table 18, Fig. 18).

During the one aerial survey (22 June) conducted in the oldsquaw pre
molt period of 1979, birds of this species were most densely concentrated
at locations east of Simpson Lagoon (Fig. 19; Table 19).

Satellite imagery indicated that by 13 July 1977, by 6 July 1978 and
by 14 July 1979, the ice had moved westward out of the coastal lagoon
systems and that the ice seaward of the barrier islands had begun to break

upalong much of the Alaskan Beaufort Sea coast.

Oldsquaw Molt Period-Males

Distribution and Abundance. The aerial surveys conducted in mid to
late July 1977-1979 indicated that the area seaward of the barrier islands

cont  nued to support low densities of oldsquaws after the ice had retreated
from this area:

Date 0ldsquaws/km?

29 July 1977
15 July 1978
25 July 1978 1
28 July 1979

A NDNO
[ NCRENNG, B

Almost half of the birds recorded on 25 July 1978 were in two flocks (75 and
50 birds) near brash-ice and small ice pans seaward of Pingok Island.

During this same period, oldsquaws became much more abundant in the
lagoon. The weighted average density of birds recorded in all habitats in
Simpson Lagoon (Transects 2, 3 and 4) had increased from 6.0 birds/km? on
the 5 July 1977 survey to at least 321.1 (and possibly 566.1) birds/km?
on the 28-29 July 1977 aerial survey (Table 20), and from 15.5 birds/km?
on 5 July 1978 to 183.2 birds/km? on 15 July 1978 (Table 21). The average
density of oldsquaws recorded in lagoon habitats on a comparable date during
the molt period in 1979 (28 July) was 145.0 birds/km? (Table 22). Between
15 July and 25 July 1978, however, the average density of oldsquaws recorded
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Table 1.8. Numbers of 01 dsquaws recorded on-transect along various sections of the
Beaufort Sea coast in northeastern Alaska, 23 June to 23 September 1978.

West of Simpson Lagoon* Simpson Lagoon East of Simpson Lagoon'
Survey # ki # 0ldsquaws # km? #01 dsquaws # kn’ ¢ Oldsquaws
Date Surveyed  on-transect Surveyed  on-transect Surveyed on—traﬁsect
23 June 12.n 10 39.9 22 31.3 85
5 July 65.5 109 39.9 2,482 222.8 2,736
15 July 12.0 8,013 39.9 21,423 31.3 10,463
25 July 65.5 3,326 39.9 5,384 162.0 4,552
5-5 August 65.5 1,813 39.9 5,688 315.1 32,661
15 August 12.0 4,431 39.9 14,903 31.3 2,731
25 August 5.5 1,583 39.9 5,444 126.9 15,445
5-6 August 65.5 1,862 39.9 2,388 315.1 28,543
15 September 12.9 112 39.9 1,156 31.3 705
23 September 12.0 17 39.9 4,792 126.9 18,819
Al 1 Dates 327.5 21 276+ 399.2 63,682" 1393.9 116,740%
vean Density 64.36 159.52 83.75

*This area included as many as six transects (163.7 km x 0.4 km = 65.5 w); it extended as
far west as Atigaru Pt. and included most of the Colville River delta (see Figure 2A-B).
'"This area included as many as 12 transects (787.8 km x 0.4 km ~315.1 km?); it extended as
far east as the Canada-U. S. border and as far north as the Midway Islands, north of Prudhoe
Bay (see Figure 2C-6).

**0f th, total 21 ,276 oidsquaws recorded on the 35 surveys of transects in areas west of
Simpson Lagoon, 19,146 oldsquaws (90.0%) were recorded during the 10 surveys of one transect
which included the south shoreline of Thetis Island.

"'Of the total 63,682 pldsquaws recorded on the 30 surveys of transects in Simpson Lago:n,
54,428 oldsquaws (85.5%) were recOrded during the 10 surveys of one transect along trs
south shorel ine of the Jones Islands.

***(0f the total 116,740 o0ldsquaws recorded on the 48 surveys of transects in areas east of
Simpson Lagoon, complete data exist for 115,040. Of these, 87,559 oldsquaws (76.1%) were
recorded during the 32 surveys of only four transects along the south shorel ine of barrier
islands.
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Figure 19. A comparison of the unweighed mean densities of oldsquaws in barrier island-lagoon habitats
to the east, west and in Simpson Lagoon, Alaska, June-September 1979.
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Table 19. Numbers of oldsquaws recorded on-transect along various sections of the Beaufort
Sea coast in northeastern Alaska, 22 June to 23 September 1979.

West of Simpson Lagoon* Simpson Lagoon East of Simpson Lagoon®

Survey # km? # Oldsquaws # km’ # Oldsquaws # km? # Oldsquaws

Date Surveyed on-transect Surveyed on-transect Surveyed on-transect
22 June 65.5 9 39.9 40 93.8 518
28 July 65.5 2,955 39.9 9,728 222.3 48,723
31 August 65.5 2,445 39.9 5,210 13.9 1,379
23 September 65.5 203 39.9 4,934 31.3 2,435

All Dates 262.0 5,612** 159.6 19,912++ 316.3 53,055%**
Mean Density 21.42 124.76 167.74

*This area included as many as six transects (163.7 km x 0.4 km = 265.5 km®); it extended
as far west as Atigaru Pt. and included most of the Colville River delta (see Figure 2A-B).

“This area included as many as 9 transects (555.8 x 4 km = 222.3 km?); it extended as far
east as the Canada-U.S. border and as far north as the Midway Islands, north of Prudhoe Bay
(see Figure 2C-G).

**0f the total 5,612 oldsquaws recorded on the 24 surveys of transects in areas west of
Simpson Lagoon, 3,350 oldsquaws (60%) were recorded during the 4 surveys of one transect
which included the south shoreline of Thetis Island (Transect 6).

++0f the total 19,912 oldsquaws recorded on the 30 surveys of transects in Simpson Lagoon,

12,335 oldsquaws (62%) were recorded during the 4 surveys of one transect along the south
shoreline of the Jones Islands (Transect 2).

***0f the total 53,052 oldsquaws recorded on the 19 surveys of transects in areas east of
Simpson Lagoon, 51,435 oldsquaws (97%) were recorded during the eight surveys of only four
transects along the south shoreline of barrier islands.
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Table 20. Estimates of the totaliumber of oldsquaws Present in Simpson Lagoon during aerial surveys conducted in 1977, 114

Approximate  Lagoon
Lagoon Area Area

Transect ) Represented S“rvﬁfd
Number* Location (km") (km# ) 5 June 20 June 5 July 28/29 Juiy 15 August 30 August 22 September
2 Barrier Island- 22 772 o) 23 (23) 398 (398) 14,284 (5,045) 33,951 (11,991) 419 (148) 841 (297)

North Lagoon
(<1.82 deep)

3 Mid-Lagoon 102 12.34  0() , 0 (0) 292 (365) 51,375 (6,165) ~ () 18,829 (2,271) 95,142 (11,417)
(>1.82m deep)
4 South Lagoon 36 966 0 (0) 1 (1) 269 (269) 24,921 (6,687) 7,808 (2,095) 2,687 (721) 10,617 (2,849)
(<1.82m deep) _ o _
Total 160 2967 0 (0) 34 (34) 959 (702) 51,375 (6,165)™" 41,759 (14,086) 21,935 (3,140) 106,600 (14,563)
MeanDensity (weighted) _ 0.0 0.2 6.0 321. 1%+ (261 .0)%** 1371 666.3

e Transect numbers 1 and 5 were seaward and 1andward, respectively, of Simpson Lagoon. Densities of oldsquaws on these transects were low
[see Table 17) and estimates have not, therefore, been calculated for these transects.

‘I?I1urtr)1_bers in Iparentheses represent the total number of oidsquaws recorded ‘on-transect’ (<200 m on either side Of the aircraft) In lagoon
abitats only.

e *IncMP]ete survey; transects 1 and 3 were not surveyed on this date.

Hsince the surveys of transects 2 and 4 were conducted on 28 July and that of transect 3 was conducted on 29 July, it is possible that some or
a1 of the birds recorded on 28 July were also recorded on 29 ulg. We have, therefore, used the larger of the two estimates (the estimate
from transect 3 rather than the sum of the values from transects 2 and 4), as a total for the survey.

**+Minimum estimate.

fHDuring 1978, estimates of the total numbers of eldsquaws in Simpson Lagoon were calculated differently than they were in 1977. See Appendix ¥
for a discussion of these differences.
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Table 21. Estimates of the total rumber of oldsﬁunus present ia Simpson Lagoon during asrial surveys conductsd in 1975.t

Approximate Lagoon
Lagoon Area Area

Transect ) Represented Surve¥ed
Number’ Location (km) (kn®) 23 June 5 July 15 July 25 duly 5 August
2 North Lagoon 22 1480 19 (19) 2,3$8 (2,388) 20,212 (20,026] 4,747 [4,239) 5,197 (4,836)
(<1.82 m deep)
3 Mid-Lagoon 102 12.24 1 (0) 66 (66) 4,000 (480) 7,483 (898) 6,409 (769)
(>1.82m deep)
4 South Lagoon 36 12.88 3 (3) 28 (28) 5,092 (915) 539 (247) 462 (83)
{<1.82 m deep)
Total 160 3992 22 (22) 2,482 (2,482) 29,309 (21,421) 12,769 (5,384) 12,068 (5,588)
Mean Density {weighted) 0.1 155 183.2 79.8 75.4
continued . . .
Approximate  Lageon
Lagoon Area  Area
Transect ) Represented Surveyed
Number* Location (km") (knt) 15 August 25 August 5 September 15 September 23 September
2 North Lagoon
(<1.82 m deep) 22 4.90 15366 (14,S13) 5,859 (5,024) 2,450 (2,236) 796 (700) 181 (147)
3 Mid-Lagoon
(>1.82 m deep) 102 12.24 750 (90) 3,417 (410) 1,258 (151) 3,033 (364) 23,758 (2,851 )
4 South Lagoon
(>1.82 m deep) 36 12.98 0 (0) 28 (10) s (1) 381 (92) 7,937 (1,794)
Total 160 39.92 16,116 (14,203) 9,304 (5,444) 3,715 (2,388) 4,210 (1,156) 31,896 (4,792)
Mean pensity (weighted) 100.7 58.2 23.2 26.3 199.2

*Transect numbers 1 and 5 were seaward and landward, respectively, of Simpson Lagoon. Densities of oldsquaws on these transects
were low-({see Table 17) and estimates have not, therefore, been calculated for these transects.

?During 1978, estimates of the total numbers of oldsquaws in Simpson Lagoon were calculated differently than they were in 1977.
See Appendix IV for a discussion &f these differences.
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Table 22. Estimates* of the total number of oldsquaws present in Simpson Lagoon during aerial
surveys conducted in 1979**.
Approximate Lagoon
Lagoon Area Area
Transect Represented Surveyed
Number Location (km™) (km?>) 22 June 28 July 31 August 23 September
2 North Lagoon 22 14.80 53 (37) 9,108 (7,703) 1,919 (1,167) 3,628 (3,428)
(<1.82 m deep)
3 Mid-Lagoon 102 12.24 0 (o) 13,525 (1,623) 33,690 (4,043) 347 (42)
(>1.82 m deep)
4 South Lagoon 36 12.88 703 559 (402) o (0) 4,092 (1,464)
(<1.82 m deep)
Total 160 39.92 60 (40) 23,192 (9,728) 35,609 (5,210) 8,004 (4,934)

Mean Density (weighted)

0.4 145.0 222.6 50.0

*During 1979, estimates of the total numbers of oldsquaws in Simpson Lagoon were calculated differently

than they were in 1977, but identical to those in 1978.

differences.

**Transect numbers 1 and 5 yere seaward and landward, respectively, of Simpson Lagoon.

See Appendix IV for a discussion of these

Densities of

oldsquaws on these transects were low (see Table 17) and estimates have not, therefore, been calculated

for these transects.



in lagoon habitats had decreased from 183.2 birds/km? to 79.8 birds/km?;

but this density remained substantially higher than the 15.5 birds/km?
recorded several weeks earlier, on 5 July 1978. The density of 1344.8
birds/km* recorded on the 15 July 1978 survey of Transect 2 was the highest
single-transect density of o0ldsquaws recorded during this study. On this
date iIn 1978, about 20,026 oldsquaws were crowded along the south shoreline
of the Jones Islands from Spy Island in the west to Cottle Island in the
east. Most of these birds (99%, 19,827 birds, 2662.8 birds/km?) were on the
shoreline side of the aircraft (within 200 m of the shore). On 28 July 1979,
7703 oldsquaws were recorded along this same barrier island transect
(Transect 2). Again most of these birds (approximately 81%, 6241 birds,
838.2 birds/km?) were on the shoreline side of the aircraft.

Throughout the ice-free period of 1978 in Simpson Lagoon, significantly
higher densities of oldsquaws were recorded on the barrier island shoreline
transect (Transect 2) than on either the mid-lagoon transect (Transect 3)
or mainland shoreline transect {Transect 4) (Friedman ¥*=10.34, n8, k3,

P= 0.003). In fact, during the entire 1978 aerial survey program, a very
large proportion (68%, 218,289 birds) of all oldsquaw sightings on surveys
of all transects (from Thetis Island in the west to Demarcation Bay in the
east) were during the surveys of six transects (Transects 2, 6, 12, 13-2,
14 and 15) located immediately south of barrier islands. Furthermore,
most oldsquaws recorded on-transect on these six barrier island transects
were seen on the shoreline side of the aircraft--within 200 m of shore
(85.3% of 159,039 birds; Wilcoxon 23.86; n=30 transect/date combinations;
P<0.001).

This same phenomenon was generally evident during the three aerial
surveys conducted during the open-water period in 1979; of 19,872 oldsquaws
recorded in Simpson Lagoon during that period, 12,298 (62%) were along
Transect 2, and of those, 80% (9845) were recorded along the shoreline side
of the aircraft (within 200 m of shore). Of the total 101,509 oldsquaws
recorded during all aerial surveys conducted in the summer of 1979, approx-
imately 70% (70,801 individuals) were recorded along the same six barrier
island transects mentioned above and about 84% (59,204 individuals) of those

birds were recorded on the shoreline side of the aircraft.

246



By 15 July 1978, both the number and densities of oldsquaws had in-
creased dramatically throughout the eastern Beaufort Sea coast of Alaska.
However, even though dissimilar proportions of each area were surveyed,
both the number and density of oldsquaws in Simpson Lagoon plus Harrison
Bay (south of Thetis Island) were markedly higher than at locations farther
east (Table 18; Fig. 18).

The raw densities of oldsquaws recorded on three Simpson Lagoon transects
on 28-29 July 1977 were very similar--401.7, 501.1 and 516.4 birds/km? for
transects 2, 3 and 4, respectively--but actual densities of birds on the
water along transects 2 and 4 (which included some land) were somewhat
higher. Nonetheless, the high density in mid-lagoon is noteworthy, and
because of the similar densities on all lagoon transects, the estimates
for 28-29 July 1977 in Table 20 are not very sensitive to the specific
weighting procedure used. In contrast, on 25 July 1978 and 28 July 1979,
the density of oldsquaws in lagoon habitats immediately south of the barrier
islands (Transect 2) was markedly higher than in either the mid-lagoon area

(Transect 3) or along the mainland shoreline (Transect 4).

Oldsquaws/km?
Survey Date Transect 2 Transect 3 Transect 4
25 July 1978 284.7 73.0 19.1
28 July 1979 520.5 132.6 31.2

The estimated peak number of oldsquaws present in Simpson Lagoon during
the oldsquaw molt period was on the 28-29 July 1977 survey when at least
50,000 birds were estimated to be present--this was a substantial increase
from the estimated total of 959 birds present during the preceding survey
on 5 July 1977 (Table 20). Since no aerial surveys were conducted in areas
east or west of the Simpson Lagoon study area during 1977, it is not known
what proportion of the total number of oldsquaws present along the Beaufort
Sea coast of Alaska during 1977 were molting in Simpson Lagoon.
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No oldsquaws were systematically collected in Simpson Lagoon during
the summer of 1979, so the peak of the molt period was not precisely deter-
mined. However, large numbers of apparently flightless oldsquaws (unable
to fly away from the survey aircraft) were recorded along the coast of north-
east Alaska during the 28-29 July survey (Table 22); we presumed, therefore,
that the date of this survey was within the peak of the oldsquaw molt period.
About 23,000 oldsquaws were present in Simpson Lagoon during this survey--
quite similar to the estimated 21,000 oldsquaws molting in Simpson Lagoon
during the peak of the molt in 1978 (see Table 21).

As mentioned earlier, even though dissimilar proportions of each area
were surveyed (Table 21), the density of oldsquaws molting in Simpson Lagoon
during 1978 was considerably higher than that in areas to the east and was
slightly lower than that to the west in Harrison Bay (see Fig. 18). If all
transect’s between Prudhoe Bay and Demarcation Bay had been surveyed during
this period in 1978, however, the results of this comparison might have
been quite different. For example, 20 of the 22 aerial survey transects
(between Atigaru Pt. and Demarcation Bay) established during 1978 were re-
surveyed during 28-29 July 1979. The number of oldsquaws recorded on-
transect in Harrison Bay on that date was 2955 (45.1 birds/km?). However,
the number recorded east of Simpson Lagoon (from Gwydyr Bay to Demarcation
Bay) was almost 50,000 individuals, or 222.3 birds/km’ (see Table 22).

Thus, during the presumed peak of the oldsquaw molt period during 1979,
about equal densities of oldsquaws were present in Simpson Lagoon and in
similar barrier island-lagoon habitats to the east. However, the densities
of oldsquaws in the Harrison Bay area, to the west of Simpson Lagoon, were
much lower.

During the last two aerial surveys conducted in the oldsquaw molt
period of 1978, on 25 July and 5 August, the estimated numbers of oldsquaws
present in Simpson Lagoon (12,769 and 12,068 birds, respectively) were less
than half those estimated to be present earlier, on 15 July 1978. On 25 July
1978, the densities of oldsquaws had declined not only in the Simpson Lagoon
area, but also west of Simpson Lagoon as far as Atigaru Point and east of
Simpson Lagoon as far as Flaxman Island (Fig. 18). During the extensive
5-6 August 1978 surveys, although the mean density of oldsquaws in Simpson
Lagoon remained relatively unchanged from that during the 25 July survey,
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the mean density of oldsquaws had declined further in the area west of
Simpson Lagoon. On the other hand, the number and mean density of old-
squaws east of Simpson Lagoon had increased substantially (Table 18,

Fig. 18), no doubt dweto the inclusion during this survey of the extensive
barrier island-lagoon systems east of Flaxman Island as far as the U.S.-
Canada border (see Fig. 2).

Oldsquaws were not evenly distributed within Simpson Lagoon during the
molting period. On 28 July 1977, oldsquaws were most heavily concentrated
at locations along the south sides of the barrier islands in Simpson Lagoon
(Table 23). Fewer oldsquaws were recorded on this same date (28 July 1977)
along the mainland shoreline of Simpson Lagoon and on 29 July at mid-lagoon
locations (Table 23). Fewer oldsquaws molted in Simpson Lagoon during 1978
and 1979 than in 1977 (see Tables 20, 21, 22 and Fig. 20), and fewer major
concentrations of oldsquaws were noted in Simpson Lagoon. However, concen-
trations that were recorded in 1978 were along the south shorelines of
barrier islands, as in 1977 (Table 23).

At locations west and east of Simpson Lagoon during 1978 and 1979,
major concentrations of molting oldsquaws were recorded primarily at barrier
island locations (Table 24). West of Simpson Lagoon during both years,
concentrations were recorded only at one location--south of Thetis Island.
East of Simpson Lagoon during 1978, major concentrations were recorded south
of Flaxman Island, south of the Jago-Tapaurak Spit, and south of Icy Reef.
The largest concentrations found at mid-lagoon locations in 1978 were in
Arey Lagoon, Jago Lagoon and Flaxman Lagoon (Table 24 and see Fig. 2).

East of Simpson Lagoon during 1979, major concentrations of molting oldsquaws
were recorded along the south shorelines of Long Island and Flaxman Island,
along the south shore of Collinson Point, along the north shore of Oruktalik
Lagoon and the north shore of Nuvagapak Lagoon (see Table 24). The only
large concentration of molting oldsquaws found at a mid-lagoon location in
1979 was in Simpson Lagoon (see Table 23).

Sex Ratios and Body Condition. Based on the sex ratios of oldsquaws
shot during the 29 July to 5 August 1977 and 1978 collection periods (Table
25; note that no oldsquaws were systematically collected during 1979),

approximately 85% and 93%, respectively, of the oldsquaws present in the

study area during this period were males. Several types of evidence
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Table 23. Locations of major oldsquaw concentrations recorded during
the period of summer molt in Simpson Lagoon, Alaska,
1977-79.

# Oldsquaws

28 July 1977

Barrier Island Shoreline Locations

SE Shore Spy Island 3,100
S Shore Leavitt Island 3,065
SE Shore Cottle Island 5,200

11,365

Mainland Shoreline Locations

NW Shore Ql1iktok Pt. 2,700
SW Shore Milne Pt. 2,875
SW Shore Kavearak Pt. 1,225

6,800

29 July 1977

Mid-Lagoon Locations. Totals probably under-
estimated because of incomplete coverage.

Between Beechey Pt.-E End Cottle Is. 1,750
Between Kavearak Pt.-Bertoncini Is. 4,575
6,325

25 July 1978*

Barrier Island Shoreline Locations

SW of Spy Island 1,371

1,371

. ..Continued

250



Page 2...

5 August 1978*

Barrier Island Shoreline Locations

SW of Spy Island

SW of Leavitt Island
SW of Pingok Island
S of Cottle Island

28 July 1979

Barrier Island Shoreline Locations

SW Shore Spy Island

Between Spy Island-lLeavitt isiand
Island

2km East of Pingok Island

1 km W Fat Point, Pingok

SW Shore Cottle Island

Mid-Lagoon Locations

.3 mSW Fat Point, pingok Island

# Oldsquaws

997
1,000
1,022

964

3,983

1,098
1,121
926
2,655
996

6,796

1,728

1,728

*During aerial surveys conducted in 1978 no major oldsquaw concen-
trations were recorded along mainland shorelines or at mid-lagoon

locations in Simpson Lagoon.
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Table 24. Locations of major oldsquaw concentrations recorded
during the period of summer molt at Barrier island-
Lagoon locations along the Beaufort Sea coast OF N E
Alaska, 1978-79. This table includes some birds
recorded off-transect.

# Oldsquaws

28-29 July 1978

Barrier Island Shoreline Locations

S Shore Thetis Island 2,500
SW of Spy Island 1,371
SW Shore Long Island 2,644

6,515

5 August 1978

Barrier Island Shoreline Locations

S Shore Thetis Island 1,275
S Shore Jones Islands (see Table 23) 3,983
SW Shore Long Island 3,844
SE Shore Long Island 1,262
S Shore Flaxman Island 5,835
SW Shore Arey Island 1,415
SE Shore Arey Island 2,625
sShore Jago-Tapaurak Spits 5,932
S shore Icy Reef 4,309
S Shore Demarcation Spit 1,550
32,030
Mid-Lagoon Locations
Arey Island 2,070
Jago Lagoon 1,660
Flaxman Lagoon 2,305
6,035
. ..Continued

253



Page 2...

# 0ldsquaws

28-29 July 1979

Barrier Island Shoreline Locations

S Shore Thetis Island 1,770
S Shore Jones Islands (see Table 23) 6,796
SW Shroe tong 1sland 4,782
S shore Mcclure Islands 2,425
S Shore Stockton Islands 2,477
s shore Flaxman Island 5,543
NW Shore Canning Lagoon* 1,182
NE Shore Canning Lagoon 2,610
S Shore Collinson Point 5,510
b/t Collinson and Anderson Points 1,646
S Shore Anderson Point 1,315
S Shore Arey Island 2,013
N shore Oruktalik Lagoon 4,039
nShore Nuvagapak Lagoon 4,231
N Shore Demarcation Bay 3,954

50,293

*This list includes the names of some waterbodies because some
barrier islands and spits are unnamed.
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Table 88. The thange in adult oldsquaw wing len
post mok periods at Simpsonlagoon,

gtn. wignt and_sywcutaneous fat thicknes
§Y. Values givenare mean

laska (1977-197

S adrlngthopu wlt, molit and
* sd.

Collection Intervals

17 June-27 July*

29 July- 5 August

7-18 August

20-31 August

4-23 September

MALES

Wing Length (cm) 1977

Pre Molt

ml t

Post Molt

231+ 1.0 (n=13}

12.9 t 2.0 (n=15)

19,3 1 2.2 {n=10)

21.9 i 1.1 (n=12)

1978 18.9 ¢+ 5.1 (n=24) 14.2 ¢+ 3.7 (n=14) 18,5 t 1.5 {n=18) 19.1 ¢ 1.2 {n=13}
Waight (9) 1977 869.3 t 1284 (n=13) 914.2 t 64.7 (n=15) 879.0 £ 52.4 (n=10) 862.5 t 72.1 (n=12)
1978 925.7 171.2(n=28) 920.8 t 70.7 (n=14) 839.1 t 495 (n=18) 853.9 t 39.8 (n=13)
SubQ Fat 1977 46 + 0.9 (n=8) 5.6 t1.7 (n=10) 3.7 t1.5(n=10) 3.2 $1.1(n=12)

Thickness {mm) 1978

4.7t 15 (n=28)

5.4 1 1.2 (n=14)

3.6 21.1(n=18)

3.2 10.8(n=13)

22.8 ¢ 1.0 (n=1)
22.4 t 1.4 {(n=}4)

949.3 :62.9 (n=7)
939.6 ¢ 86.7(n=14)

3.8 ¢+ 1.7 (n=7)
3.6 £ 2.5 (n=14)

FEMALES
Wing Length (cm) 1977

Pre Molt

Molt

Post olt

22.3; 21.1 (n=2)
1

20.6; 22.2; 20.5
{n=3)

13.9 t 1.7 (n=5)

17.2 1 3.3 (n=5)

20.8 i 0.4 (n=12}

1978 - 23.7 {n=1) 16.7 t 7.5 (n=5) 16.6 t 2.2 (n=7) 20.0 t 1.8 (n=8)
Weight (9) 1977 653 ; 685 (n=2) 42 (299 ); 814 761.0 £88.8{n=5) 737.0 £ 57.3 {n=5)  800.7 t 62.9 {n=12)
n=3
1978 675 {n=1) 745.0 t 63.6 (n=5) 691.4 t 61.2 (n=7) 775.6 t 93.4 {n=Q)
SubQ Fat 1977 heavy; 1 ight(n=2) 8.0; 3.0; 2.0 3.5 1.6 (n=5) 3.9 12.0(n=5) 2.4 £ 1.0 {(n=12)
Thickness (mm) {n=3)
1978 3.0 {n=1) 4.0 ¢t 1.4 (n=5) 3.5 £1.0 (n=7} 3.0 i 1.6 (ne9)
Sex Ratio** 1977 1:6.5 {n=15) 1:5.0 (n=18) 1:2.0 (n=15) 1:2.4 (n=17) 1:0.6 {n=19)
(F:M) 1978 0:28. 0 {n=28) 1:14.0 (n=15) 1:3.6 (n=23) 1:1.9 (n=20) 1:1.6 (n=23)

e Five male and two female oldscwaws were accidental%/ caught in gill nets during the period 17 June to 27 June 1977 and one male

oldsquaw was accidentally caught in a gill net on 2
wing length and weight “calculations.
July 1978, respectively.

‘No female oldsquaws were collected in this period in1978.

8 June 1978.  These eight birds were salvaged and have been included in the
| 1 other birds were adults collected during the period 11 to 27 July 1977 and 10 to 27

** puring, the collection of birds no attempt was made to collect either mates or females; hence, sex rat 10S are probably a true

reflection of flock composition.



indicated that the molt of male oldsquaws began in late July during 1977:
the large proportion of males present then, the considerable interval since
the peak of molt-migration, the fact that the peak number of birds was
recorded in late July, and the abrupt decrease in the mean wing length of
males from the 17 June-27 July collection period to the 29 July-5 August
period (Table 25). Furthermore, the mean wing lengths of male oldsquaws
collected during the 17 June to 27 July and the 29 July to 5 August periods
were markedly (though not statistically) different (shorter during the
early period and longer during the latter period) and more variable (Table
25; Fig. 21) than they were in 1977. Also, although the period of maximum
subcutaneous fat thickness was similar during 1977 and 1978, oldsquaws
attained maximum weight earlier during 1978 (within the 17 June to 27 July
period) than during 1977 (29 July to 5 August period). These results
suggest that during 1978 some male oldsquaws began to molt several weeks
earlier than during 1977.

Although the weights of male oldsquaws collected in Simpson Lagoon did
not change significantly during the summer of 1977, they did so during the
summer of 1978; peak Weightoccurred during the late september Periodin
1978 (Table 26). During the SUMMErs of both 1977 and 1978 the thickness of
the subcutaneous fat layer on the males did vary significantly with date,
and was greatest (5.6 * 1.7 cm during 1977 and 5.4 * 1.2 cm during 1978;
Table 25) in the 29 July-5 August collection period, during the latter part
of the molt.

Table 27 gives information concerning the small samples of oldsquaws
collected at inland tundra and barrier island locations during the summer

of 1979.

Oldsquaw Molt Period-Females

Along the Alaskan Beaufort Sea coast, female oldsquaws usually incubate
untilmid to late July (Johnson et al. 1975). This explains the low number
of females present in lagoon habitats or on mainland tundra lakes and ponds
during the 17 June to 5 August period in both 1977 and 1978. Unexpectedly,
in 1979 the highest density of oldsquaws (8.6 birds/km®) recorded on the
mainland tundra transect (Transect 5} during the three years of surveys was
recorded during the 28 July survey. Few oldsquaws (0.6 birds/km?) were
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Table 26. Statistical comparisons of the change in adult male old-
squaw weights and subcutaneous fat thickness throughout
the summers of 1977 and 1978.

1977 1978
Kruskal-Wallis SubQ Fat SubQ Fat
One-way ANOVA wt (9) Thickness (mm) wt (9) Thickness (mm)
'H' 4.21 16.12 24.28 26.08
d.f. 4 4 4 4
N S7 ol 86 86
P >0.25 <0.005 <0.001 <0.001
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Table 27. Body measurements of twetve olds%uaws collected at barrier island-lagoon and tundra
locations during September 1979.

Collection Location and Date

Tundra Lake Barrier Island-Lagoon (Thetis Island)
1 September 2 September 23 September
Males
wing Length (cm) 25.0 (n=1)* 22.8 + 0.54 (n=5)
10™ Primary (cm) 11.3 (-1 14.3 + 0.28 (n=5)
Weight ()
Tarsus (€M) 4.5 (n=1) 4.6+ 0.13 ()
SubQ Fat
Thickness {(mm) 2.0 {n=1) 3.1:0.57 {n=5)
T(es)tes L X W Rignt 1.1 X 0.4 (n=5)
f Left 1.1 x 0.4 (ws)
Females
Wing Length (cm) 18.2 + 0.24 (n=5)%* 21.7 {n=1)
10" Primary (cm) 9.6 £ 0.91 (n=5) 13.6 {n=1)
weight (Q) 795.0 {n=1)
Tarsus (cm) 4.3 £0.18 4.0 (n=1)
SubQ Fat
Thickness (inn) 1.6 + 0.41 (n=5) 2.0 {n=1)
Largest Ovum (inn) 2.0 (n=1}

e This immature male was collected from a brood of five accompanied by a f1ightless female.

**A1] five of these female oldsquaws were flightless and werecollected from a flock of 75-80flight-
I!ess oldsquaws (mostly females) on a Iarge tundra lake approximately 24 km inland from Simpson
agoon.
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recorded during the earlier survey on 22 June 1979, and none were seen on
the tundra transect dum‘ng the final two surveys conducted on 31 August

and 23 September.
During both 1977 and 1978, the ratio or femaleto male 0ldsquaws present

in the study area was markedly higher during 7-18 August than it had been on
29 July-5 August (Table 25). This shift in the sex ratio was probably a
result of an influx of female birds, apparently failed breeders, from in-
land tundra locations. The greatly reduced mean wing-lengths of females
collected on 7-18 August of each year compared With values prior to this
period (table 25) indicated that the females collected then had Very re-
cently molted their flight feathers

The larger and more variable wing lengths of the five female oldsquaws
collected during the 7-18 August 1978 period compared with the wing-lengths
of the five females col lected during the same periodin 1977 (Table25)

suggests that females as well as males initiated moit earlier in 1978 than

in 1977.

01dsquaw Post-Molt Period

Distribution and Abundance. Although female oldsquaws were molting
during mid-August in 1977 and 1978, males had nearly completed replacement
of their flight feathers by then (Table 25). The aerial survey conducted
on 15 August 1977 was incomplete; overwater Transects 1 and 3 were not

surveyed. However, high densities of oldsquaws were recorded on the two
lagoon transects that were surveyed--811.3 birds/km* on Transect 2, and
161.9 birds/km? on Transect 4 (Table 17). During the 15 August 1978 survey,
very few birds were recorded in habitats other than the shoreline transect

south of the Jones Island, and the density of oldsquaws at this location
was high (994.2 birds/km?).

The estimated total number of oldsquaws present in the study area on
15 August 1977 (at least 41,759 birds) was smaller than the estimated
total present during the previous suryey of 28/29 July 1977 {at least 51,375
birds). However, had Transect 3 been surveyed on 15 August the total for
this date would probably have been larger. The estimated total number of
oldsquaws present in the study area on 15 August 1978 (16,116 birds) was
slightly larger than the estimated number present during the preceding two
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surveys on 25 July and 5 August 1978 (12,769 and 12,068 birds
respectively).

During both 1977 and 1978, a very large proportion of the oldsquaws
present in Simpson Lagoon during the 15 August aerial survey were concen-
trated in waters immediately south of the Jones Islands (Tables 17 and
20-22). In fact, on 15 August 1978, 95.3% (15,366 birds) of the estimated
total number of oldsquaws (16,116) present in the study area were recorded
on the transect immediately south of the barrier islands (Transect 2).

The density of oldsquaws recorded on tundra habitats during the 15
August 1977 survey (5,81 birds/km?) was noticeably higher than that re-
corded there during the preceding survey on 28 July 1977 (1.2 birds/km?).
This increase may be explained by the fact that female oldsquaws with broods
would probably be more conspicuous on tundra ponds on 15 August than they
wereon 28 July (Bellrose 1976; King 1977). During 1978, oldsquaws were
not detected on mainland tundra lakes and ponds until the 25 August survey
(Table 17). In contrast to this, and as mentioned earlier, during 1979 no
oldsquaws were recorded on the mainland tundra transect after 28 July.

By late August and early September of 1977, 1978 and 1979, although
female oldsquaws were still flightless, most males had regained flight
(mean wing length = 21.9 + 1.1 cm during 1977, 19.1 = 1.2 cm during 1978
and 22.8 + 0.5 cm during 1979; Table 17 and 18a) and were capable of long-
distance movements away from Simpson Lagoon. Possibly related to thisS, there
was a marked decline from 15 to 30 August 1977 and from 15 August to 5
September 1978 in the number of oldsquaws observed in the study area
(Tables 12 and 14). In contrast, during 1979 the peak in the estimated
abundance of oldsquaws in Simpson Lagoon occurred during the late August
(31 August) aerial survey. The estimated total number of birdsin simpson
Lagoon (approximately 35,000 oldsquaws) was equivalent thweighted mean
density of 222.6 oldsquaws/km? (Table 22)

The largest concentration of oldsquaws recorded in Simpson Lagoon
during the 30 August 1977 survey was of approximately 2775 individuals
seen in the mid-lagoon area between Kavearak Point and Bertoncini Island.
The only other large group of oldsquaws recorded in the study area on this
date in 1977 was a concentration of 1800 birds SE of 0liktok Point.
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The largest concentrations of o]dsquaws seen inSimpson Lagoon during

the 15 August to 5 September 1978 period were as follows:

Date Location No. Oldsquaws
15 August 1978 SW Spy Island 8296
SE Spy Island 4085
S Pingok Island 2910
25 August 1978 SW Leavitt Island 3526
5 September 1978 Sw Cottle Island 1745

In 1978, approxiamtely 77% (4013 individuals, 330.3 birds/km?) of the old-
squaws seen on-transect in Simpson Lagoon during the 31 August survey were
at mid-lagoon locations. The largest concentration of oldsquaws seen
(both on- and off-transect) on this date was 5800 birds swimming midway
between Bodfish Island and Kavearak point. Another large group of ap-
proximately 2500 individuals was seen off-transect swimming between Cottle
“Island and Beechey Point.

The sex ratios of oldsquaws collected during the 20-31 Augsut periods
of both 1977 and 1978 remained in favor of males (71% and 66%, respectively).
During 1977 and 1979, no oldsquaws were recorded on tundra habitats during
the 30 August survey. During 1978, however, the density of oldsquaws on
the tundra transect (Transect 5) increased from 0.0 birds/km? on 15 August
to 2.0 birds/km® on 25 August and then declined to 0.1 birds/km? on 5
September 1978. Apparently some female and young oldsquaw had begun depart-
ingthe tundra for coastal habitats after 25 August; juveniles were col-
lected in Simpson Lagoon for the first time during the 25-31 August collec-
tion periods in 1977 and 1978.

The density of oldsquaws in offshore marine habitats seaward of the
barrier islands on 30 August 1977 was still low (3.3 birds/km?), compared
with densities on lagoon habitats, and the few oldsquaws that were sighted
on Transect 1 on this date were near ice pans and chunks of ice that had
drifted Tandward from the pack ice, which was located farther offshore.
During the comparable survey in offshore marine habitat on 25 August 1978,

.
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approximately 1800 oldsquaws (50.2 birds/km?) were recorded on-transect
among the many loose and scattered ice pans present off the coast of the
Jones Islands. On this date the edge of the Beaufort Sea pack ice was only
about 10 km offshore from the barrier islands. During the survey of this
same nearshore marine transect (Transect 1) on 5 September 1978, approxi-
mately 850 oldsquaws (20.2 birds/km?) were recorded in these waters, which
were then ice-free. On 31 August 1979, 500 oldsquaws (350 on-transect,
24.7 birds/km’; 150 off-transect) were recorded during the survey of
Transect 1, seaward of the Jones Islands. The birds were gathered into
three large flocks that appeared to be feeding among ice pans.

During the 22 September 1977 aerial survey, the weighted average
density of oldsquaws recorded on the three Simpson Lagoon transects was
666.8 birds/km’, a substantial increase from the average value of
137.1 birds/km? recorded on these same three transects during the previous
surveyon 30 August (Table 20). The density of oldsquaws recorded on
Transect 3, in the mid-lagoon portion of the study area, was about 930
birds/km?--the highest transect density of this species recorded during
1977. The estimated total number of oldsquaws present in the study area
during the 22 September 1977 aerial survey was 106,600 birds (Table 20).
Approximately 90% of these birds (95,142) were estimated to be present
in mid-lagoon waters. No major concentrations of oldsquaws were observed
along the southern margin of the barrier islands on 22 September. Over
90% (19,183 of 21,068) of all oldsquaws actually observed in the mid-
lagoon area (including off-transect sightings) on 22 September were in the
eastern half of the study area--east of a line from Jones Mound on the
mainland to the survey marker at mid-Pingok Island. The largest concen-
tration of oldsquaws observed during the 22 September 1977 survey (4082
oldsquaws) was in the mid-lagoon region between Kavearak Point and the west
end of Cottle Island. Other major concentrations of oldsquaws were seen
in mid-lagoon waters between Milne Point and Shacklo Point on Pingok Island
(approximately 3000 oldsquaws) and in mid-lagoon waters between Milne Point
and the survey marker at mid-Pingok Island (approximately 3000 birds).

Of the 8585 oldsquaws seen along the mainland shoreline of Simpson
Lagoon on 22 September 1977, 95% (8009) were observed in the eastern
portion of the study area. Major corcentrations along the mainland
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on- and off-transect during 23 September 1978 were in the western half of
the lagoon, i.e., west of a line from Milne Point to the survey marker

at mid-Pingok Island. The only large concentration of oldsquaws recorded
in Simpson Lagoon during this final survey was 4013 birds seen on- and
off-transect inthe large bay SW of Milne Point.

No major peak of oldsquaw abundance in Simpson Lagoon was detected
during the late September survey in 1979. The weighted mean density of
50.9 birds/km* was considerably lower than the values of 199.2 and 666.3
birds/km? calculated for the surveys conducted on 23 and 22 September 1978
and 1977, respectively. Of the total 5521 oldsquaws recorded on- and off-
transect in Simpson Lagoon on 23 September 1979, 62% (3428) and 33% (1795)
were seen along the shorelines of the barrier islands and the mainland,
respectively. Only 1.3% (75 birds) were seen at mid-lagoon locations;

4% (224 birds) were seen seaward of the barrier islands along the nearshore
marine transect.

On 24 September 1979, while we were en route between the Colville Delta
and Prudhoe Bay, we saw two very large concentrations of oldsquaws.
Approximately 10,000 individuals were seen in the rough water (winds at
56 km/h from 225°) along the leeward (west) side of the bay west of Point
McIintyre. Another large concentration of approximately 1000 oldsquaws was
seen on a large lake approximately 24 km west of Prudhoe Bay.

Tables 28 and 29 give locations of major oldsquaw concentrations recorded
during 1978 and 1979 periods of post molt in barrier island-lagoon habitats
along the entire Beaufort Sea coast of NE Alaska. The extensive surveys
conducted or 5-5 September 1978 indicated that very large concentrations c¢f
oldsquaws (approximately 8058 birds seen) were present in the barrier island-
lagoon systems ESE of Brownlow Point. Slightly west of this location, in the
lagoon area behind Flaxman Island, the single largest concentration of
oldsquaws directly observed during the 3-year study (approximately 32,000
birds) was recorded. Similar large concentrations of oldsquaws in barrier
island-lagoon habitats east of Prudhoe Bay as far as Flaxman Island were
recorded during the final aerial suryey on 23 September 1978 (Table 28).

Poor weather during the 31 August-1 September and 23 September 1979 periods
prevented surveys east of the Prudhoe Bay area consequently few post molting
concentrations of oldsquaws were recorded at locations other than the Simpson

Lagpon area.
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Table 28. Locations of major oldsquaw concentrations* recorded
during the post molt period (15 August to 23 September)
at barrier island-lagoon locations along the NE coast
of Alaska during 1978.

# Oldsquaws

15 August
Harrison Bay between Thetis Is. and Oliktok Pt. 3,245
SE Shoreline of Long Island 1,927
5,172
25 August
S Shoreline Thetis Island 1,022
SW Shoreline Long Island 2,247
S Shoreline Egg Island 2,315
S Shoreline Pole Island 1,479
S Shoreline Flaxman Island 6,111
13,274
5-6 September
Harrison Bay between Thetis Is. and Oliktok Pt. 1,335
S Shoreline Flaxman Island 5,603
ESE Brownlow Pt. (Canning Lagoon) 8,058
SE Konganevik Pt. 3,055
S Shoreline Icy Reef 1,212
Flaxman Lagoon 32,027
51,290
23 September
8 km N Heald Pt. 1,859
S Shoreline Narwhal Island 1,197
S Shoreline Pole Island - 18,073
Flaxman Lagoon 7,338
Mikklesen Bay 5,009
Foggy Island Bay 4,717
N Howe Island 1,500
Gwydyr Bay 3,651
43,344

*This table_includes birds recorded both on- and off-transect.
Concentrations in the Simoson Lagoon study area are described

in the text.
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Table 29. Locations of major oldsquaw concentrations* recorded
during the post molt period (31 August and 23 September
1979) at barrier island-lagoon locations along the NE
coast of Alaska during 1979.

# Oldsquaws

31 August ,
SW Shore of Long Island 1,343
1,343
23 September
Harrison Bay, approximately 6 km SSW of Atigaru Pt. 1,925
Prudhoe Bay, approximately 5 km WSW of Heald Pt. 1,380
3,305

*This table includes birds recorded both on- and off-transect.
Information regarding concentrations of birds recorded during
post molt period in the Simpson Lagoon study area is mentioned
in the text.
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By 23 September of 1977 and 1978 both sexes of adult oldsquaws as
well as juvenile birds were capable of flight; of the 12 and 9 female
oldsquaws collected during the 4-23 September 1977 and 1978 collection
periods (Table 25), four and one, respectively, were juveniles. Al s0
noteworthy is the fact that the sex ratio of adult oldsquaws collected in
the lagoon during the 4 to 23 September period had shifted in favor of
females, especially during 1977 (female/male ratio=0.42 and 0.52 during
20-31 August 1977 and 1978, respectively; 1.67 and 0.62 during 4-23 September
1977 and 1978, respectively).

The weights of oldsquaws collected throughout the 1977 and 1978 seasons
indicate that both males and females were very heavy during the September
collection period. Surprisingly, the subcutaneous fat layer of both male
and female .oldsquaws tended to be thinnest during this same mid-September
collection period (Fig. 21 and Table 25).

In summary, fewer male oldsquaws molted in Simpson Lagoon during 1978
than In 1977 and the molt for some males began up to two weeks earlier
during 1978. Both of these factors may be related to an early spring
break-up in 1978 and early flushing of ice not only from Simpson Lagoon
but from the entire northeast coast of Alaska. During 1978 oldsquaws
concentrated in very high densities immediately south of the Jones Islands
during July, August and early September. During extensive coastal surveys
in 1978 and 1979, concentrations of oldsquaws were recorded south of most
barrier islands along the entire NE coast of Alaska from Thetis Island in
the west to the Alaska-Canada border in the east. Male oldsquaws were
generally fattest and heaviest during the peak of the molt in both 1977
and 1978.

After the period of molt by males in both 1977 and 1978, the numbers
and densities of oldsquaws in Simpson Lagoon declined and remained low
until late September. At this time, large numbers of female and newly
fledged young oldsauaws arrived in Simpson Lagoon. Observations of large
numbers of oldsquaws at locations east of Simpson Lagoon during surveys
conducted in early and mid-September 1978 suggested that some of these
late-arriving oldsquaws in Simpson Lagoon may have come from mainland tundra
ponds and lakes that tyrically freeze over during late September, and from
areas to the east. During tre late September peak of abundance, oldsquaws
were concentrated primarily at mid-iageoniocetions.
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During the 1978 season as a whole, the density of oldsquaws in Simpson
Lagoon was not significantly different from densities recorded in areas to
the west (in Harrison Bay) nor from densities recorded to the east (as far
as the U.S.-Canada border) (Friedman ¥x*=2.6, n=10, k=3, P>0.35). On the
other hand, during the summer of 1979, the densities of oldsquaws recorded
in Simpson Lagoon and in the lagoons to the east were significantly higher than
the density in the Harrison Bay area (Friedman x*=6.5, n=4, k=3, P=0.042).

The aerial survey program during 1979 was less intensive than that during
either 1977 or 1978. Based on the four surveys that were conducted in 1979,
the seasonal trend in oldsquaw abundance in Simpson Lagoon during 1979 was
different from that in either 1977 or 1978. Although densities of oldsquaws
recorded in the study area on 22 June 1979 were comparable to those at that
time in 1977 and 1978, those during late July 1979 (the presumed peak of the
male molt period) were considerably lowerthanduring 1977 and were slightly
higher than during the same period in 1978. The peak density of oldsquaws
in Simpson Lagoon during 1979 was in late August; during 1977 and 1978, late
August through early September was typically a period of declining or low
oldsquaw abundance in Simpson Lagoon. No dramatic increase in numbers of
females and young-of-the-year in the lagoon was recorded during late September
of 1979, as had occurred during both 1977 and 1978. Unseasonably warm
weather prevailed along portions of the Alaskan North Slope during late
September 1979; consequently large amounts of open water at tundra loca-
tions were available to oldsquaws and other water-associated birds at that
time. Thus during late September 1979, many females and young-of-the-year

oldsquaws may have not yet moved from tundra wetlands to coastal lagoons.
Discussion

Pre-Molt Period

In early June, during the peak of spring bird migration along the
Alaskan Beaufort Sea coast, most rivers and streams begin to discharge
massive volumesofwater from the rapid snowmelt and runoff at interior
tundra locations (Maykut and Church 1973:623). The river discharge flows
out over the surface of the largely frozen lagoons tc depths of nearly a
meter at certain locations. Migrating water birds {loons and waterfowl)
were observed landing and swimming on this melt-water during spring 1977

(see “MIGRATION” section, this chapter).
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The melt water eventually flows down through pressure cracks and
strudel  holes, and under the lagoon ice. The total duration of the spring
flood is generally less than two weeks and it culminates when the ice lifts
from the bottoms of the lagoons. After the lagoon ice has lifted (in mid
to late June), anadromous fish and some species of invertebrates (primarily
mysids) move from marine areas into the lagoon waters. At thistime the
lagoons provide limited feeding habitat for various species of birds, in-
cluding arctic terns, several species of gulls, and post-breeding male
oldsquaws. These birds are most commonly observed resting and feeding at
locations near river mouths, along shore leads, and in the cracks and holes
in the lagoon ice.

The floating lagoon ice gradually thins, breaks apart and floats west-
ward (under the influence of the prevailing strong northeasterly winds;
Kozo 1979) out of the lagoons. Most coastal lagoons are generally free of
ice by midtolae July--two to four weeks earlier than marine areas north
of the barrier islands. The exact timein July that the lagoons clear of
ice depends on the thickness of the ice, the spring weather conditions and
the configuration of the lagoon or bay. AS the lagoons begin to clear of
ice, post-breeding male (and to a lesser extent, non-breeding female)
oldsquaws begin to concentrate in flocks in the shoreleads, and in the
cracks and holes in the lagoon ice.

The oldsquaw is one of the most abundant species of waterfowl in the
Beaufort Sea area (Barry 1974). Barry (1974) speculated that during spring
migration in 1972, over 1.1 million oldsquaws moved into the southeastern
portion of the Beaufort Sea.

Bell rose (1976) stated that oldsquaws are dispersed over the Arctic
tundra to a greater extent than any other species of waterfowl. Hanson
et al. (1956) found a pair of oldsquaws on each tundra pond that they
investigated near the Perry River in Canada. Near Chesterfield Inlet,
Canada, Hohn (1968) reported a pair of oldsquaws on almost every pond,
even on those as small as 0.27 ha. 0ldsquaws were the most commonnestir.g
species of duck on lakes along the Yukon North Slope during 1972 and 1973
(Gollop and Davis 1974; Sharp et al. 1974). Densities of o0ldsquaws on the
Alaskan North slope during the breeding season are also high (Bergman et
al. 1977; Derksen et al. 1977; Kirg 1977) relative to other waterfowl.
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Surveys of summer populations of oldsquawsinAlaska (King and Lensink
1971) have led to the very conservative estimate of 125,000 present on the
Arctic Slope (0.5 birds/km?). sSimilarly, both Kistchinski (1976) and
Krechmar et al. (1978) found theoldsquaw to be the most abundant species
of waterfowl on the coastaltundra of northeast Siberia.

After the breeding season, large numbers of male and non-breeding
femaleoldsquaws move from their breeding grounds and travel along
traditional routes to specific locations where they continue their summer-
long molt (see Salomonsen 1968, for a description of the molt-migration).
Salomonsen (1968) argued that the potential shortage of food on the
breeding grounds may be the ultimate cause of the molt migration in many
species of waterfowl. As Taylor (1980) has summarized, the molt migration
is typically regular and, although the evolutionary development of the molt-
migration is not clearly understood, it apparently maximizes individual
fitness and has significant survival value (Fredrickson and Drobney ?978).

Along the Alaskan North Slope, oldsquaws move from their breeding
locations on the above mentioned lakes and ponds to nearshore coastal
waters to feed and to molt (Johnson et al. 1975; Bellrose 1976; Palmer
1976).

Molt Period

The period of molt by male (and to a lesser extent by non-breeding
female) 0ldsquaws along the Beaufort coast iS generally between15 Ju l y
and 15 August. Prior to this period, as mentioned above, densities of
oldsquaws in coastal habitats are highest in the only open water habitat
available to them--atriver mouths, inshoreleads around the margins of
the barrier islands, in the shoreleads along the mainland shoreline, and to
a lesser extent, in the cracks in the lagoon ice. During 1977, the peak
of the oldsquaw molt occurred during the period 29 July to 8 August;
during 1978, the peak was less distinct and the molt in Simpson Lagoon
apparently occurred over a longer period. [In 1978 the molt began possibly
as early as 15 July in some birds. During both 1978 and 1979, the peak of
molt by oldsquaws occurred roughly between 29 July and 5 August; in 1978

some birds were still incapable of flight in mid-August.
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Several other investigators have documented the use of lagoons and
bays along the Beaufort Sea coast by molting oldsquaws (Brooks 1915;
Bartonek 1969; Bartels 1973; Schmidt 1973; Hall 1975; Ward and Sharp
1974; Gollop, Black et al. 1974; Gollop and Richardson 1974; Vermeer and
Anweiler 1975; Barry 1976; Divoky 1978a).

Feather molt by birds is a costly physiological process (Payne 1972:
139-145). The energy requirements of molting birds increase because of
increased metabolic costs for thermoregulation when feather loss reduces
body insulation, and because of metabolic demands for feather replacement.
Unlike most birds (and all other waterfowl), oldsquaws acquire three dis-
tinct plumages--they molt virtually continuously from early spring through
late fall (Salomonsen 1941; Palmer 1976). The energetic costs of molt by
oldsquaws, therefore, are probably considerably greater than for other
waterfowl . In view of these facts, it is significant that in Simpson
Lagoon, the thickness of the subcutaneous fat layer in male oldsquaws was
greatest during the period of molt when insulation afforded by feathers was
reduced. The subsequent decrease in the thickness of this fat layer after
the peak of the molt probably was a result of the prior increased metabolic
demands during molt.

Earlier we suggested that the availability of shelter and a reliable
food supply prior to and during the molt period may be an important factor
in increasing or maintaining adequate fat reserves during the molt
(Johnson 1978,).

Although the effects of wind on the energy requirements of molting
seaducks have not been specifically investigated, the metabolic responses
of other species to wind have been discussed by Stevens and Moen (1970),
Gessaman (1973), Evans and Moen (1975) and Kelty and Lustick (1977).

In general, the metabolic rate of a bird exposed to wind increases in
proportion to the square root of wind speed. During 1977 we found no
consistent quantitative evidence that oldsquaws sought shelter from the
wind behind the barrier islands (Table 30). However, over half of all the
oldsquaws observed during aerial and ground surveys during 1977 appeared
to be associated with the lee sides of the barrier islands. During 1978,
the relationship between the distribution of ¢ldsquaws and the lee sides

of the barrier islands was more clearly shown (Table 31). Approximately
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Table 30. Distribution and abundance of oldsquaws in Simpson Lagoon in relation to wind, 1977.

Position of Oldsquaws

Wind
Lee Side of Islands Mid Lagoon Mainland Coast
Survey Date Direction Speed
Survey Type O (km/h) # % # % # % Total

5 July, Aerial Calm Calm 398* 56.7 35 5.0 269 38.3 702
28 July Aerial 120 8 5,345* 44._4 6,687 55.6 12,032
1 August** Ground 090 24 4,583 46.1 5,347 53.8 9,930
14 August** Ground 060 16 19,938 87.8 2,758 12.2 22,67
15 August Aerial 135 8 11,991* 85.1 - 2,095 14.9 14,086
30 August Aerial 090 5 148* 4.7 2,271 72.3 721 23.0 3,140
22 September Aerial 270 27 297* 2.0 11,417 78.4 2,849 19.6 14,563

42,700 55.3 13,723 17.8 20,726 26.9 77,149

*Total birds seen on and off transect.

Because of logistic. difficulties, the middle portion of the lagoon was not surveyed on 28 Julyor
15 August.

**Buring counts of cldsquaws from positions on the ground (1 and 14 August), the lagoon was divided only
into north and south portions.
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Table 31 . Distribution and abundance of oldsquaws in Simpson Lagoon in relation to Wind, 1978.

Position of 0ldsquaws

Wind
Lee Side of Islands Mid Lagoon Mainland Coast
Survey Date* Direction Speed =
() , (km/h) # % . " " " Total

5 July 070 ) 17.7 4,906 92.0 398 7.5 28 0.5 5,332
15 July 050 21.3 21,102 90.9 735 3.2 1,367 5.9 23,204
25 July 040 14.2 5,042 75.2 1,415 21.1 247 3.7 6,704
5 August 360 2.3 5,161 84.8 824 13.5 98 1.6 6,783
15 August 050 17.7 16,520 97.3 390 2.3 75 0.4 16,985
25 August 290 15.9 5,088 85.3 669 11.2 211 3.5 5,968
5 September 070 7.1 2,274 89.1 201 7.9 78 3.1 2,553
15 September 270 8.0 854 61.8 432 31.3 95 6.9 1,381
23 September 210 16.1 163 2.3 3,562 49.5 3,472 48.2 7,197
61,110 81.0 8,626 11.4 5,671 7.5 75,407

*Aerial surveys.

+Total birds seen on and off transect.



90% of all the birds observed during the aerial surveys of Simpson Lagoon
(no ground surveys of the lagoon were conducted in 1978) were associated
with the lee (south) sides of the barrier islands; wind directions were
from northern azimuths (290° to 070°) during all aerial surveys considered.
The positive relationship between the northern component of wind and the
percent of oldsquaws present along the lee sides of the barrier islands
during 1977 and 1978 (see Fig. 22) was highly significant (Spearman r=0.76,
n=16, P<0.001), and suggests a remarkable adaptation to the prevailing

northerly and northeasterly winds in the Simpson Lagoon area.

Wind Direction July August September
at Oliktok (Approx. %)* (Approx. %) (Approx. %)

N 7 6 4

NE 26 21 20

E 24 28 30

S 3 3 4

SW 5 7 10

w 8 9 10

*Oata from Brewer et al. 1979.

Although Ashmole (1971:235) presented convincing documentation (e.g.,
Hardy 1967; Ingham and Mahnken 1966; Bennett and Schaefer 1960) that Tocal
enrichment and high production often occur in the eddies on the lee sides
of islands and over submerged banks, this phenomenon was not observed in
the Simpson Lagoon system. However, Griffiths and Diliinger (Ecology of
Invertebrates, this volume; Tables 14 and 17) have shown that during 1978
at least two of the three major invertebrate prey (Mysis relicta and
Onisimus glacialis) consumed by oldsquaws were significantly (P<<0.001)
more abundant in the lagoon, south of the barrier islands, than in the
marine system, north of the islands. Furthermore, Griffiths and Dillinger
found that within the Simpson Lagoon system, densities of major crustacean
invertebrates (mysids and Onisimus amphipods} were significantly highest
in the deep central portions; their invertebrate sampling stations 78-2,-3

and -4 were all at depths of 2.5 m. In general, oldsquaws were observed
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feeding in slightly shallower waters, closer to the lee sides of barrier
islands. Twenty-five groups of feeding oldsguawswerecollected;the
locations of collection had an average depth of 2.1 *# 0.18 m.

The association between molting oldsquaw ducks and barrier istand-
lagoon systems along the Alaskan and Canadian Beaufort Sea coasts is very
significant. Few investigators have documented such an abundance of densely
concentrated oldsquaws during the summer molt period in other habitats or in
other locations in the Arctic (see Palmer 1976 for a summary). The results
of this study suggest that the presence of protective (from wind, waves and
ice) barrier islands and the availability of rich supplies of food in
adjacent coastal lagoons at ieast partially account for these dense concen-
trations of molting (and feeding) oldsquaws in lagoon habitats.

In summary, during the mid-summer period of molt, oldsquaws gather
into large flocks and become completely flightless after the loss 0f their
wing feathers. During this period, they are relatively concentrated and
are probably more vulnerable to waterborne pollutants and to disturbance than
at any other stage of their Tifecycle; development-related activities in
lagoon systems along the Beaufort Sea coast, should be conducted with this
fact in mind. A recent preliminary study in a lagoon system in the
southeastern Beaufort Sea (Sharp 1978) suggests that stationary scaring
devices would have limited usefulness in deterring molting cidsquaws from
areas of possible contamination, but that slow-moving and low-flying heli-
copters may be useful to ‘herd both molting and flying oldsquaws away
from areas wWh e re they concentrate, and hence away from areas of possible

contamination.

Post-Molt Period

The estimated number of oldsquaws in Simpson Lagoon on 30 August 1977
and on 15 August 1978, after most males of this species had regained flight,
was reduced from the estimated numbers during and immediately after the
peak of abundance during the moit (28 July to 5 August 1977 and 15 July to
5 August 1978). Although the female/male ratio remained relatively unchanged
throughout August 1977 (1/5 to 1/2.4), apparently some oldsquaws had moved
out of Simpson Lagoon by the end of that month. During 1978 the female/
male ratio increased drastically during the month of August (1/14 to 1/1.9).
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During both 1977 and 1978, a dramatic increase in the estimated number of
oldsquaws present in Simpson Lagoon had occurred by 23 September--immediately
after lakes and ponds on the mainland tundra had frozen over. An influx

of birds from recently frozen tundra areas adjacent to Simpson Lagoon, or
from such areas east of Simpson Lagoon, probably accounted for this dramatic
increase. During the westward fall migration out of the Beaufort Sea, many
oldsquaws follow a coastal route similar to the route followed by some old-
squaws during eastward spring migration (Johnson et al. 1975; see “MIGRATION~
section). It is probable, therefore, that birds from the Canadian portion
of the Beaufort Sea, and/or from areas farther east in the Canadian Arctic,
may temporarily stop in food-rich lagoons and estuaries such as Simpson
Lagoon as they pass westward during late September. The majority of these
late-arriving birds are juveniles and females; this explains the increased
proportion of female oldsquaws and the presence of juvenile birds during

the late September collection periods.

The major dissimilarity between the post molt periods of 1977-78 and
1979 was the absence of the expected influx of primarily female and young-
of-the-year oldsquaw in late September, 1979. There is strong evidence that
by September 1979, most female and young-of-the-year oldsquaw had not yet
moved from inland tundra lakes and ponds, to the coastal lagoons. Table 32
shows the year-to-year differences in temperatures, percent ice-cover on
lakes and ponds, percent snow cover on the mainland tundra, and the number
of water-associated birds present along Transect 5, the, mainland tundra
transect approximately 8 km inland from and adjacent to Simpson Lagoon.

The temperature was higher and the percent cover by snow and ice was
lower in 1979 than in 1977-78.

Although only three species groups and ten individuals were recorded
along Transect 5 on 23 September 1979, high densities of birds have seldom
been recorded along this transect. The highest densities of oldsquaws
recorded on this tundra transect during three years of surveys were 5.8
and 8.6 birds/km? on 15 August 1977 and on 28 July 1979, respectively.

Even though the oldsquaw is a common species of nesting waterfowl on the
Alaskan North Slope, it is difficult to detect from the air. Bartels (1973)
has discussed the problems and biases associated with the detection of birds

in tundra habitats using various aerial survey techniques.
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Table 32. A comparison of weather data and bird sightings along the mainland tundra transect

adjacent to Simpson Lagoon, Alaska, during the week prior to the late September
aerial survey 1977-79.

Number of Water-

Estimated % lce Associated Birds
Mean and Snow Cover
Temperature # of Species # of
Date (°C) Ponds Lakes Tundra Groups Individuals
16-22 Sept. 1977 -1.6 100 95 99 0 0
17-23 Sept. 1978 -0.2 95 85 90 0 0
17-23 Sept. 1979 +0.7 45 35 5 3* 10%

*Four loons,5gulls and 1 unidentified duck.



Thus, unseasonably warm weather along portions of the AlaskarNorth
Slope during late September 1979 and the consequent large amount of open
water available to waterfowl, and the presence in these habitatsof several
species of water-associated birds (including ducks), provide strong circum-
stantial evidence that many oldsquaws had not yet moved from tundra lakes

and ponds to lagoon habitats.

Oldsquaws in Areas Other Than Simpson Lagoon

The total number of post-breeding oldsquaws that use the protected
lagoons and bays along the north coast of Alaska is not pracisaly kncwn.

In his vreview of major molting locations of oldsquaws in the Nearctic,
Palmer (1976:362) does not mention the coastal lagoons and barrier islands
along the north coast of Alaska.

The area between Thetis Island and the U.S.-Canada border provides an
extensive chain of protected barrier island-lagoon systems. Aside from the
Plover Islands, the area of coast between Thetis Island and Point Barrow
is generally lacking such barrier islands and lagoons. Even, 30, such areas
as Teshekpuk Lake, Harrison Bay, Smith Bay, and Admiralty Bay provide
large areas of protected water for molting and post molting concentrations
of seaducks. During shipboard surveys in August and September of 1971,
Bartels (1973) recorded large numbers of post-breeding oldsquawsin the
nearshore waters between Point Barrow and the Sagavenirktok River delta.

He calculated that 90% and 84%, respectively, of the total number of old-
squaws that he recorded during his surveys in 1971 were ip waters within

18 and 8 km from shore. Furthermore, approximately 88% of the total number
of oldsquaws that Bartels recorded were in relatively shallow waters nezar
the coast. During the helicopter surveys condiicted in these shallow

waters, Bartels recorded densities of oldsquaws ranging from 41.3 to

530.9 birds/km*in the area between Pt. Barrow and the Sag Ueita. Bartels
extrapolated his average nearshore density of 173.4 oldsquaws/km? acrass

his study area in order to estimate that approximately 337,000 past-breeding
individuals may have used this area during 18 August to 18 September 1971.

Judging from the results of our 1973 and 1974 zerial surveys from the
Colville Delta eastward to the U.S.-Canac2 tori=r, we suggest that densities

and numbers of post-breeding oldsquaws are higner along this more protected
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eastern half of the Alaskan Beaufort coast than along the western half.

Thus, we conservatively estimate that over one-half million oldsquaws

may occupy the north coast of Alaska during the post-breeding season. The
fact that over 100,000 oldsquaws were calculated to be present in one barrier
island-lagoon system (Jones Islands-Simpson Lagoon) late during the post-
breeding period in 1977 (see Table 20, this volume) lends credibility to

the above estimate.

Harrison (1977) conducted aerial surveys in the Beaufort Sea during
July and August 1976. During July, he recorded densities from 10 to 99.9
o1dsquaws/km2 at several coastal locations between Beaufort Lagoon and
Reindeer Island (Fig. 2). An interesting feature of Harrison’s July results
is that moderate densities (1.1 to 30.0 birds/km?) of oldsquaws were recorded
in far offshore locations, in the Beaufort Sea pack ice. During August,
Harrison’s recorded mean density of oldsquaws on all transects was only
3.4 birds/km’; locally high densities of from 30 to greater than 100
oldsquaws/km? were recorded at coastal locations between Anderson Point and
Griffin Point, to the west and east, respectively, of Barter Island. During
this same month locally high densities of oldsquaws were recorded along the
coast south of the Maguire Islands and in lLeffingwell Lagoon. Few oldsquaws
were recorded at offshore locations during Harrison’s August survey.

During the 4-day period 18-21 July 1973 over 31,000 post-breeding
(molting) oldsquaws were counted in the nearshore waters along the 538.3 km
section of coastline between Shingle Point, Yukon Territory, and Prudhoe
Bay, Alaska (Go11op and Richardson 1974). Approximately 65% of the total
31,000 birds were recorded in 16 areas of concentration along the north
coast of Alaska. Those areas of greatest concentration are listed in
Table 33.

Three other surveys were conducted along the northeast coast of Alaska
during 1973 (LGL Ltd. unpublished data). (1) The survey conducted on 17-

18 June 1973 indicated that, aside from minor concentrations in areas of
open water near river deltas, few oldsquaws were present along the north
coast of Alaska. (2) Few 01 dsquaws were detected during the survey con-
ducted on 29 July 1973 (4352 between Prudhce Bay and the U.S.-Canada border);
however, that survey did not include many mid-lagoon and barrier island

locations. Major concentrations on 29 July 1973 were located in Camden Bay,
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Table 33. Abundance and concentration areas of oldsquaws along the north

coast of Alaska during 18-21 July 1973*.

and Richardson 1974.)

(Data are from Gol lop

Areas of Concentration

South of Flaxman Island

Simpson Cove

S of Arey Island

S of North Star Island

S of Tigvariak Island

S of Bullen Point

Total Nine Other Concentration Areas

Remaining Scattered Flocks

Total

Number of 0Oldsquaw

5,033
3,100
1,612
1,300
1,141
1,000
7,063
11,004

31,253

*The oldsquaw molt period.
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behind Arey Island, in Kaktovik Lagoon, in Tapkaurak Lagoon, in Pokok Bay

and in Angnun Lagoon. (3) The last coastal survey conducted by LGL during
1973was on 30 August. On that date 25,040 oldsquaws were recorded along

the northeast coast of Alaska. Major concentrations were seen off the Sag

River delta, in the protected waters behind the Maguire, Stockton and

McClure islands, behind Flaxman Island, offshore from Camden Bay (approximately
8000 individuals) and offshore from Barter Island (approximately 10,000
individuals).

Spindler (1979) conducted aerial surveys along the coast of the Arctic
National Wildlife Range during August and September of 1979. His Survey
procedures and transect locations were similar to ours along this portion
of the Arctic coast. Spindler’'s first survey was conducted on 1 August and
was approximately along our Transect 14 (his transect terminated at Barter
Island; ours terminated at Arey Island). On this date and in this area he
recorded a density of 97.9 oldsquaws/km?, which was radically less than
the 373.3 birds/km?® thatwe recorded there three days earlier on 29 July.
The reason for this apparent decline in the number of oldsquaws (from ap-
proximately 14,000 birds to approximately 4000 birds) is not clear. It is
conceivable that our earlier assumption regarding the timing of the moit
by male oldsquaws during 1979 was incorrect. If so, then the molt may have
begun early in July rather than late in July, as we had assumed. Thus, it
is possible that by 1 September some oldsquaws may have completed their
wing molt and may have beenable to fly out of the survey area. However,
since most of the lagoon systems along the coast of northeast Alaska were
not free of ice until 14 July, it is unlikely that the initiation of the
molt began earlier than a week later, during the fourth week of July.

Male oldsquaws only reluctantly fly on wings that are less than 19-20 cm
long. After they molt their flight feathers, oldsquaws require approx-
imately 12-14 days for their wings to grow to 19-20 cm (Table 25).
Therefore, the earliest date when oldsquaws may have been able to fly,
if they began the molt during the fourth week of July, was during the
period 2 to 4 August.

Another possible explanation for the apparent decline in the oldsquaw
density between 29 July and 1 August 1979 may be that large numbers of old-

squaws swam, rather than Flew, Ffrom the transect area. A much larger
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proportion of transect 14, compared with other transects, lies along the
exposed coast between Konganevik Point and Anderson Point. On 29 July we
recorded over 8400 01dsquaws on-transect between these two points . Thus,
it is possible that many of the 8400 oldsquaws recorded in this area on

29 July were offshore from the coast on 1 August (out of the transect
area) and were undetected. The subtraction of these 8400 oldsquaws from
our on-transect count recorded on 29 July would reduce the density from
373.8 birds/km? to 139.2 birds/km?. The difference between 139.2 and 97.9
birds/km’ represents approximately 1500 oldsquaws, and could be attributable
to factors such as variability in an observer’s detection and estimation
skills, the state of the sea, or fog conditions.

Spindler’s second 1979 aerial survey along the coast of the Arctic
National Wildlife Range was during the period 7 to 10 September. Along
portions of our Transect 14 on 10 September, he recorded only 234 oldsquaws
(8.1 birds/km?); along Transect 15 on 7 and 10 September, he recorded
2027 oldsquaws (56.2 birds/km?*). Thus, along the 162 km of coast between
Konganevik Point and Demarcation Bay, only 2256 oldsquaws (38.4 birds/km?)
were recorded. This was a marked decline from the density recorded along
portions of this coast during early August. As mentioned earlier, however,
the period from mid or late August to early September traditionally has
been a period of decline in the abundance of oldsquaws at barrier island-
lagoon locations along the ccast of northeastern Alaska. In Simpson Lagoon
this decline is coincident with a decline in the ratio of male:female
oldsquaws.

During our investigations of oldsquaws in the post molt period in the
Simpson Lagoon area, we have not recorded many oldsquaws migrating eastward
or westward along the coast. Such movements probably would have been detected
if male oldsquaws were leaving the coastal Beaufort Sea area for locations
east or west of there. Similarly we have not recorded large scale migrations
northward or southward from the lagoons. A movement southward by large
numbers of oldsquaws would be unlikely during this period since tundra
wetland habitat is relatively saturated with female oldsquaws and their
broods. A movement northward by large numbers of oldsquaws seems most
likely and could easily occur without being noticed. The fact that the
highest densities of oldsquaws along the offshore marine transect (Transect 1;

283



1.6 km seaward of the Jones Islands) normally are recorded during the
period 15 August to 15 September (see Table 17) supports the hypothesis
that oldsquaws, primarily males, move seaward into offshore marine habitats
during late August and early September. During aerial surveys conducted
on 30 August 1973 (LGL Ltd. wunpubl. data), large flocks of oldsquaws were
recorded at offshore locations north of Camden Bay (8000 birds) and north
of Barter Island (10,000 birds), and in late August 1977, after most old-
squaws in the Simpson Lagoon area had regained flight, small flocks were
observed flying seaward of the barrier’ islands and landing among the ice
floes that had moved close to the coast at that time. Divoky (1978a:
407, 419 and 432) recorded significant numbers of oldsquaws at locations
far offshore in the Beaufort Sea during August and September and reported
(1 978a :482) that in September oldsquaws arrived in El son Lagoon (SE of Point
Barrow) from the north.

Four oldsquaws from a group that appeared to be feeding among ice
floes were collected 300m offshore from Pingok Island on 27 August 1977.
The stomachs of all four birds contained large numbers (see table below)
of the ice associated amphipod Apherusaglacialis (see Griffiths and Dillinger,
Ecology of Invertebrates, this volume, for more information on A.glacialis).

A.glacialis in four oldsquaw stomachs

1 2 3 4

# g* # 9 # 9 # 9

58 0.48 105 0.52 42 0.33 15 0.09

*grams wet weight.

An inspection of the ice floes in the general area where the birds were

feeding revealed large numbers of A.glacialis on the under ice surfaces.
Amphipod traps set in the benthos in this area caught very large numbers
of Onisimus glactalis and small numbers of A. glacialis. Thus oldsquaws
were probably feeding from the undersides of the ice pans where Apherusa

were dense.
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In the absence of ice-associated invertebrates, oldsquaws could
easily feed from the epibenthos in offshore regions. More than any other
species of sea duck, oldsquaws are adapted for feeding in deep water at
offshore marine locations. They are unique in their manner of diving.
They “fly” through the water, using the full area of their wings, in a
manner similar to that of the auks (Johnsgaard 1975). They can dive to
depths of nearly 70m (Palmer 1976; Peterson and Ellarson 1979). The
area up to about 50 km offshore from the Jones Islands is less than 70 m
deep. Thus oldsquaws could feed on the high densities of amphipods and
mysids present in the marine epibenthos at offshore locations (see Results
of invertebrate sampling from Station 7, Griffiths and Dill inger, Ecology

of Invertebrates, this volume).
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PREMIGRATORY STAGING
Results

Shorebirds

Although phalaropes were not the only species of shorebirds observed
in the study area during 1977 and 1978, they were the most common shore-
birds recorded and they were highly concentrated, especially during 1977,
at certain shoreline locations in the study area during mid August. There-
fore, phalaropes were considered key species. Other species of birds
recorded on shoreline transects but thought to be of less relative impor-
tance than phalaropes are shown in Appendix VIII.

The movement of juvenile phalaropes from rearing areas on the tundra
to coastal staging areas was, in 1977, first noted at Pingok Island on
1 August. On this date a total of 150 red phalaropes were recorded on 15
shoreline transects in the study area. During 1977 no northern phalaropes
were recorded during transect surveys in the study area until 3 August
(Table 34). During 1978, red and northern phalaropes (37 and 6 birds,
respectively) were FTirst recorded along the barrier islands on 4 August.

The overall ratio of northern to red phalaropes recorded in the study
area during the month of August was 1:4.0 in both 1977 and 1978. During
1977, this ratio was 0:150 on 1 August before northern phalaropes had
arrived in the study area, 1:2.8 on 16 August during the peak of phalarope
abundance, and 1:1.4 on 26 August--the last date when both species were
recorded in the study area. Seventeen red phalaropes (in winter plumage)
were recorded on Pingok Island on 14 September; these were the last phala-
ropes seen in the study area during 1977.

During 1978, the ratio of northern to red phalaropes varied from
0:277 on 14 August during the peak of phalarope abundance to 1:2.1 during
the survey on 29 August. Although the overall ratio of northern to red
phalaropes (1:4.0) was the same during 1977 and 1978, the number of phala-
ropes recorded during 1978 was much smaller than that during 1977
(Table 34). Even though no phalaropes were recorded in the Simpson Lagoon
area after 3 September 1978, two small flocks (4 and 8 birds, respectively)
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were recorded in an area of open water near the ARCO causeway (Prudhoe
Bay) “on 14 and 15 October 1978.

During August and early September of 1977 and 1978, densities of
shorebirds differed significantly among the three types of beach transects
surveyed (for 1977, Friedman X.%=6.4, k=3, n=5, P=0.04; for 1978, x,2=111,
k=3, n=8, P=0.002--see Table 35 and Siegel 1956). During both years, mean
densities were highest along oceanside beaches of the barrier islands,
intermediate along lagoonside beaches of these islands, and lowest along
mainland beaches.

During August of 1978, markedly fewer phalaropes were recorded in the
study area than during the same month in 1977 (Tables 35 and 36).

The dates of peak densities of phalaropes along barrier island beaches
were similar in 1977 and 1978, except that the peak density on the seaward
beaches was recorded earlier in 1977 than in 1978, whereas the peak den-
sity along the lagoonside beaches was earlier in 1978 than in 1977
(Table 35). During both 1977 and 1978 phalaropes were recorded along main-
land beaches only during the period of their peak abundance in the study
area (29.8 birds/km on 16 August 1977 and 1.0 and 2.4 birds/km on 19 and
24 August 1978; Table 35). Few phalaropes were present in the study area
after the end of August in 1977 and after 3 September 1978.

During August of both 1977 and 1978, red phalaropes accumulated a
substantial amount of fat during the period of pre-migratory staging in
the study area (Table 37). Northern phalaropes in both years arrived in
the study area substantially fatter than red phalaropes and no distinct
increase in fatness of northern phalaropes was noted during August.

All phalaropes collected for the feeding studies during both 1977 and
1978 were juveniles. Sex ratios of both species of phalaropes varied
greatly between collection periods (Table 37). For both species during
1977, the proportion of females was lower on 19-25 August than on 3-12
August, but the difference was not statistically significant for either
species. During 1978, the opposite was true; the proportion of females of
both species was lower (although not statistically so) during the 6-18
August period than during the 20-31 August period.

To summarize, significant numbers of phalaropes were present in the

study area only during August, although some flocks apparently remain along
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Table 35. Average linear densities (birds/km of shoreline)* of all shorebirds recorded on three
beach types surveyed during 1977 and 1978.

Beach Type
Barrier Island Barrier Island
Oceanside Beach Lagoonside Beach Mainland Beach
(n=5) (n=5) (n=5)
Date of
Survey 1977 1978 1977 1978 1977 1978
31 July - ¥ 6.2(1.0) - 0.0(0.0) - 2.6(0.0)
1 August 5.0(4. 0) - 2.2(1.2) - 1.6(0.0) -
4 August 9.4(7.0) 1.6(1.6) 0.0(0.0)
9 August 2.0(2.0) 3.0(3.0) 0.0(0.0)
14 August - 0.2(0.2) - 54.2(53.8) - 0.6(0.0)
16 August 132.3(131.8) - 38.0(32.8) - 32.8(29.8) -
19 August - 36.0(34.8) - 36.4(35.0) - 5.2(1.0)
24 August 2.2 (0.0) 15.2(14.8) 39.8(32.6) 26.4(23.8) 1.2(0.0) 7.6(2.4)
29 August - 67.4(61.6) - 18.4(17.4) - 3.4(0.0)
1 September 11.2(0.0) - 3.0(0.0) - 3.8(0.0) -
3 September 0.6(0.4) - 24.0(12.6) - 0.0(0.0)
14 September 15.6(0.0) 2.0(0.0) 0.0(0.0)

*Beach transects were 1 km long x 20 m wide (10 m either side of the shoreline) = 0.02 km?.
Only those birds seen on transect have been included in this table.

TLParentheses enclose the mean densities of all phalaropes (red, northern and unidentified
phalaropes) recorded during each survey.



Table 36.

the Tagoonside beaches of the JONes

Island,

ESt i mated numbe rs Of ShO reb i rdS and qulistterns present along the oceanside and
Islands from Spy to Cottle

and along

the mainland beach of simpson Lagoon from 01 iktok Point to Beechey Point, 1977

and 1978.

Date of Survey*

Beach Type

Barrier Island
Oceanside Beach
(30.5 km long)

Barrier Island
Lagoonside Beach
(34.2 km long)

iai o and Beach
(32.2 km long)

and Species 1977 1978 1977 1978 1977 1978
31 July

Al 1 Shorebirds 189(31) o(o) 84(0)

All Gulls/Terns 37(37) 7(0) 19(19)
1 August

Al 1 Shorebirds 153(122)" 75(41) - 52{0)

Al Gulls/Terns 24(18)** 109(21)(14) - 6{6)
4 August

Al 1 Shorebirds 287(44) 55(55) 0(0)

Al 1 6u} 1 s/Terns 18(18) 0(0) 6(5)
9 August

Al 1 Shorebirds 61(61) 103(103) 0(0)

All Gulls/Terns 6(6) 27(7) 0(0)
14 August

All Shorebirds 6(6) 1854(1840) 19(0)

Al 1 Gul 1 s/Terns o(0) 55(41) 6(6)
16 August

Al 1 Shorebirds 4035(4020) 1300(1122) 1056(960)

All Gulls/Terns 79(6)(6) 1156(27) 6(6)
19 August

Al 1 Shorebirds 1098(1061) 1245(1197) 169(32)

All Gulls/Terns 18(15) 0(0) 0(0)
24 August

Al 1 Shorebirds 67(0) 464(451) 1361(1115) 903(814) 39(0) 245(77)

Al 1 Gulls/Terns 24(24) 6(6) 150(150) 0(0) 0(0) 0(0)
29 August

All Shorebirds 2056(1879) 625(595) 11020

All Gul is/Terns 55(55) 0{0) 0(0]
1 September

All Shorebirds 342(0) 10320; 122(0)

All Gulls/Terns 451(451) o(o 13(13)
3 September

Al 1 Shorebirds 18(12) 821%431) oio)

Al 1611 is/Terns 49(49) 185( 185) - 32(32)
14 September

All Shorebirds 458(0) 68(0) 0(0)

Al Gulls/Terns 31(31) 27(27) 0(0)

e Beach transects were 20 m wide (10 m either side of the shoreline) and 1 km long. Estimates
are based on mean densities of birds recorded during each survey along 5 transects on each

type of beach.

“Parentheses enclose the estimated number of all phalaropes present along the beach type.

**Parentheses egnc lose LNE estimated number OT  glaucousgullspresent alangihe beach type. Wheretwo
parenthetical values appear, the first refers to glaucous gulls and the second refers to Sabine's gul Is.
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Table 37. Changes in subcutaneous fatness* and sex ratios of red and northern phalaropes in
Simpson Lagoon during August, 1977 and 1978. All specimens were juveniles.

August 1977

Species
3 4 5 6 12 19 21 23 25
Red Phalarope
Fatness X 2.4 2.1 2.4 2.3 2.7 3.0 3.2 4 3.3
S.D. 0.55 0.30 1.14 0.50 0.82 0.89 0.98 0 0.98
n 5 11 5 4 6 6 6 1 12
i t + t t
Sex Ratio (M/F) 3/2 5/6 3/2 1/3 1/2 6/0 4/1 - 5/5
Northern Phalarope
Fatness X 3.5 3.5 3.0 3.4 - 4.5 3.8
S.D. 0.58 0.71 0 1.41 - 0.58 0.84 0
n 4 2 4 8 - 4 5 1
. t + t +
Sex Ratio (M/F) 2/2 2/0 2/0 1/1 1/5 3/1 3/1 1/0 -

. ..Continued



(414

. ..Page 2

August 1978

Species
6 7 10 12 17 18 20 21 22 23 26 27 28 30 31
Red Phalarope
Fatness X 1.3 2 2 2 3 25 25 35 2 2 3.3 - 3.5 4 2
S.D. 0.75 - 0.5 - 0.33 0.4 0.4 0.29 0.30- 0.29 0.25
n 3 1 3 1 2 6 2 2 1 1 3 - 2 3 1
sex Ratio (WF) 2707 170 270t o0t 11 23" o2 11 os1 10 12 - V1 12 1/0
Northern Phalarope
Fatness X 2.3 4 4 2.8 3 4 2 2 - 2.7 3 3
S.D. 0.43 - 0.25 0.35 0.33 0.5 - - 0.38 0.33
n 3 1 2 6 2 1 3 1 - 3 3 1
Sex Ratio (M/F) o1 10 11 230 1 o 271 o - 0/2+ /2 0/1

*Fatness classifications conform to OCS fatness codes:

4=heavy

fat;

5=excessive

fat.

1=no fat; 2=11ght fat;

4.
‘Some birds of undetermined sex were collected on this day

3=moderate

fat;



the Beaufort Sea coast until freeze-up is nearly complete. Markedly fewer
phalaropes were recorded in the Simpson Lagoon-Jones Islands study area in
1978 than in 1977. During the month of August of both 1977 and 1978 red
phalaropes accumulated fat and outnumbered northern phalaropes by a ratio
of 4.0:1. The period of peak phalarope abundance was during mid to late
August when high densities were recorded along oceanside (the highest den-
sities) and lagoonside beaches of barrier islands. Few phalaropes were
recorded along mainland beaches during either year of study.

Arctic Tern

Although some arctic terns nested in the study area, all large groups
of this species were transients. A relatively large westward movement of
arctic terns through the study area occurred during mid August of 1977
(Tables 36 and 38). Peak numbers recorded during the 15 August 1977 aerial
survey were along the barrier islands (Transect 2) where a total of 355
were observed. During this survey no arctic terns were observed in off-
shore marine habitats, in mid-lagoon habitats or in tundra habitats.

In general, far fewer arctic terns were recorded in the Jones Islands-
Simpson Lagoon study area during 1978 than in 1977. During 1978 the field
camp and migration watch station were located near the mainland coast
rather than on Pingok Island where they had been during 1977. Probably
for that reason, westward fall migration of arctic terns was recorded along
the barrier islands in August 1977 but not in 1978. However, the peak of
tern abundance in the study area in 1978 was again recorded during aerial
surveys conducted on 15 August at barrier island locations (Table 39).
During the aerial survey programs of both 1977 and 1978, the majority of
all arctic terns recorded in the study area (98.2% in 1977 and 86.5% in 1978)
were recorded at locations along the barrier islands (see Table 39). The
fact that a few arctic terns were recorded at nearshore marine locations
seaward of the Jones Islands during late August of both 1977 and 1978 sug-
gests that a westward fall movement may occur there or that terns may feed
at locations seaward of as well as along the barrier islands. During the
entire two-year study only five arctic terns (three during 1977 and two
during 1978) were observed during aerial surveys along the mainland
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Table 39. Total numbers of terns recorded during aerial surveys of
five transects in the Jones Islands-Simpson Lagoon area,
June to September 1977-78.

Transect #
Date 1 2 3 4 5 Total
1977

5 June 00" 0@ 0@ 0@ 0@ o)

20 June o (o) 10 (o) o (o) o (0) o (0) 7 (0)

5 July o (0) 22 (0) 0(2) o o (0 22 (2)

28/29 July* o (0) 23 (36) o (2 3 (0) o (0) 26 (38)
15 August (-) 355 (1) (- 0@ o (o) 355 (I)**

30 August 5 (0) 109 (o) o (0) o (0) o (o) 114 (o)

22 September o (0) o (0) o (0) o (o) o (0) o (0)

1978

23 June o (0)* 3 (0) 0@ o (@ o (o) 3 (0)

5 July o (0) 12 (0) o (0) o (o) o (o) 12 (o)

15 July o (o) 12 (4) o (0) 2 (0) 1 (o) 15 (4)

25 July o (0) 3 (0) o (0) o (0) o (0) 3 (0)

5/6 Augqust o (0) 2 (3 o (0) o (0) o (0) 2 (3

15 August o (0) 35 (3) o (0) o (0) o (0) 35 (3)

25 August 9 (0) o (0) o (0) o (0) o (0) 9 (o)

5 September o (0) o (0) o (0) o (0) o (0) o (0)

15 September o (0) o (0) o (0) o (0) o (0) o (0)

23 September o (0) o (0) o (0) o (o) o (o) c (o)

*Transects 1 and 3 were surveyed on 29 July 1977; Transects 2, 4 and 5
were surveyed on 28 July 1977.

+Parentheses enclose the number of terns recorded off-transect (>200 m
from either side of the aircraft).

**Minimum number.
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shoreline of the study area. The few arctic terns that nested in an area
of lakes and ponds SW of the mainland tundra nesting plot (Plot 3; Fig. 1)
were commonly observed flying to and from the barrier islands to feed.

Terns concentrated to feed at several locations along the barrier
islands during fall westward movements. The most notable of these con-
centration areas during 1977 were at the east ends of Spy Island (about
220 observed on 16 August) and Pingok Island (maximum of 167 observed on
16 August). During 1978, the only feeding concentration of terns noted in
the study area was of approximately 10 individuals recorded at the east
end of Pingok Island on 29 August.

The detailed survey of barrier island beach transects on 16 August
1977 indicated that the number of arctic terns was greater along the
lagoonside beaches of the barrier islands (33.0 terns/km of shoreline)
than along the oceanside beaches of the islands (2.2 terns/km) or the main-
land beaches (noterns observed). Based on these results, the estimated
numbers of arctic terns along all beaches in the study area on 16 August
1977 were as follows: Dbarrier island oceanside shorelines, 67 arctic
terns; barrier island lagoonside shorelines, 1129; mainland shorelines,
none (Tables 35 and 36). Only 109 arctic terns were observed during the
30 August 1977 aerial survey of the barrier islands. No terns were re-
corded in the study area after 30 August 1977 or after 25 August 1978.

During 1978, the only significant numbers of arctic terns recorded in
the study area were during shoreline surveys on 9 and 14 August (Table 38)
and during the 15 August aerial survey along the barrier island shoreline
of Simpson Lagoon (Transect 2; Table 39).

As mentioned earlier, no intensive field program was conducted in the
Jones Island-Simpson Lagoon study area during 1979. During the four aerial
surveys conducted in 1979, only one arctic tern was recorded on-transect
in the Jones Islands-Simpson Lagoon study area (Table 40). That tern was
recorded along the south side of Leavitt Island during the 28 July aerial
survey. Four arctic terns were recorded off-transect at this same location
during the preceding survey on 22 June 1979.

The density of arctic terns in Simpson Lagoon during 1978 and 1979 was
not significantly different from that at locations east and west of Simpson
Lagoon (Tables 41 and 42). Of the total 148 and 61 terns seen on-transect
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Table 40. Total numbers of terns recorded during aerial surveys
of five transects in the Jones Islands-Simpson Lagoon
area, June to September 1979.

Transect # 22 June 28/29 July 31 Aug.-1 Sept. 23 Sept.
1 0 (0)* 0 (©) 0 (©) 0 ()
: 0 (4 O 0 () 0 (0)
3 0 () 0 (© 0 (©) 0 ()
! 0 () 0 () 0 (0) 0 ()
5 0 () 0 (© 0 () 0 ()
Total o @) 1 0 @) 0 (0)

*Parentheses enclose the number of terns recorded off-transect (>200 m
from either side of the aircraft). Numbers to the left of parentheses
are birds seen on-transect.

taste 41. Numbers of arctic terns qlecorde on- and off-transect along various sections of the
geasfort Sea coast of northeastern Alaska, June to September 1978

wst OF Simpson Lagoon* Simpson Lagoon East of Simpson Lagoen'
+ Terns # Terns # Terns
s km? - # _ # 2 _
Survey Date Surveyed on off  Surveyed on off  Surveyed on of
23 June 12.0 0 0 39.9 3 0 31.3 0 i
5 July 65.5 0 0 39.3 12 2 322.8 13 4
15 July 12.0 0 0 39.9 14 4 31.3 0 0
25 July 65.5 0 0 39.9 3 0 162.0 1 3
5 August 65.5 0 0 39.9 2 3 315.1 6 6
15 August 12.0 0 0 39.9 35 3 31.3 4 12
25 August 5.5 0 0 39.9 0 0 126.9 28 0
5/6 September 65.5 0 0 39.9 0 0 315.1 27 0
15 September 12.0 0 0 39.9 0 0 31.3 0 0
23 septenber 12.0 0 0 39.9 0 0 126,9 0 0
All Dates 327.5 0 0 399.2 69 12 1393.9 79 26
Mean Density 0.00 0.17 0.06

® ThiS areaincluded 3s many 95 six transects £163.7 km X 0-4 5 =6 .5 mz)', i e tended as far west &$
i i Theluded " fost of The ovin River dalta (ses Fiolire A-gﬁ.

“This area included as many as 11 transects (787. E km X 0.4 km = 315.1 m®); it” extended as far east as
the Canada-U. S. border and as far north as the Midway Islands, north of Prudhoe Bay (see Figure 2C-6).
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Table 42. Numbers of arctic terns recorded on- and off-transect along various sections of the
Beaufort Sea coast of northeastern Alaska, June to September 1979.

1.

West of Simpson Lagoon* Simpson Lagoon East of Simpson Lagoon’
# Terns # Terns # Terns

# km’ # km’ # km’
Survey Date Surveyed on off Surveyed on off Surveyed on off
22 June 65.5 2 1 39.9 0 4 93.8 1 =« 0
28/29 July 65.5 4 | 39.9 | 0 222.3 53 3
31 Aug.-1 Sept. 65.5 0 0 39.9 0 0 13.9 0 0
23 Sept. 65.5 0 0 39.9 0 0 31.3 0 0
All Dates 262.0 6 2 159.6 | 4 361.3 54 3
Mean Density 0.02 0.01 0.15

*This area included as many as six transects (163.7 km x 0.4 km = 65.5 km®); it extended as far west as
Atigaru Pt. and included most of the Colville River delta (see Figure 2A-B).

+This area included as many as 11 transects (787.8 km x 0.4 km = 315.1 km?); it extended as far east as
the Canada-U.S. border and as far north as the Midway Islands, north of Prudhoe Bay (see Figure 2(C-G).



in lagoon habitats during 1978 and 1979, 135 (91%) and 50 (82%), respec-

tively, were seen along the south sides of barrier islands.

Glaucous Gull

Of the total of 1112 glaucous gulls recorded during aerial surveys in
Simpson Lagoon during 1978, 95.1% (1058) were seen at shoreline locations
(Transects 2 and 4) and 80.9% (856) of these birds were observed along bar-
rier island shorelines (Transect 2; Table 43).

Although mid-lagoon waters were little used in either year, consider-
ably more glaucous gulls were recorded at mid-lagoon locations in Simpson
Lagoon during 1978 than during 1977 (20 during 1978; two during 1977).

Only six glaucous gulls were seen during 1978 along the transect seaward

of the Jones lIslands, and only four were seen there during 1977. Similarly,
a total of only 28 glaucous gulls were seen in 1978 during surveys of the
mainland tundra transect approximately 7 km inland from Simpson Lagoon;

27 were seen there during surveys in 1977 (a few glaucous gulls nest at
inland locations).

During 1977, the number of glaucous gulls recorded along shoreline
habitats of the study area did not exceed 27 birds (1.9 birds/km?; Tran-
sect 2; 5 July 1977) until 28 July. On this date a total of 98 glaucous
gulls (3.5 birds/km?) were recorded along the mainland shoreline (Table 43).

By 15 August 1977, the density of glaucous gulls along the barrier
islands had more than doubled since the previous survey (from 3.5 to
7.6/km2). The 112 glaucous gulls seen along the barrier islands on 15
August represented 88% of the total number recorded during the aerial sur-
vey on that date. The mid-lagoon portion of the study area was not
surveyed on 15 August, but along the mainland shoreline the number of
glaucous gulls had dec™lined from 7.6 to 1.1 birds/km? (from 98 to 14 birds
seen on-transect).

By 30 August 1977, the number of glaucous gulls observed in the study
area had increased most markedly along the barrier islands (Transect 2),
where a density of 25.5 birds/km? (377 gulls) was recorded. The number of
glaucous gulls seen on this transect represented 94% (377 of 399 gulls) of
the total number seen on-transect during this aerial survey. The estimated

total number of glaucous gulls present along the barrier islands on
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Table 43. Total numbers of glaucous gulls recorded in all habitats
during aerial surveys of five transects in the Jones
Islands-Simpson Lagoon area, 1977-78.

Transect #
Date l 2 3 4 5 Total

1977

5 June o (0)7 20 (0) 1@ 1@ 21 24(3)
20 June 0 (o) 2 (0) 0 Eo) 2 (0) 3 (0) 7 (0)
5 July o (0) 23 (0) 0 (0) 41D 1 (3 28 (4)
28/29 July* 1 (0) 52 (4) 0 (0) 98 (1) 2 (0) 153 (5)
15 August - () 112 (o) - (=) 14 @ 1@ 127 (D
30 August 1 (25) 377 (44) o () 18 (0) 3 (0) 399 (69)
22 September o (0) 2857 (52) 0 (0) 240 (5) 0 (0) 3097 (57)
1978
23 June 1 (0)* 34 (0) o (0) 1(0) o (0 36 (0)
5 July 2 (0) 23 (8) o (0) 1 (1) 0(6) 26 (15)
15 July 1 (0) 48 (18) 0 (1) 25 (0 0 B 74 (22)
25 July 0 f0) 61 (2) 6 (0) 67 (51) 0 (4) 144 (57)
5/6 August o (0) 1 (12) o (0) 2 (0) 0 (8) 3 (20}
15 August o (0) 13 (37) o (0) 5 (2) 1 (0) 19 (39)
25 August o (1) 0 (4) 1 (1) 2 (o) 1(1) 4 (7)
5 September o (0) 66 (121) o (0) 9 (B 1 76 (127)
15 September 1 (0) 93 (61) o (o) 1 (3 1 (o) 96 (64)
23 September o (0) 238 (16) 1 () 18 (9) 1 (0) 258 (25)

*Transects 1 and 3 were surveyed on 29 July 1977; Transects 2, 4 and 5
were surveyed on 28 July 1977.

“‘Parentheses enclose the number of glaucous qulls recorded ‘off-transect’
(>200 m from either side of the aircraft). Numbers to the left of the

parentheses are birds seen on-transect.
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1 September 1977 (451 birds; see Tabie 36), based on the surveys of bar-
rier island beach transects, was remarkably similar to the number recorded
on and off-transect during the 30 August 1977 aerial survey (421 birds,
see Table 43). The shoreline surveys indicated that most gulls were along
the seaward beaches of the islands.

The estimated total number of glaucous gulls present a‘“Tong the barrier
islands on 14 September 1977, during the final beach survey was 58 birds
(Table 38). This number represented a substantial decrease from numbers
observed and estimated for 30 August and 1 September 1977.

During the period 18-20 September 1977, the ponds and lakes onthe
mainland tundra of the North Slope froze over and no open water was avail-
able to gulls at inland locations. Consequently, the estimated and
observed numbers of glaucous gulls (and oldsquaws, see earlier discussion)
present in the study area were higher during the 22 September 1977 aerial
survey than on any other date during 1977 (or during the entire study).

In view of the low numbers of glaucous gulls present during the 14 September
beach survey (Table 38), this increase apparently occurred between 14 and

22 September. Of the 3097 glaucous gulls observed on 22 September 1977,
approximately 92% (2857 birds) were along the barrier islands (Transect 2;
Table 43). This number represents a density of 193.0 glaucous gulls/km2--
the highest density of this species recorded during the entire study. On
this date 240 glaucous gulls (13.5 birds/km?) were recorded along the main-
land shoreline.

In 1978, the number of glaucous gulls recorded on-transect in shore-
line habitats, along both barrier islands and the mainland shoreline,
increased to a peak of 128 birds (5.0 birds/km2) on 25 July. Thereafter
the number of glaucous gulls on-transect in all lagoon habitats did not
exceed 18 birds (0.46 birds/km?; 15 August 1978; Table 38) until the
5 September aerial survey when 66 birds (4.5 birds/km?) were recorded along
the barrier island transect (Table 43). Two days earlier (3 September) a
density of 5.4 glaucous gulls/km was recorded on shoreline transects south
of the barrier islands; this density extrapolated to an estimated total of
185 gulls present along the entire length of the lagoonside beaches of the
Jones Islands (Table 38). During 1978, the final shoreline surveys were

conducted on 3 September. However, during the last two aerial surveys, on
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15 and 23 September, the number of glaucous gulls present along lagoonside
beaches of the barrier islands increased to the highest levels recorded in
the study area during 1978; 93 birds (6.3 birds/km*) and 238 birds

(16.1 birds/ km?), respectively. This late-season increase of glaucous
gulls along the barrier islands, although of lower amplitude, follows the
same general trend in distribution and abundance observed during 1977
(Tables 36, 43 and 48). Very few glaucous gulls were recorded in areas
away from the Jones Islands during these last two aerial surveys (see
Table 43).

During the four aerial surveys conducted in barrier island-lagoon
habitats in 1979, over 4000 glaucous gulls were recorded. Over 3200 of
these gulls were seen along barrier island transects during the three-week
period 31 August to 23 September. The late-season increase of glaucous
gulls along the barrier islands occurred again in 1979, as it had during
1977 and 1978 (see Table 44).

The mean density of glaucous gulls present in the Simpson Lagoon study
area during 1978 and 1979 was not significantly different from the densi-
ties at locations east and west of the study area (Tables 45 and 46; for
1978, Friedman x’=4.5, n=10, k3, P>0.10; for 1979, Friedman X,2=0.00,
n=10, k=3, p=1.00).

No glaucous gulls were collected during 1978 or 1979; however, of the
27 collected in Simpson Lagoon during the 16 July to 19 September 1977
period, eight were adult males and one was a two-year old male. Eleven
female glaucous gulls, of which nine were adults, two were one-year-old

birds and five were juveniles, were also collected.

Discussion

As mentioned earlier, the term staging, as used in this report, refers
to any large and dense concentration of birds gathered during the spring
through fall period at a specific location or in a specific habitat for any
purpose other than nesting or molting. Staging may occur prior to, during
or after migration and may involve courtship, copulation and/or feeding.

After brood-rearing at tundra locations, juveniles of certain species
of shorebirds, such as red phalaropes, northern phalaropes, white-rumped

sandpipers and semipalmated sandpipers, leave the tundra and concentrate
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Table 44. Total numbers of glaucous gulls recorded in all habitats
during aerial surveys of five transects in the Jones
Islands-Simpson Lagoon area, 22 June to 23 September

1979.

Transect # 2-2 June 28/29 JJT)/—“V— 31 Aug..:l Sept. 23 Sept.

] 0 (0)* o (0) 1 (o) o (0)
2 6 (2) 4 (3) 304 (9) 1191 (104)

3 0 (o) 0 () o (0) o (4)

4 1 (0) 5 ) 21 (20) 6 (0)

5 INE)) o (D) 63 (1) 7 (0)
Total 7 (5) 9 (M 389 (30) 1204 (108)

*Parentheses enclose the number of gulls recorded “off-transect” (>200
from either side of the aircraft). Numbers to the left of parentheses
are birds seen on-transect.

Table 45. nNunvers of glaucous gulls recorded on- and off-transect along various sections of the
Beaufort Sea coast of northeastern Alaska, June to September 1978.

West of Simpson Lagoon* Simpson Lagoon East of Simpson Lagoonf
N 1 Gulls 4 Gulls # culls
a km* - - - = ¢ km ¢ - # km? -
Survey Date Surveyed on off Surveyed on off Surveyed on off
23 June 12,0 22 22 39.9 35 0 31.3 192 1
5 July 65.5 150 506 39.9 24 9 322.8 183 249
15 July 12.0 4 13 39.9 73 19 31.3 363 97
25 July 65.5 238 93 39.9 | 44 53 162.0 109 394
5 August 65.5 44 14 39.9 3 12 315.1 460 320
15 August 12.0 3 0 39.9 18 39 31.3 118 120
25 August 5.5 0 0 3.9 ] 5 126,9 217 120
5/6 Septemuer 65,5 272 4 %9, 9 [ 126 315. 1 722 406
15 Septemper 12,0 39 14 3.9 94 64 31.3 13 59
23 September 12.0 20 15 39.9 57 25 126,9 398 179
AL Date s 327.5 792 730 399.2 926 352 1393.9 2175 1945
Mean Densi ty 2.42 2.32 1.99
o lhls area included as, many ag gix transects (163.7 km x 0.4 = 65.5.kmi); it extended as far west as
Atigary PL. and fetiasd ey OF The T RiVEr it Ysee gure 2/&—85,

“This ares Included as many as 11 transects (787,8 km x 0.4 km = 315.1 km?); it extended as far east as
the Canada-U. S. border and as far north as the Midway Islands, north of Prudhoe Bay (see Figure 2C-G).
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Table 46. Numbers of glaucous gulls recorded on- and off-transect along various sections of the
Beaufort Sea coast of northeastern Alaska, June to September 1979.

Survey Date

22 June
28729 July

31 August

23 September

All Dates

Mean Density

West of Simpson Lagoon*

# km?®
Surveyed

65.5
65.5
65.5
65.5

262.0

Simpson Lagoon

East of Simpson Lagoon®

# Gulls
# km’

on off Surveyed
93 8 39.9
99 97 39.9
478 384 39.9
238 5 39.9
908 494 159.6
3.47

# Gulls
on off
7 2
9 6
975 29
1197 108
2188 145
13.7

# Gulls

# km?
Surveyed on off
93.8 53 169
222.3 478 162
13.9 298 64
31.3 81 75
361.3 910 470

2.52

*This area included as many as six transects (163.7 km x 0.4 km = 65.5 km®); it extended as far west as

Atigaru Pt. and included most of the Colville River delta (see Figure 2A-B).

“This area included as many as 11 transects (787.8 km x 0.4 km = 315.1 km?); it extended as far east as
the Canada-U.S. border and as far north as the Midway Islands, north of Prudhoe Bay (see Figure 2C-G).



(stage) along coastlines (Parmelee et al. 1967). In Simpson Lagoon,
juvenile phalaropes were the only shorebirds that gathered in sufficient
numbers (10%) to be considered a key species. The phalaropes have been
treated as a single group throughout much of this study, even though
differences in their biology no doubt occur.

The only other species of bird that was considered during this study
to be a key species is the glaucous gull. During late September thousands
of these birds congregated (staged) along the barrier islands to feed.

Phalaropes

In the Simpson Lagoon area, phalaropes did not use coastal areas as
spring staging sites as reported in the Point Barrow area by Connors and
Risebrough (1976, 1977, 1978). Phalaropes were not abundant in the
Simpson Lagoon-Jones Islands study area until August, when juvenile birds
left rearing areas on the mainland tundra and arrived along barrier island
shorelines to feed. In mid August, during the peak of their abundance in
the study area and coincident with peak abundance in the Point Barrow area
(Connors and Risebrough 1976, 1977, 1978), phalaropes were abundant along
all the shorelines in our study area.

Phalaropes are unique shorebirds in that while at sea or along the
coast they feed from the neuston (surface layer of water) while swimming.
In fact, a typical method of swimming while feeding (’spinning’, see
Palmer 1967:264) has been described by several investigators (Tinbergen
1935; Hohn 1971) as a means of moving invertebrate prey to the surface and
within easy reach.

Connors and Risebrough (1977, 1978) have shown that during some years
the presence of feeding juvenile phalaropes along particular beaches in
the Point Barrow area was related to wind direction and possibly to food
abundance; during other years, however, they found no such relationships.

During 1977 and 1978 we conducted our shorebird censuses so that we
could examine the effects of wind on phalarope distribution. During 1977
we censused all of our shorebird transects on relatively calm days (winds
<3 km/h from directions varying between 010° and 0900). During 1978, we
censused our shorebird transects on a systematic basis (approximately every

five days) with no regard to wind speed or direction.
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In 1977 and 1978, 10 barrier island transects (five oceanside and
five lagoonside) were censused for shorebirds on five and eight occasions,
respectively. Phalaropes were present on the transects during 3 of the 5
surveys in 1977, and during 7 of 8 surveys in 1978. During the three
surveys in 1977 the winds were relatively calm; during the seven surveys
in 1978, the average wind speed was 16.2 + 7.5 km/h (range=5.3 to 28.3 km/h)
and the wind directions were primarily from northern and northeastern
azimuths (range=320° to 089°; see Table 47).

During the four surveys in 1978 when wind speeds were greater than
average, only 23.3% of the phalaropes (mean density=9.4 + 17.0 birds/km)
recorded along the barrier islands were present on the oceanside (exposed
side) of the barrier islands; conversely, 76.7% (mean density=26.1+ 22.8
birds/km) were on the lee sides. During surveys when wind speeds were less
than average, almost two-thirds (65.9%) of the phalaropes (mean density
27.8 + 29.5 birds/km) were present along the oceanside beaches. This
percent is lower than the 85.7% recorded on the exposed beaches during the
three 1977 surveys, when winds were calm, but it is noteworthy that on
the calm days in 1977 and on days in 1978 when wind speeds were less than
average, well over half of all the feeding phalaropes were present along
the oceanside (seaward) beaches of the barrier islands where they fed
primarily on marine copepods, amphipods and other small marine invertebrates.
The” high densities of phalaropes along seaward beaches of the barrier is-
lands may be related to an abundance of food organisms there, but we
collected too few birds or invertebrate samples in those habitats to test
this hypothesis (see Fig. 23).

The less specific analysis of the distribution of all shorebirds (in-
cluding phalaropes) along the three beach types in the study area also

indicated a significant preference for oceanside beaches, regardless of
wind speed or direction. It is unclear whether wind and waves concentrate

invertebrates along windward beaches, where birds may more easily pick them
from the clear marine water or from the shoreline substrates; or whether
specific prey items simply are more abundant in marine than in lagoon
waters, and shorebirds concentrate along barrier island shorelines because

of an abundance of food organisms there.
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Figure 23. Relationship between wind direction and speed (N component
of wind) and the position of feeding phalaropes near the
Jones Islands, Alaska, during 1977 and 1978. N component
of wind = (wind speed) cos (wind direction). O= 1977
data derived from Table 36 and @ = 1978 data derived from
Table 47.
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Table 47. Distribution of phalaropes in relation to wind speed and direction on Barrier Island
beaches, 4 August to 3 September 1978.

Barrier Island Barrier Island
Oceanside Beach Lagoonside Beach
# of Phalaropes # of Phalaropes Wind
Density Density Speed Direction
Date (birds/km) % (birds/km) % (km/hr) O
4 August 7.0 81.4 1.6 . 18.6 12.4 320
9 August 2.0 40.0 3.0 60.0 28.3 070
14 August 0.2 0.4 53.8 99.6 17.7 050
19 August 34.8 49.9 35.0 50.1 17.7 089
24 August 14.8 38.3 23.8 61.7 10.6 050
29 August 61.6 78.0 17.4 22.0 5.3 010
1 September 0.4 3.1 12.6 96.9 21.3 060
17.3 + 23.1* 41.6 = 32.1 21.0 £ 18.6 58.4 + 32.1 16.2 + 7.5

*Mean + standard deviation.



Glaucous Guill

Early during the summers of 1977 and 1978, before the ice had moved
out of Simpson Lagoon and away from the seaward shoreline of the barrier
islands, small numbers of glaucous gulls were present in the study area;
those seen at this time were mainly in exposed gravel areas along the
barrier islands. During the first surveys conducted after the ice moved
out of Simpson Lagoon (28 July 1977 and 15 July 1978) the largest propor-
tions (approximately 97.5% and 94.8%, respectively) of the total number
of glaucous gulls (158 and 96 birds) recorded in the study area were seen
along the barrier islands and mainland shorelines (Transects 2 and 4;
Table 43). During early spring in the Beaufort Sea, anadromous fish
species such as cisco, whitefish and arctic char leave their wintering
areas in freshwater streams and rivers and, as soon as a sufficient amount
of water is available, begin a migration along the coast (Craig and McCart
1976; Craig and Haldorson, Ecology of Fish, this volume). The presence
of glaucous gulls along the mainland and barrier island shorelines during
the period just after lagoon breakup (breakup was complete on 11 July
1977 and 6 July 1978) may be related to the presence of migrating fish in
this area. Fish appeared in the diet of glaucous gulls sporadically
throughout 1977 (the only season when glaucous gull stomachs were sampled)
but the largest quantity recorded in an individual gull stomach was
from a bird collected at a barrier island location relatively early in
the season (16 July 1977).

The consistent presence and build-up of glaucous gulls along the
beaches of the barrier islands throughout the open-water season is probably
related to the extensive feeding habitat available there. The importance
of barrier island habitats to glaucous gulls is significant--of the total
6694 birds recorded on- and off-transect in Simpson Lagoon and along the
Jones Islands during the three summers of aerial surveys, approximately
907 (6022) were recorded on or adjacent to the single barrier island
transect (Transect 2).

Ingolfsson (1967) showed that in Iceland, the glaucous gull is more
closely associated with intertidal or shoreline habitats than were four
other species of large arctic gulls. Barrier islands provide both seaward
and lagoonward shoreline feeding habitats. Furthermore, the presence of
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marine and lagoon habitats in close proximity along the barrier islands
provides a quantity and diversity of food organisms not present along
the mainland shorelines (see Griffiths and Craig 1978, Appendix Table

r).

Arctic Tern and Sabine's Gull

In general, arctic terns have left the Beaufort Sea area by early
September (Johnson et al. 1975). During their fall migration in 1977,
adult and juvenile arctic terns, with smaller numbers of adult and juve-
nile Sabine's gulls, were observed concentrated at specific locations in
Simpson Lagoon during the third week in August. These concentrations in
1977 occurred approximately two weeks later than concentrations farther
west on the Plover Islands, during 1976. These several thousand arctic
terns were present from the first week of August to early September
(Divoky 1978a:490). Connors and Risebrough (1977) also found that arctic
terns and Sabine's gulls were abundant in the Point Barrow area during
the second week of August 1976, and several other workers have mentioned
the abundance of Sabine's gulls at Point Barrow in late summer (see
“MIGRATION” section).

Presumably these species rely at least partly upon pre-migration
feeding to accumulate fat reserves used during their long southward
migrations; locations along the barrier islands where gulls and terns

concentrate to feed may, therefore, be important to these species.
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FEEDING ECOLOGY
Results

Oldsquaw

As mentioned in the methods, oldsquaws were collected differently in
1977 and 1978. Although we collected birds systematically during 1977,
we did so relatively indiscriminantly, with only brief attention given to
whether birds or flocks appeared to be feeding (about 3-5 min of observa-
tion prior to each collection). During 1978, approximately half of our
sample of oldsquaw collections (25 of 45 collections, 81 of 108 birds)
were of birds or flocks that were observed for a longer period of time
than in 1977 (about 10-30 rein) and that were determined to be feeding. Of
the 81 feeding birds that we collected in 1978, 80% had identifiable food
in their guts. Of the 27 birds that were indiscriminantly shot (no prior
observations of behavior conducted) only 26% had some identifiable food
in their guts.

During 1977, 64% (58 birds) of the total oldsquaws collected had
identifiable food in their guts; that proportion was similar to the over-
all vaie for the 1978 collections (67%). It is apparent, then, that
optimum use of oldsquaw specimens is dependent on at least some observa-
tion of the birds prior to collection in order to ensure that a reasonable
proportion has been feeding and will be useful in prey analyses.

Although we earlier presented the results of oldsquaw feeding ecology
studies on a seasonal basis (see Johnson 1978; early, mid and late season
diets of oldsquaws), the results of subsequent analyses (Cluster Analyses,
Clifford and Stephenson, 1975:134) of the data indicated no justification
for such a categorization. Therefore we have presented all subsequent
results (Johnson 1979a and this report) on the basis of their total season
diets.

Of the 91 oldsquaws collected as part of the feeding ecology investi-
gations during 1977, 15 had empty stomachs and 18 had only unidentifiable
material present in their stomachs. Four birds were accidentally captured
in gill nets and may have regurgitated some food while drowning; these

birds were omitted from the stomach analyses. The average diet of the
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remaining 54 birds included, on a percent estimated volume basis, 58.7%
mysids and 14.2% amphipods (Table 48). The remaining portions of the
diet of oldsquaws during 1977 consisted primarily of bivalves (8.1%),
isopods (2.3%), small fishes (2.3%), and a relatively large proportion of
unidentifiable material (14.2%) (Table 48).

The results of the oldsquaw feeding ecology studies conducted in
Simpson Lagoon during 1978 were similar to 1977 results (Morisita Simi-
larity Index; C=0.74; Horn 1966). Of the 108 oldsquaws collected during
1978, 34 had empty stomachs and two had only unidentifiable material
present in their stomachs. The average diet of the remaining 72 birds
included, on a percent estimated volume basis, 68.5% mysids and 15.5%
amphipods (Table 48). The remaining portions of the oldsquaw diet during
1978 consisted primarily of bivalves (12.1%). Unlike the 1977 oldsquaw
diet, the proportion of the 1978 diet that was comprised of unidentifiable
material (1.5%) was small (Table 48).

Griffiths and Dill inger (Ecology of Invertebrates, this volume) dis-
cuss the limitations and biases associated with conventional equipment
and procedures used in sampling marine zooplankton and epibenthic animals.
Epibenthic invertebrates of the types important to oldsquaws are especially
diffi