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PREFACE

The restricted objectives of the Beaufort Environmental Monitoring Project
should be -enmphasized. The intent of the project 1is not to provide
recommendations for a definitive research program which would address all the
fundamental knowledge gaps that exist in the Beaufort region. The cost of
acquiring these data would be very high and may still fail to address the issues
that finally emerge as those of regulatory and public concern. The objective
of BEMP is to identify and recommend those research and monitoring activities
that are necessary for the responsible management of a phased development of
Beaufort Sea hydrocarbons, through the administration of relevant legislation
administered by INAC. The specific focus and objectives of BEMP should not
detract from an overall recognition of our fundamental knowledge gaps in the
Beaufort. Encouragement and support should be given to those agencies with
responsibilities to conduct research programs which reflect their particular
mandate in this region.

-

David P. Stone
Northern Environmental Protection Branch
Indian and Northern Affairs Canada
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RESUME

Le projet de surveillance environnementale de la mer de Beaufort (PSEB)
a eté entrepris en 1983 par le minist®re des Affaires indiennes et du Nord
canadien et par le ministeére de l'Environnement. Ce projet doit permettre
d'obtenir les donn€es techniques de base nécessaires pour concevoir, exécuter
et €valuer un programme de recherche et de surveillance environnementales qui
soit a la fois complet et justifiable. Ce programme mis en oeuvre parall@&lement
a 1'exploitation graduelle des hydrocarbures dans la mer de Beaufort termine sa
cinquiéme année. Ce rapport fait &tat des activit@s de recherche entreprises
durant cette année et renferme des recommandation quant aux €tudes
environnementales qui pourraient &tre entreprises a 1'avenir.

vi



INTRODUCTION

The Beaufort Environmental Monitoring Project (BEMP) was initiated
in 1983 by Indian and Northern Affairs Canada and Environment Canada. It is to
provide the technical basis for design, operation and evaluation of a
conprehensive and defensible environmental research and monitoring program to
accompany hydrocarbon development in the Beaufort Sea, relative to the regulatory
responsibilities of INAC and Environment Canada. BEMP was considered necessary
because of: (1) environmental concerns regarding this development; (2) general
uncertainties associated with Environmental Impact Assessment; and (3) the need
for a research and monitoring plan that is fully integrated with activities
associated with phased development within the region.

During the first two years of BEMP (1983-84 and 1984-85), the project
involved interdisciplinary workshops where participants discussed all the impact
hypotheses formulated in the initial year of the project (INAC and Environment
Canada 1983, 1984). The last two years focussed primarily on evaluating impact
hypotheses related to the effects of hydrocarbon development on bowhead whales
and use of oil-base drilling muds in the Beaufort Sea. It was considered
important to review these Qypotheses because there were still concerns regarding
the effects of industrial facilities and activities on the western Arctic
population of bowhead whales and the possible environmental implications of the
recent use of oil-based drilling mud formulations in Beaufort operations.
Decreased emphasis on the remaining hypotheses was due to lesser concerns
regarding other potential effects of development given the reduced level of
industrial activity in the region in the past 3 years. Nevertheless, ongoing
and new research relevant to all BEMP hypotheses continued to be reviewed as part
of the project to ensure that it remains both adaptive and iterative. In
addition, research of general interest was also reviewed to ensure that the
project 1s capable of responding to changes in the hydrocarbon development
scenario for the region that may require new impact hypotheses to be formulated.

1987-1988 represents the fifth year of BEMP. The project involved
reviewing the results of recent and ongoing studies as they have in past years
to maintain continuity, and providing recommendations related to the future
direction of the project. Evaluation of impact hypotheses through workshops was
not considered essential because of the limited amount of new research relevant
to the hypotheses initiated in the last year. The primary activities during
1987-1988 were: (1) a review of relevant studies initiated or completed since
the last BEMP workshops in March 1987; (2) preparation of project overviews
describing the purpose of these investigations and their relationship to existing
BEMP hypotheses; and (3) evaluation of the overall status of knowledge regarding
each hypothesis.



RESUME

Le projet de surveillance environnementale de la mer de Beaufort (PSEB)
a eté entrepris en 1983 par le ministdre des Affaires indiennes et du Nord
canadien et par le ministére de 1'Environnement. Ce projet doit permettre
d'obtenir les données techniques de base nécessaires pour concevoir, ex&cuter
et @valuer un programme de recherche et de surveillance environnementales qui
soit a la fois complet et justifiable. Ce programme mis en oeuvre parall@lement
a 1'exploitation graduelle des hydrocarbures dans la mer de Beaufort termine sa
cinquiéme année. Ce rapport fait &tat des activit&s de recherche entreprises
durant cette année et renferme des recommandation quant aux Etudes
environnementales qui pourraient &tre entreprises a 1'avenir.

vi



INTRODUCTION

The Beaufort Environmental Monitoring Project (BEMP) was initiated
in 1983 by Indian and Northern Affairs Canada and Environment Canada. It is to
provide the technical basis for design, operation and evaluation of a
comprehensive and defensible environmental research and monitoring program to
accompany hydrocarbon development in the Beaufort Sea, relative to the regulatory
responsibilities of INAC and Environment Canada. BEMP was considered necessary
because of: (1) environmental concerns regarding this development; (2) general
uncertainties associated with Environmental Impact Assessment; and (3) the need
for a research and monitoring plan that is fully integrated with activities
associated with phased development within the region.

During the first two years of BEMP (1983-84 and 1984-85), the project
involved interdisciplinary workshops where participants discussed all the impact
hypotheses formulated in the initial year of the project (INAC and Environment
Canada 1983, 1984). The last two years focussed primarily on evaluating impact
hypotheses related to the effects of hydrocarbon development on bowhead whales
and use of oil-base drilling muds in the Beaufort Sea. It was considered
important to review these hypotheses because there were still concerns regarding
the effects of industrial facilities and activities on the western Arctic
population of bowhead whales and the possible environmental implications of the
recent use of oil-based drilling mud formulations in Beaufort operations.
Decreased enphasis on the remaining hypotheses was due to lesser concerns
regarding other potential effects of development given the reduced level of
industrial activity in the region in the past 3 years. Nevertheless, ongoing
and new research relevant to all BEMP hypotheses continued to be reviewed as part
of the project to ensure that it remains both adaptive and iterative. In
addition, research of general interest was also reviewed to ensure that the
project is capable of responding to changes in the hydrocarbon development
scenario for the region that may require new impact hypotheses to be formulated.

1987-1988 represents the fifth year of BEMP. The project involved
reviewing the results of recent and ongoing studies as they have in past years
to maintain continuity, and providing recommendations related to the future
direction of the project. Evaluation of impact hypotheses through workshops was
not considered essential because of the limited amount of new research relevant
to the hypotheses initiated in the last year. The primary activities during
1987-1988 were: (1) a review of relevant studies initiated or completed since
the last BEMP workshops in March 1987; (2) preparation of project overviews
describing the purpose of these investigations and their relationship to existing
BEMP hypotheses; and (3) evaluation of the overall status of knowledge regarding
each hypothesis.



BEMP IMPACT HYPOTHESIS NO. 1

HYPOTHESIS NO. 1
Ship traffic, seismic exploration and active offshore structures

Wwill cause a reduction in the Western Arctic population of bowhead
whales.

FIGURE 1-1

POTENTIAL EFFECTS OF SHIP TRAFFIC, SEISMIC
EXPLORATION AND ACTIVE OFFSHORE STRUCTURES
ON BOWHEAD WHALES
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BEMP IMPACT HYPOTHESIS NO. 1

LINKAGES

la.

*

The cumulative effect of all offshore industry activities will be to
create a large-scale zone of bowhead whale exclusion encompassing the
eantire industry zone.*

Each active offshore island or platform will exclude bowheads from a zone
around the island/platform.

Ship traffic will exclude bowheads from a zonme around the ship track.

Each passage of a ship will reduce the feeding time available to bow—
heads.

Each passage of a ship will increase the energy expenditure of whales due
to avoidance behavior.

The available aquatic habitat determines the level of available food.

The amount of available food and the time available for feeding determine
the energy intake.

Energy intake and expenditures determine the energy balance of a bowhead
whale.

The energy balance of a bowhead whale determines its survival and its
ability to reproduce.

This hypothesis link was added to more clearly represent the emphasis on
the possible cumulative impact of hydrocarbon development on bowhead whales.



BEMP IMPACT HYPOTHESIS NO. 1

STATUS OF KNOWLEDGE REGARDING HYPOTHESIS NO. 1

Hypothesis No. 1 was re-evaluated during the 1986 workshop. The majority
of the participants concluded that either the effect was possible but too
difficult to detect, or the hypothesis was not testable. Notwithstanding this
conclusion, several participants believed that there was a need to continue
research on some critical links in the hypothesis. The discussion of research
needs focussed on examination of the distribution of adequate bowhead feeding
habitats within and outside the industry zone, particularly determination of the
rates of use of zooplankton patches inside and outside this zone. The need for
pre-established "stopping rules" and benefit-cost analysis prior to initiastion
of this research were also supported by many of the participants. Ancther
recommendation of the group was refinement of hydroacoustic techniques to allow
distinction of physical and biological targets.

Since the 1986 workshop, the bowhead whale food availability study (Project
Overview 1-1) has been completed. Results of this studv tend to add to the
"weight of evidence" that the interannual variability in the distribution of
bowhead whales in the southeastern Beaufort Sea is caused by responses to
fluctuations in the distribution and abundance of food rather than behavicural
responses to industrial activity.

REVIEW OF RECENT AND ONGOING RESEARCH PROJECTS

BEMP PROJECT OVERVTEW HNO. 1-1

TITLE: Bowhead Whale Foond Availability
Characteristics in the Southern Beaufort Sea:
1985 and 1986

PRINCIPAL INVESTIGATOR: M. Bradstreet, D.H. Thonson and D.B. Fissel
AFFILIATION: LGL Limited, King City, Ontario

FUNDING SOURCE: INAC, NOGAP

EXPECTED COMPLETION DATE: Complete

RELEVANT BEMP HYPOTHESIS NO.: 1

BRIEF PROJECT DESCRIPTION

The primary objective of this study was to gain a better understanding of
the importance of nearshore and adjacent marine waters between Cape Dalhougis
and Herschel Tsland in the annual energy budget of the bowhead whéle, Tt was
designed to supplement the results of the 193¢ study, "Food availability
characteristics of the offshore Yukon roast to the bowhead whals" {(discussed in
INAC and Environment Canada 1986) by:

(15N



BEMP IMPACT HYPOTHESIS NO. 1

1. enlarging the sampling area to include the whole of the industrial zone
and regions east of the industrial zone;

2. resanpling the Yukon offshore area to allow inter-annual comparison of
zooplankton densities; and

3. improving and expanding the use of hydroacoustic measurements to better
estimate the total biomass and distribution of zooplankton available to
bowhead whales in the southeast Beaufort Sea.

The study area in 1986 comprised the southern Beaufort Sea east of the
Alaska-Yukon border including the Yukon offshore, an area approximately north
of the Mackenzie Delta, and an area off the western Tuktoyaktuk Peninsula. The
seaward boundary extended to about the 100 m depth contour. Field work was
conducted from the 68-m icebreaker class II supply vessel Arctic Ivik during the
period from 27 August to 08 September 1986. The following tasks were undertaken:

1. Sampling of zooplanktdn to determine their distribution, patchiness and
total biomass using various net tows, a 200 kHz narrow-beam echo sounder,
and sampling of the epibenthos;

2. A physical oceanographic characterization of the study area including
temperature, salinity and turbidity profiles, infrared satellite sea-
surface imagery and meteorological measurements; and

3. Analysis of the zooplankton prey found to be available to the bowheads
including determinations of calorimetry, and lipid fractions.

In both years of the study, it was discovered that the distribution of
zooplankton abundance in the southeast Beaufort Sea was related to the location
of the Mackenzie River plume. Biomass was lowest in areas within the plume.
In both 1985 and 1986, bowheads were observed feeding at 1locations where
zooplankton biomass was high. Net samples in the vicinity of feeding whales
revealed zooplankton concentrations in excess of 1 g/m3, reaching maximum site-
gpecific values of 2.3 g/m3 (1985) and 1.5 g/m8 (1986). It is suggested that
the occurrence of concentrations of zooplankton in dense subsurface layers is
more important to feeding bowheads than overall zooplankton abundance. In 1986,
the distribution of bowheads was consistent with the hypothesis that whales tend
to avoid areas within the Mackenzie plume, where zooplankton abundance is low.
Technical difficulties prevented the collection of data on the relative
occurrence of concentrated zooplankton patches in plume vs. non plume areas.

In 1985 and 1986, as well as other past years, many bowheads were observed
feeding in nearshore waters off the Yukon coast. The copepod Limnocalanus
macrurus was found to be the dominant species of zooplankton present, and may
be very important to the feeding ecology of bowheads in the region. Most whales
observed along the Yukon coast are subadults, and may feed in the area for
several weeks. It is estimatad that over a six-week period, they may consume
about 26% of their annual energetic requirements.

5



BEMP IMPACT HYPOTHESIS NO. 1

RELATIONSHIP AND RELEVANCE TO THE
BEAUFORT ENVIRONMENTAL MONITORING PROJECT

This project provides information that is particularly relevant to Links
5, 6, 7, and 8 of Hypothesis No. 1, which relate to the apparent role of the
southeast Beaufort Sea as an important feeding ground for bowheads during the
months of RAugust and September. Results of the study add to the "weight of
evidence" regarding the validity of the two hypotheses that have been proposed
to account for the interannual variability in distribution patterns of bowheads
in the southeastern Beaufort Sea during 1980-1986. These are that: (1) whales
may be avoiding the industrial zone as a behavioural response to industrial
activity, and (2) they are responding to fluctuations in the distribution and
abundance of food.

BEMP PROJECT OVERVIEW NO. 1-2

TITLE: Importance of the Eastern Alaskan Beaufort
Sea to Feeding Bowheads

PRINCIPAL INVESTIGATOR: W. John Richardson

AFFILIATION: LGL Limited, King City, Ontario

FUNDING SOURCE: U.S. Minerals Management Service

EXPECTED COMPLETION DATE: Conmplete

RELEVANT BEMP HYPOTHESIS NO.: 1 and 21

BRIEF PROJECT DESCRIPTION

Most individuals of the western Arctic population of bowhead whales spend
the period from May or June to September or October in the Beaufort Sea. During
this period, they are believed to consume most of the food required for the
entire year. Bowheads, like other baleen whales, are expected to consume little
food in summer, although some winter feeding in the Bering Sea has been suggested
by other researchers (Don Schell, University of alaska). Nevertheless, the
Beaufort Sea is clearly of critical importance in the annual energy budget of
the majority of the Western Arctic population of bowhead whales.

The general purpose of this two-year project was to quantify the proportion
of the energy requirements of the Western Arctic bowhead whale stock that is
provided by food resources located in the eastern Alaskan Beaufort Sea from
longitude 144°W east to the eastern edge of the zone whose jurisdiction is in
dispute between the U.S.A. and Canada. The study area extended from the coast
of northeastern Alaska north to latitude 71°30'N.
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The specific objectives of the study were to:

1 determine the concentration and distribution of the planktonic food.of
bowhead whales in the eastern Alaskan Beaufort Sea and correlate these with
known oceanographic features;

2 estimate the number of bowhead whales utilizing the eastern Alaskan
Beaufort Sea as a feeding area during the summer and fall, and to observe
and document their feeding activities, behaviour and residence times; and

3. estimate the degree of utilization of available food resources in the
eastern Alaskan Beaufort Sea by the Western Arctic bowhead whale stock.

Field work for this project was conducted during September and early
October of 1985-86. Water masses in the study area were studied by boat-based
sampling and by airborne and satellite remote sensing. Zooplankton composition,
biomass, distribution, patchiness, and energy content were documented by boat-
based net and hydroacoustic sampling. Maximum zooplankton biomass was generally
in one or more thin layers in the 8-40 m depth zone. Biomass was usually low
in near-surface waters and decreased with increasing distance from shore.
Zooplankton biomass was dominated by copepods. The highest biomasses of
zooplankton, mainly the small copepod Limnocalanus macrurus, were found near
bowheads feeding in nearshore waters in early September, 1986.

Aerial surveys were used to determine the distribution, numbers and
activities of bowhead whales. Sizes of whales and the recurrence of identifiable
individuals in feeding areas were documented with aerial photogrammetry. 1In
addition, five bowheads were radio-tagged in 1986. Fewer whales were sighted
in the study area in 1985 than in 1986, which was considered a more typical year.
Prior to the onset of the westward migration, many subadult bowheads fed along
the Yukon shore, but relatively few were present to the west within the study
area. By mid September in both years, both adult and large subadult whales fed
in the middle-shelf portion of the study area.

The study concluded that the western Arctic bowhead population acquired
a low percentage of its total annual food and energy needs within the study area
- probably <1% in 1985 and about 1.4% in 1986. Although some feeding is done
by most whales that migrate through the eastern Alaskan Beaufort Sea, few remain
there long enough to acquire a significant amount of food.

RELATIONSHIP AND RELEVANCE TO THE
BEAUFORT ENVIRONMENTAL MONITORING PROJECT

This project is of considerable importance to Hypothesis No. 1, primarily
through its relevance to Links 5-8. The study provides information which lends

support to the hypotheses that the distribution of bowhead whales is controlled

7
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by oceanographic factors that influence the distribption of their food. The
research is also relevant to Links 1-3 in Hypothesis No. 21 in terms of the
energy intake and balance of bowhead whales.

BEMP PROJECT OVERVIEW NO. 1-3

TITLE: Prediction of Drilling Site-specific
Interaction of Industrial Acoustic Stimuli
and Endangered Whales in the Alaskan Beaufort

Sea.
PRINCIPAL INVESTIGATORS: P.R. Miles, C.I. Malme, W.J. Richardson
AFFILIATION: BBN Laboratories Inc., Cambridge, MA; LGL
Limited, King City, Ontario
FUNDING SOURCE: U.S. Minerals Management Service
EXPECTED COMPLETION DATE: Complete
RELEVANT BEMP HYPOTHESIS NO.: 1 and 21

BRIEF PROJECT DESCRIPTION

The overall purposes of this study were to describe the underwater
acoustic environment and sound propagation characteristics of offshore oil
drilling sites in the Alaskan Beaufort Sea and, using this information, to
predict the ranges at which the behaviour of bowhead and gray whales is likely
to be influenced by industrial noise emanating from these sites. The specific
objectives of the study were to:

1. measure the acoustic environment prior to the onset of industrial
operations;
2. measure underwater sound propagation loss (transmission loss) in the area

of existing and planned offshore industry sites;
3. monitor and record sounds associated with offshore drilling sites; and

4. synthesize results of the above with data and/or models of bowhead and gray
whale responses to underwater sounds.

The 1985 and 1986 field programs obtained acoustic measurements at six
selectgd offshore sites, including the natural ambient noise characteristics,
acoustic signatures of noise associated with drillsite activities, sound speed
profilgs, and acoustic transmission loss characteristics at various ranges from
egch site. It was found that sound attenuates less rapidly with increasing
distance in the Beaufort Sea than in many other areas. Two acoustic criteria
were used to relate industrial noise levels to whale behavioural response. These
were (1) predicted signal-to-noise ratio (S:N) in the 1/3-octave band of highest

8
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S:N, and (2) absolute received sound pressure level in either that same 1/3-
octave band or in the overall effective bandwidth of the signal. Both were used
in developing behavioural response predictions since it is not known whether
S:N or absolute noise level is more important in eliciting responses by whales.

It was expected that roughly half of the bowheads would respond to
underwater noise when the $:N (industrial noise to ambient noise ratio) is 30
dB. At the sites investigated, this S:N condition is expected to occur at 1.6
to 12 km from two tugs holding a barge against a gravel island, 1 to 4 kn from
a drillship drilling, and 0.02 to 0.2 km from drilling on an artificial island.
Similar zones of responsiveness were predicted using the absolute level
criterion,

The actual zone of audibility of industrial noise, within which the
industrial noise level is equal or exceeds the ambient level (S:N = 0 dB), is
much larger than the zones of responsiveness. Zones of audibility are predicted
to vary from 21 km to >50 km, depending on the site, under median ambient
conditions. Behavioural changes in the outer portions of the zones of audibility
are expected to be very subtle.

The study also considered the potential effects of industrial noises that
are intermittent or fluctuate in level over time. Examples of these noise
sources are icebreakers working on ice at drillsites, dredge operations and
short-term operations of a tug towing a loaded barge. Although no specific data
on responses of whales to this type of source were available, it was assumed (1)
that whales respond similarly to man by reacting to an average of the fluctuating
acoustic energy over a finite period of time, and (2) that whales respond to the
highest short fterm signal level in the same way as they do to continuous noise.
Of the intermittent sound sources considered, peak levels of noise radiated by
a working icebreaker are the most intense. For that source, the zones of
responsiveness vary from 4.6 to 12 km for the first assumption and from 19 to
34 km based on the second assumption.

RELATIONSHIP AND RELEVANCE TO THE
BEAUFORT ENVIRONMENTAL MONITORING PROJECT

This project is of direct relevance to Hypothesis No. 1, which states
that "Ship traffic, seismic exploration and active offshore structures will cause
a reduction in the western Arctic population of bowhead whales", as well as the
nevw hypothesis concerning the proposal to transport early Beaufort production
to the west by shuttls tanker during the open-water season (Hypothesis No. 21).
The study specifically addresses Link 1 of Hypothesis No. 1, which suggests that
"each active offshore island or platform will exclude bowheads from a zone around
the island-platform", as well as Links 2, 3 and 4. Although the acoustic data
resulting from the study are restricted to sites in Alaska, they will be useful
in predicting zones of influence of iundustry activity in the Canadian Beaufort
where similar acoustic conditions may be expected.
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BEMP PROJECT OVERVIEW NO. 1-4

TITLE: Responses of Bowhead Whales to an Offshore
Drilling Operation in the Alaskan Beaufort
Sea, Autumn 1986.

PRINCIPAL INVESTIGATORS: R.A. Davis and C.R. Greene

AFFILIATION: LGL Limited, King City, Ontario; Greeneridge
Sciences Inc., Santa Barbara, CA

FUNDING SOURCE: Shell Western E and P Inc.

EXPECTED COMPLETION DATE: Complete

RELEVANT BEMP HYPOTHESIS NO.: 1 and 21

BRIEF PROJECT DESCRIPTION

The purpose of this study was to determine the reaction of bowhead whales
to the presence of an offshore drilling operation in their fall migration path
in the Alaskan Beaufort Sea. The basic approach of the study was to use aerial
observation and underwater acoustic monitoring to document the behavioural
responses of bowheads to varying noise levels as the whales approached drilling
operations at the Corona and Hammerhead drillsites during autumn, 1986. These
observations were compared to behavioural data from undisturbed bowheads outside
the potential range of influence of the drilling operation.

Systematic aerial surveys were undertaken to determine the location of
migrating whales in relation to the drilling operation. When whales were found
in the study area, behavioural responses such as duration of surfacing and dives,
respiration (blow) intervals, and number of blows per surfacing were recorded
and aerial photographs were taken to determine their lengths and, in some cases,
their individual identities as revealed by pigmentation patterns and scars.
Sonobuoy hydrophones were also deployed to monitor underwater noise spectra and
levels in the vicinity of the whales.

In addition to aerial observations, hydrophone arrays were established near
the Corona and Hammerhead drillsites to measure temporal variations in
frequencies and received levels of industrial and natural ambient noise. These
arrays were also used to detect and localize bowheads by monitoring their
underwater calls.

The most important finding of this study was that migrating bowheads
appeared to avoid the offshore drilling operation. No whales were located closer
than 9.5 km from the drillship, and few bowheads were sighted closer than 15 km.
However, significant numbers of whales were observed %to pass to the south
(inshore) and north (offshore) of the drillsite. Bowheads found 15-30 km from
the drillship were observed on several occasions, but few exhibited noticeakle
behavioural responses. Apparently, the whales were avoiding closer approach to
the drilling operation where stronger behavioural reactions might be expected.

10
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Bowheads were observed to take evasive actions when approached by ships,
as has been documented previously in the Canadian Beaufort Sea. Response levels
were typical of these earlier observations. Reactions to operating seismic ships
appeared to depend on range and direction of movement of the ship. Whales were
seen to respond strongly to one seismic ship at longer ranges (24-22 km) than
previously observed.

RELATIONSHIP AND RELEVANCE TO THE
BEAUFORT ENVIRONMENTAL MONITORING PROJECT

This study is directly relevant to Hypothesis No. 1, which states that
"Ship traffic, seismic exploration and active offshore structures will cause a
reduction in the western Arctic population of bowhead whales". Results lend
support to Link 1 of this hypothesis that there is a zone around active offshore
drill rigs that bowheads tend to avoid. This study also provides information
relevant to Link 6 of Hypothesis No. 21, which states that "tanker traffic will
cause a long-term offshore displacement of the fall migration of bowheads off
Alaska". Despite the observation that whales avoided the drillsite, this
avoidance did not appear to act as a barrier to their fall migration. Bowheads
passed to the north and south of the drillship, and this had no apparent effect
on the timing of the migration. The pressnce of the drilling operation also had
no apparent adverse impact on the Alaskan Eskimo bowhead hunt, as the fall hunt
in 1986 was the most successful in recent years.

BEMP PROJECT OVERVIEW NO. 1-5

TITLE: Aerial Surveys of Endangered Whales in the
Beaufort Sea: Fall 1987

PRINCIPAL INVESTIGATOR: Stephen B. Treacy

AFFILIATION: U.S. Minerals Management Service

FUNDING SOURCE: U.S. Minerals Management Service

EXPECTED COMPLETION DATE: Late 1988

RELEVANT BEMP HYPOTHESIS NWNO.: 1 and 21

BRIEF PROJECT DESCRIPTION

The purpose of this study was to document the relative abundance,
distribution and migration timing of bowhead whales in the Alaskan Beaufort Sea
during the late summer and fall of 1987. The location of the study and its
nethodology were similar to those in previous years. Results of the study were
not available for inclusion in this review.

11
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RELATIONSHIP AND RELEVANCE TO THE
BEAUFORT ENVIRONMENTAL MONITORING PROJECT

This study provides information on the occurrence and activities of
bowheads in Alaskan waters that is relevant to Hypothesis No. 1. Data on the
extent of feeding activity during the late summer in Alaska and the timing of
fall migration will lead to a better understanding of the factors influencing
the distribution of bowheads throughout the Beaufort Sea.

BEMP PROJECT OVERVIEW NO. 1-6

TITLE: Characteristics of o0il industry dredge and
drilling sounds in the Beaufort Sea

PRINCIPAL INVESTIGATOR: C.R. Greene

AFFILIATION: Greeneridge Sciences Inc., Santa Barbara,
CA

FUNDING SOURCE: U.S. Minerals Management Service

EXPECTED COMPLETION DATE: Complete

RELEVANT BEMP HYPOTHESIS NO.: 1 and 21

BRTEF PROJECT DESCRIPTION

This study summarizes research on the acoustic properties of oil industry
dredge and drilling sounds conducted in the Canadian Beaufort Sea during August,
1980-84. The data on which this study is based can be found in various
unpublished reports prepared by LGL Limited and Greeneridge Sciences Inc. for
the U.S. Minerals Management Service, and have been discussed in previous BEMP
workshops. The following is the abstract of the study report (Greene, C.R. Jr.
1987. Characteristics of 0il industry dredge and drilling sounds in the Beaufort
Sea. J. Acoust. Soc. Am. 82(4):1315-1324):

As part of a general study of underwater industrial noises and their
effects on bowhead whales, sounds from drilling and dredging operations were
measured in the shallow waters (<50 m) of the Canadian Beaufort Sea during August
of each year from 1980-1984. The measurements were made from a vertical string
of hydrophones at depths of 3, 9, and 18 n suspended from a sparbuoy. Sound
sources included drillships logging and drilling, drilling at a caisson-retained
island, transfer dredges, and hopper dredges. Results are presented in spectrun
graphs, as sound pressure levels in their-octave and octave bands, and as overall
levels in the 20- to 1000-Hz band. Most energy from these sources was below 1000
Hz. The weakest drilling/dredging sounds measured came from a drillship
performing logging operations (122-125 dB re- 1pPa, 20~1000 Hz, range 0.17 km).
The strongest sounds came from a hopper dredge underway with a damaged propeller
(150 dB, range 0.46 km). Measured data were used to derive regression equations
for received sound level versus range. In these shallow waters, the overall

12
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noise (20- to 1000-Hz band) from most drilling and dredging operations would be
at levels below the median ambient noise (99 dB) at ranges greater than 30 km.

RELATIONSHIP AND RELEVANCE TO THE
BEAUFORT ENVIRONMENTAL MONITORING PROJECT

This project provides a summary of information that is useful in evaluating
the validity of Hypothesis No. 1, particularly as it relates to the effects of
noise associated with offshore industrial activities on the western population
of bowhead whales. These acoustic data will be useful in predicting zones of
influence of industrial activity in the Canadian Beaufort Sea.

BEMP PROJECT OVERVIEW NO. 1-7

TITLE: . Summer Distribution of Bowhead Whales,
Baleana mysticetus, Relative to 0il Industry
Activities in the Canadian Beaufort Sea,

1980-84.
PRINCIPAL INVESTIGATOR: W. John Richardson
AFFILIATION: LGL Limited, King City, Ontario
FUNDING SOURCE: U.S. Minerals Management Service
EXPECTED COMPLETION DATE: Complete
RELEVANT BEMP HYPOTHESIS NO.: 1 and 21

BRIEF PROJECT DESCRIPTION

This study is a summary of information on the distribution of bowheads
relative to oil industry operations in the Canadian Beaufort Sea during the
summers of 1980-84. The information upon which this study is based can be found
in a number of unpublished reports prepared by several organizations, and most
of this has been reviewed in previous BEMP meetings.

The following is the abstract of the published report of this study
(Richardson, ¥.J., R.A. Davis, C.R. Evans, D.K. Ljungblad and P. Norton. 1987.
Summer distribution of bowhead whales, Balaena mysticetus, relative to oil
industry activities in the Canadian Beaufort Sea, 1980-84. Arctic 40(2):93-104.):

Aerial surveys in 1980-84 showed that summer distribution of bowheads in
the Beaufort Sea varied markedly between years. Distribution varied both outside
and within the "main industrial area" (MIA), the area of island construction,
drilling and intensive ship and helicopter traffic. Numbers of bowheads in the
MIA were high in 1980, lower in 1981, near zero in 1982 and very low in 1983-
84. The few whales in the MIA in 1983-84 were mainly near its edges, contrary
to 1980-81. These data, plus limited evidence from 1976-79, indicate that
bowheads were numerous in the centre of the MIA in 3 of 5 years from 1976-80

13
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(1976-77, 1980) vs. 0 of 4 years from 1981-84. One hypothesis 1s that
progressively increasing industrial activities affected bowhead distribution
after 1980. However, bowheads probably also react to variations in their
zooplankton prey, which may be affected by year-to-year changes in oceanography
and weather. Influences of natural factors on zooplankton and bowheads need to
be better understood in order to assess whether oil exploration caused any of
the observed changes in bowhead distribution.

RELATIONSHIP AND RELEVANCE TO THE
BEAUFORT ENVIRONMENTAL MONITORING PROJECT

This study is relevant to Hypothesis No. 1, which states that "ship
traffic, seismic exploration and active offshore structures will cause a
reduction in the western arctic population of bowhead whales". Although the
review provides some evidence that the distribution of bowheads in the Canadian
Beaufort Sea was influenced by industrial activities during 1981-1984, the
authors report that more information on natural factors affecting zooplankton
and bowhead distributions is required. Regional and local variations in food
availability within the region may play a major role in the spatial distribution
of at least some component of the bowhead population.

BEMP PROJECT OVERVIEW NO. 1-8

TITLE: Population Length Structure and Recruitment
in the Bowhead Whale derived from Aerial
Photogrammetry, Spring 1985-1986.

PRINCIPAL INVESTIGATOR: M.K. Nerini, D.E. Withrow, and K. Strickland

AFFILIATION: National Marine Mammal Laboratory, National
Marine Fisheries Service

SOURCE: Seventh Biennial Conference on the Biology

of Marine Mammals. Abstracts. Dec. 5-9, 1987,
Miami, Florida.
RELEVANT BEMP HYPOTHESIS NO.: 1

BRIEF PROJECT DESCRIPTION

The following is the abstract which appears in the Seventh Biennial
Conference on the Biology of Marine Mammals Abstracts, December 1987.

Aerigl photogrgpbs of bowhead whales were taken in the spring of both 1985
and 198§ in the vicinity of Point Barrow, Alaska. The total lengths of 543
whales in 1985 and 234 whales in 1986 were measured. The measurement precision

was estimated by using multiple images of the same whale (n=121) and appears fo
be in the order of 1.5% of the total body length.

14
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Migrating whales are temporally segregated such that small animals travel
early in the migration and cows accompanied by calves comprise the later
migrants. Calves comprised 1.1% of the 1985 and 16.4% of the 1986 non-calf
sample. Mature animals (> 13 m) represented 41.9% of the 1985 sample and 58.9%
of the 1986 sample. The length distribution differed significantly between the
two years which we attributed to a difference in the timing of the two field
seasons and the size segregation in migrants.

The low proportion of calves in 1985 reappears as a small proportion of
yearlings in 1986 suggesting that 1985 was a year of poor recruitment and that
recruitment may vary widely between years. We suggest this marked variation
may be driven by the availability of food resources in the Beaufort Sea in the
summer and examine previous records of calf production in this population. Using
a calving interval of 3 years by analogy with other right whales, we calculated
a gross annual reproductive rate of 0.065 and 0.092 for 1985 and 1986,
respectively.

-

RELATIONSHIP AND RELEVANCE TO THE
BEAUFORT ENVIRONMENTAL MONITORING PROJECT

This study is indirectly relevant to Hypothesis No. 1, which states that
"ship traffic, seismic exploration and active offshore structures will cause a
reduction in the western Arctic population of bowhead whales". The research is
conducted in Alaska, but the distributional information, estimates of
reproductive rates and methodological approach may aid in the assessment of this
hypothesis.

BEMP PROJECT OVERVIEW NO. 1-9

TITLE: The Relationship Between Bowhead Whale
Distribution and the Oceanography of Northern
Seas.

PRINCIPAL INVESTIGATOR: G.A. Borstad, M.R. MacNeill

AFFILIATION: G.A. Borstad Associates Ltd.

SOURCE: Seventh Biennial Conference on the Biology

of Marine Mammals. Abstracts. Dec. 5-9,
1987, Miami, Florida.
RELEVANT BEMP HYPOTHESIS NO.: 1 and 21
BRIEF PROJECT DESCRIPTION

The following is the abstract that appears in the Seventh Biennial
Conference on the Biclogy of Marine Mammals Abstracts, December 1987.

The historical distribution of bowhead whales (Balaena mysticetus) was
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compared with available environmental data, derived primarily from satellite
images and ice reconnaissance charts.

Analysis suggests that bowhead behaviour at long-time scales is linked to
regional ice conditions. 1In 1974, 1976, and 1984 large numbers of whales were
observed feeding in the vicinity of Point Barrow. Heavy ice conditions in the
eastern Alaskan Beaufort during the first week of September seemed to cause an
early departure and the possibility of feeding at Barrow if conditions are
suitable there. Large areas of open water in the east allow more feeding in the
vicinity of Barter Island, and the end of migration is strongly correlated with
accunulated freezing degree days.

Because of large annual variations in the timing and geographic nature of
break-up and the duration and extent of open water, bowheads may find alternative
feeding grounds away from the industrial areas in the southern Beaufort, either
along Banks Island and in M'Clure Strait, or in Amundsen Gulf. Variations in
ice cover probably mean that they cannot summer in the same area every year.

At smaller scales, thermal satellite images of the Barrow area on September
23, 1984 show that whales congregated near a strong frontal boundary where bird
distribution suggest that zooplankton was especially abundant. Wider examination
has also shown highly significant correlation between temperature fronts and
bowhead distribution in the Canadian Beaufort, although this is not consistent
presumedly because of biological and physical differences between fronts.

RELATIONSHIP AND RELEVANCE TO THE
BEAUFORT ENVIRONMENTAL MONITORING PROJECT

This study was conducted in Alaska and is, therefore, only indirectly
relevant to Hypotheses No. 1 and 21.

While it has been observed that the summer range of bowhead whales in the
Beaufort Sea has varied from year to year, the factors controlling their
distribution remain unknown. Few bowhead whales have been seen in the industrial
zone since 1980, and it has been postulated that they have been excluded from
an important feeding area due to disturbance from industry activities.
glternatively, it has been suggested that the distribution of bowhead whales is
influenced by oceanographic factors that affect the abundance and distribution
of food resources. The distributional and oceanographic data provided by this
research may assist in the evaluation of these two hypotheses.
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HYPOTHESIS NO. 2

A - Offshore structures will reduce the white whale harvest; B -
Frequent icebreaker traffic in landfast ice will increase the white
whale harvest; C - Open water ship traffic in the Mackenzie Estuary
will alter white whale distribution and lead to changes in harvest

levels.

FIGURE 2-1

THE EFFECTS OF VARIOUS FACILITIES AND ACTIVITIES ASSOCIATED
WITH OFFSHORE HYDROCARBON DEVELOPMENT ON THE WHITE WHALE HARVEST
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LINKAGES

1.

2.

8.

Artificial islands off the Mackenzie Delta will delay the reglonal break-~
up of landfast ice.

Icebreaker traffic in the landfast ice 1in spring will advance the
break-up of ice barriers across Kugmallit and Niakunak bays.

The timing of break-up of the landfast ice influences the timing of
entry, and the numbers and the duration of residence of white whales in

Niakunak and Kugmallit bays.

The numbers end the duration of residence of white whales in Kugmallit
and Niakunak bays will influence the white whale harvest.

Ship passages through Niakunak and Kugmallit bays will disturb white
whales, and this will reduce the number of animals that frequeat the bays
and/or the time that whales spend in the bays.

Ship traffic in Niakunak and Kugmallit bays will lead to changes in the
distribution of whales in the bays, and these changes will lead to
changes (probably reductions) in the harvest levels. In additiom, ship
traffic could directly interfere with hunting activities by frightening
whales that are being huated.

Increased Inuit employment by the oil industry and various supporting
businesses will lead to changes in huater effort.

Changes in hunter effort and experience will lead to changes 1in white
whale harvest.

18



BEMP IMPACT HYPOTHESIS NO. 2

STATUS OF KNOWLEDGE REGARDING BEMP IMPACT HYPOTHESIS NO. 2

During the last workshop that involved re-evaluation of Hypothesis No. 2
(1985), participants confirmed the validity of this hypothesis but concluded that
less emphasis should be placed on several of its linkages. 1In particular, the
group expected that delayed ice break-up due to the presence of offshore
artificial islands and advanced break-up as a result of icebreaker traffic were
both unlikely under the present development scenario. Similarly, it was
concluded that the present level of ship traffic is unlikely to prevent white
whales from entering the Mackenzie Estuary, although it may cause local and
short-term changes in the distribution of whales. Wage employment of hunters
in the petroleum industry may change the pattern of hunting, but the workshop
participants did not expect this to cause a substantial change in the size of
the white whale harvest.

Hypotheses dealing with harvesting of resources are being examined in
detail through the Mackenzie Environmental Monitoring Program (MEMP). This
includes the possible effects of 0il and gas development on white whale harvests,
which was the subject of a subgroup meeting at the 1985 MEMP workshop.

REVIEW OF RECENT AND ONGOING RESEARCH PROGRAMS

BEMP PROJECT OVERVIEW NO. 2-1

TITLE: Reactions of White Whales and Narwhals to
Ship Traffic and Ice-breakers at the
Admiralty Inlet Ice Edge.

PRINCIPAL INVESTIGATOR: S. Cosens

AFFILIATION: Fisheries and Oceans Canada, Freshwater
Institute

FUNDING SOURCE: NOGAP

EXPECTED COMPLETION DATE: 1988

RELEVANT BEMP HYPOTHESIS NO.: 2

BRIEF PROJECT DESCRIPTION

This reseavch project 1s an outgrowth of the studies conducted at the
Admiralty Inlet ice edge in 1982-1984 (BEMP 1986). The study is designed to
quantify vocal and behavicural responses of narwhals and white whales to ship
traffic and icebreaking. Data are bzaing collected on behaviour in the presence
and absence of ship traffic, vocalizations and associated behaviour and responses
to playback of ship noise.
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RELATIONSHIP AND RELEVANCE TO THE
BEAUFORT ENVIRONMENTAL MONITORING PROJECT

The study previously conducted at the Admiralty InleF ice edge (BEM? 1936)
provided information about sound transmission, vocalizations and behaviour of
white whales in response to infrequent ship traffic. This present study will
provide more detailed information about responses by whales to ships, and is
focussing on behavioural differences between narwhal and white whales and the
implications of these differences for predicting the impact of disturbance on
behaviour and distribution. Although the study is being conducted in the eastern
Arctic, the results will be of value in interpreting the observed reactions of
white whales to ships in the nearshore Beaufort Sea (Hypothesis No. 2).

BEMP PROJECT OVERVIEW NO. 2-2

TITLE: White Whale Surveys in the Beaufort Sea.

PRINCIPAL INVESTIGATOR: T. Strong and P. Norton

AFFILIATION: Department of Fisheries and Oceans:; PN
Enterprises

FUNDING SOURCE: ESRF, NOGAP, DIAND

EXPECTED COMPLETION DATE: Complete

RELEVANT BEMP HYPOTHESIS NO.: 2

BRIEF PROJECT DESCRIPTION
This research is subdivided into three related projects:
1. visual surveys of white whales undertaken by PN Enterprises;
2. photographic surveys of white whales by DFO; and
i surveys of selected transects by both methods.

The objective of the integrated brogram was to compare simultaneous counts
of the number of whales in an area using a visual aerial survey technique and
a photoqraphic aerial survey technique. Comparison of the results will indicate
a relative gorrection factor for the number of whales present but not detected.
A rough calibration factor to be applied when comparing the results obtained by
each method will also be derived. Data from the visual surveys have been
analysed, but those from the photographic surveys are not yet available.

Systematic aerial whale surveys have been conducted annually in the
Mackenzie Estuary and the offshore Beaufort since 1972 and 1980, respectively.
A}l surveys employed the same visual survey technique. In some years, a second
V}sual survey method was also employed to examine the number of surfaéed whales
missed by observers. This technique involved a comparison of counts of two
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observers on the same side of the aircraft. A comparison of the two techniques,
however, has not yet been conducted. The results of a similar study conducted
in the eastern Arctic indicate that visuwal observers do miss some whales that
can be detected in photographic surveys.

There are advantages and disadvantages to each technique. The visual
survey technique affords a real-time observation period (whales' movement can
be used as a sighting cue; a survey can be modified to maximize data collection).
The visual technique is also cost-effective and less limited by weather than the
photographic survey technique. The photographic technique, however, provides
a permanent record of the observations, which allows for easy comparison of
observer effectiveness and assessment of whale parameters that can not be
accurately measured using the visual technique such as whale length and distances
between whales.

RELATIONSHIP AND RELEVANCE TO THE
BEAUFORT ENVIRONMENTAL MONITORING PROJECT

The results of this project will be useful in evaluating the validity of
Hypothesis No. 2(c). This study will provide both population estimates and
extent of icebreaker traffic, which can then be compared within and between
years to determine if the abundance and distribution of white whales is altered
by icebreaker traffic (Link 6). Such changes could, in turn, affect the white
whale harvest levels through displacement of whales from hunting areas.

BEMP PROJECT OVERVIEW NO. 2-3

TITLE: Assessment of White Whale Responses to Boat
Traffic through Detection of Vocalization.

PRINCIPAL INVESTIGATOR: G. Yaremchuk

AFFILIATION: Fisheries and Oceans Canada, Freshwater
Institute

FUNDING SOURCE: NOGAP

EXPECTED COMPLETION DATE: 1988

RELEVANT BEMP HYPOTHESIS NO.: 2

BRIEF PROJECT DESCRIPTION
This study was initiated in 1985 with initial trials of the sonobuoy
deployment in the inner Mackenzie estuary. The three objectives of this study
were:
1. to assess sound transmission in the very shallow water of the inner

estunary;
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: i lization rate or type ocoyr i
rmine whether changes 1n voca ] r in the
;:esd:rtge of disturbance from either industry or hunting boats; ang

3 to determine, by triangulation, movements of whales in response tg boat
traffic.

Equipment problems in both 1985 and 1986 resulted in few data being
collected. The data that were collected are not analysed to date. Tt i
possible that this study will serve as the preliminary equipment testing for
further research on this subject.

RELATIONSHIP AND RELEVANCE TO THE
BEAUFORT ENVIRONMENTAL MONITORING PROJECT

This research will provide information that is dirgctly relevant to Links
5 and 6 of Hypothesis No. 2(c). Results of this study will assist in analysing
whether ship traffic causes disturbance to white whales in the area, which could
lead to changes in their abundance and distribution and ultimately the white
whale harvest.

Participants in the 1985 BEMP workshop concluded that ship traffic at
current levels did not reduce the number of animals that frequent the bays (Link
5), but that this may become a concern if traffic increases in the future. It
was recommended that the above monitoring program as well as the Inuit liaison
program be continued.

BEMP PROJECT OVERVIEW NO. 2-4

TITLE: Beaufort Sea White Whale Study.
PRINCIPAL INVESTIGATOR: Lois Harwood

AFFILIATION: Fisheries Joint Management Committee
FUNDING SOURCE: Fisheries Joint Management Committee
EXPECTED COMPLETION DATE: ongoing

RELEVANT BEMP HYPOTHESIS NO.: 2

BRIEF PROJECT DESCRIPTION

. This project was initiated by Tom Strong in 1981 for the Department of
F}shel'”les and Oceans to obtain information on the population status,
distribution, and stock identity of white whales hunted in the Mackenzie Estuary,
and to collect catch/effort data for the Mackenzie domestic harvest. The

obJectiye of. this program was to develop management recommendations for the
Mackenzie white whale population.
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Contractors obtained information through hunter interviews on catch/effort,
total lengths, and gender of harvested whales. Biological information was also
collected to determine age and reproductive status of the harvested whales.
Stomachs examined in situ were found to contain little prey; no contents were
collected.

In 1987, the project was continued under the Fisheries Joint Management
Committee coordinated by Lois Harwood. The focus of this research is directed
at the collection of harvest information and age determination as well as
analysing stock separation of the Beaufort and Alaskan white whale populations.
This analysis involves the collection of white whale 1livers for DNA
fingerprinting.

RELATIONSHIP AND RELEVANCE TO THE
BEAUFORT ENVIRONMENTAL MONITORING PROJECT

‘Component A' of the monitoring program recommended in the 1983-84 and
1984-84 BEMP Final Reports include continuation of the annual monitoring of white
whale harvest levels in the Mackenzie Estuary. This program is consistent with
such recommendations, although it was initiated and is being continued for
reasons other than the BEMP process. Information collected during the course
of this annual monitoring program is not directly relevant to any of the Linkages
in Hypothesis No. 2, but does provide important data on various population
parameters of the Mackenzie white whale stock.

BEMP PROJECT OVERVIEW NO. 2-5

TITLE: White Whale (Delphinapterus leucas)
Population Management in Northern Canada:
A revievw of Stock Discreteness and Size of
Sub-arctic Populations.

PRINCIPAL INVESTIGATOR: P.R. Richard
AFFILIATION: DFO
SOURCE: Seventh Biennial Conference on the Biology

of Marine Mammals. Abstracts. December 5-9,
1987, Miami, Florida.

EXPECTED COMPLETION DATE: 1990

RELEVANT BEMP HYPOTHESIS NO.: 2

BRIEF PROJECT DESCRIPTION

The following is an abstract that appears in the Seventh Biennial
Conference on the Biology of Marine Mammals Abstracts, December 1987.
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In 1980, the IWC Sub-Committee on Small Cetaceans proposed a model
suggesting that white whale populations could be separated between yegr—round
resident populations and summering populations, which share common wintering
grounds. The western Hudson Bay population was given as an example of the former
and the eastern Hudson Bay and Cumberland Sound populations as examples of the
latter.

Results from extensive surveys flown between 1981 and 1986 by Fisheries
and Oceans and others provide a different picture of white whale seasonal
distribution. For example, large numbers of white whales have been counted in
both southern and northern Hudson Bay. This suggests that, in summer, white
whales have a near continuous distribution in Hudson Bay. In addition, the
western Hudson Bay summer concentration is not a year-round resident population.
It shares the Hudson Strait wintering grounds with the eastern Hudson Bay
population and probably with the Cumberland Sound population. The Cumberland
Sound population appears to move into Frobisher Bay during the summer.

These results indicate that white whales are more widely distributed in
summer than was previously thought. Stock delineation by summer concentrations
may be an over-simplification that could be counterproductive in attempts to
manage native harvests. New population size estimates are also presented for
S.E. Baffin Island, N. Hudson Bay and W. Hudson Bay summer concentrations.

RELATIONSHIP AND RELEVANCE TO THE
BEAUFORT ENVIRONMENTAL MONITORING PROJECT

Although this study is not directly relevant to BEMP, it does provide some
important information on the population structure of white whales in Canadian
waters. Information on abundance, distribution, and yearly movements from this
study can be useful in assessing similar information obtained from the Beaufort
Sea that is directly relevant to Hypothesis No. 2.
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BEMP PROJECT OVERVIEW NO. 2-6

TITLE: White Whale (Delphinapterus leucas) Movement
Analysis Study

PRINCIPAL INVESTIGATOR: T. Strong

AFFILIATION: Department of Fisheries and Oceans

FUNDING SOURCE: DFO, FJMC, Alaska Dept. Fish and Game

EXPECTED COMPLETION DATE: 1991

RELEVANT BEMP HYPOTHESIS NO.: 2

BRIEF PROJECT DESCRIPTION

The major objective of this 4-year study is to monitor daily movements,
dive and surface times, and migration routes of tagged white whales using radio
and satellite telemetry. It was hypothesized that areas of whale concentration
during migration are site specific and that there is no population interchange.

Four whales are to be tagged and monitored in order to study their
movements, migration, and population interchange. Two whales were radio-tagged
in 1988. One transmitted for one week before the signal was lost, the other is
currently being monitored visually and by telemetry. The existing tag is being
redesigned and strengthened. A ninimum of three more whales are to be tagged
in 1989. It is expected that this research will be completed by 1991, with
updates prepared annually.

RELATIONSHIP AND RELEVANCE TO THE
BEAUFORT ENVIRONMENTAL MONITORING PROJECT

Hypothesis No. 2c¢ states that "open water ship traffic in the Mackenzie
Estuary will alter white whale distribution and lead to changes in harvest
levels”. Results from this study will provide dimportant distributional
information required to assess this cowmponent of the hypothesis. This is the
first research of this type to examine the migration patterns of white whales.
When available, the results will provide new and vital information with which
to evaluate Hypothesis 2c.
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HYPOTHESIS NO. 3

Marine vessel traffic, seismic activities, dredging.operations,
aircraft overflights and active offshore platforms/islands will
reduce the size of populations of ringed and bearded seals.

FIGURE 3-1

THE EFFECTS OF VARIOUS OFFSHORE ACTIVITIES
AND FACILITIES ON POPULATIONS
OF RINGED AND BEARDED SEALS IN THE BEAUFORT SEA

POPULATICNS OF RINGED
AND BEARDED SEALS

»ENERGY BALANCE —=

ENERGY COSTS ENERGY INTAKE

AVAILABLE TIME
FOR FEEDING
AVAILABLE FOOD

AIRCRAFT
FEERIRSIEENES AVAILABLE HABITAT
FREQUENCY OF MARINE
VESSEL TRAFFIC,
DREDGING, SEISMIC
ACTIVITY
(i.e., mobile sources) ACTIVE OFFSHORE
PLATFORMS
(i.e.. stationary
sources)
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LINKAGES

l.

Each active offshore platform will result in the exclusioa of ringed and
bearded seals froam some habitat.

Marine traffic (ships, dredges, selsmic vessels) will exclude ringed and
bearded seals from available habitat.

Each passage of a ship or other marine vessel will reduce the feeding
time available to ringed and bearded seals.

Each passage of a vessel will increase the energy expenditure of seals
because of avoidance behaviour.

The available aquatic habitat can influence the level of available food.
-

The amount and quality of available food and the time available for
feeding determine energy intake.

Noise from aircraft will disturb hauled-out seals and lead to Increased
energy costs.

Energy intake and costs determine energy balance.

The energy balance of a seal determines 1its survival and 1its ability to
reproduce. The energy balance of the 1individuals 1in a population
influences the reproductive capacity and health of the population.
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STATUS OF KNOWLEDGE REGARDING BEMP IMPACT HYPOTHESIS NO. 3

This hypothesis and its linkages were expected to remain valid, but it was
concluded during the 1985 workshop that the cumulative effects of all links would
probably be inconsequential or too hard to detect (due to natural variability
in population levels) at the present level of industrial activity in the Beaufort
region. For example, studies conducted by DFO (Central and Arctic Regien,
formerly Western Region) since 1981 have shown no correlation between densities
of hauled-out seals and proximity to industrial activities. Habitat exclusion
resulting from the physical presence of offshore structures and marine vessel
traffic were expected to be insignificant at both individual and population
levels, while the energetic costs associated with avoidance and diving responses
to aircraft overflights would also be inconsequential from a regional
perspective. No specific research or monitoring were recommended.

REVIEW OF RECENT AND ONGOING RESEARCH PROGRAMS

BEMP PROJECT OVERVIEW NO. 3-1

TITLE: Changes in the Population Dynamics of Ringed
Seals in the Amundsen Gulf

PRINCIPAL INVESTIGATOR: T.G. Smith

AFFILIATION: Fisheries and Oceans Canada, Arctic
Bicological Station

FUNDING SOQURCES: DFO, Polar Continental Shelf Project

EXPECTED COMPLETION DATE: Complete

RELEVANT BEMP HYPOTHESIS NO.: 3, 4, 6, and 9

BRIEF PROJECT DESCRIPTION

This study involves the compilation and integration of extensive amounts
of data collected by the Arctic Biological Station on the Amundsen Gulf ringed
seal population during the period from 1971 to 1983. This long-term program has
included investigation of various aspects of ringed seal population structure,
recruitment, annual movements and physiological condition. Samples were
collected in several areas within Amundsen Gulf including Minto Inlet, Prince
Albert Sound, Prince of Wales Strait and Cape Parry, as well as other areas in
the southeast Beaufort Sea.

The results indicate that Prince Albert Sound supports the highest density
of ringed seals (2.84/sq km) and that the population extends as far as Point
Barrow, Alaska and Injun, Siberia. This high density of seals in Prince Albert
Sound is due to the presence of stable landfast ice, which is used as their
breeding habitat. A drastic reduction in recruitment of seals was noted in 1974
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and 1975, but the precise cause of this decline has not been identified.

Many aspects and components of this research have been presented elsewhere.
The overall integration and interpretation of information resulting from this
study, including resolution of seasonal and year-to-year changes, required the
use of computerized techniques of data analysis and simulation. 1Integrated
ecosystem research with radio and satellite telemetry was suggested to more
effectively study the regulation of marine mammal populations. Topics covered
include: ringed seal distribution abundance, breeding habitat, reproduction,
growth and body condition, feeding ecology. and demographic parameters. The
results of this research are published in the 1987 Canadian Bulletin of Fisheries
and Aquatic Sciences, No. 216.

RELATIONSHIP AND RELEVANCE TO THE
BEAUFORT ENVIRONMENTAL MONITORING PROJECT

This study provides in}ormation relevant to Link 9 of Hypothesis 3, through
examination of effects of energy balance on ringed seal growth, survival and
reproduction.

Smith's study is also relevant to Hypothesis 4 and 6, which relate to the
effects of icebreaking in Amundsen Gulf on seal (and polar bear) populations.
Examination of seasonal and annual variability in seal distributions and ice
conditions will be particularly useful for analysis of Links 2 and 4 (Hypothesis
4) and Links 10 and 11 (Hypothesis 6).

There is concern that icebreaker traffic through Amundsen Gulf will affect
ringed seal and polar bear populations, through alteration of ice type, coverage
and location. Participants in the second BEMP workshop (INAC and Environment
Canada 1985) concluded that, although such ship-induced destabilization of the
Amundsen Gulf ice cover was not very probable, this area of concern deserved
further consideration because of the potential serious nature of resultant
impacts on seal and bear populations. BAnalysis of existing data was recommended
to examine the effects of yearly changes in ice conditions on the distribution
and abundance of marine mammal populations, and the data collected by Smith was
identified as an important source of information for such an analysis.
Examination of the 12 years of data will allow analysis of the relationship
between variations in ice cover (most notably the extreme ice years of 1971, 1978
and 1981) and changes in ringed seal population parameters.
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BEMP PROJECT OVERVIEW NO. 3-2

TITLE: Environmental and Ecological Factors
Influencing Ringed Seal Distribution in the
Southeast Beaufort during Late Summer/Fall

PRINCIPAL INVESTIGATOR: L. Harwood .
AFFILIATION: Department of Zoology, University of Alberta
FUNDING SOURCES: Fisheries and Oceans Canada, Indian and

Northern Affairs Canada, Minerals Management
Services, Boreal 1Institute of Northern
Studies, University of Alberta

EXPECTED COMPLETION DATE: 1989

RELEVANT BEMP HYPOTHESIS NO.: 3 and 9

BRIEF PROJECT DESCRIPTION

This project has involved examination of the relative abundance and
distribution of ringed seals in the Beaufort Sea during the open-water period
for the years 1980-1986. Trends in seal distribution will be examined through
comparison with oceanographic features depicted in satellite imagery or
delineated through in gitu sampling. In addition, a population estimate will
be attempted as part of this study.

During the open-water period, ringed seals occur in large (10's of 1000's),
dense feeding aggregations, and these appear to persist through to freeze-up.
The locations of groups varies among years, and this is believed to be related
todyariation in the distribution of seal prey items (e.g., zooplankton, Arctic
cod) .

RELATIONSHIP AND RELEVANCE TO THE
BEAUFORT ENVIRONMENTAL MONITORING PROJECT

Sgal distribution data collected from 1980-1986 will be useful 1in
evaluating Links 1 and 2 of Hypothesis 3, which state that active offshore
plaFforms and marine traffic will exclude ringed (and bearded) seals from some
available habitat. However, since the project was not designed to determine a
cause-effect relationships, quantification of subtle exclusions is not possible.
The surveys do provide an extensive time series describing seal distribution in
areas in the vicinity of and distant from industry activities. This inforwmation
along with the oceanographic data, will be used to assess any evidence for large-
scale exclusions of seals. Preliminary analyses to date suggest there have not

Peen ?UCh effects, at least not to an extent detectable with methods employed
in this investigation.

Thg study will also provide information relevant to Links 5 and 6 of
Hypothesis ?,.through_an examination of the importance of fall feeding in the
annual nutrition of ringed seals. If ringed seals are excluded from available
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and important feeding areas (e.g., if Links 1 and 2 are in fact valid and
consequential), then information from this study could be used to evaluate the
possible implications of such an exclusion. The seriousness of any exclusion
would depend on its location and timing.

The investigation also involves evaluation of the validity of using aerial
surveys to census ringed seals during the open-water period, the advantages and
disadvantages of employing this method, and presentation of correction factors.
Consequently, the methodological component of this study is also relevant to
Links 1 and 2 of Hypothesis 3, which rely on monitoring the distribution and
relative abundance of seals.

BEMP PROJECT OVERVIEW NO. 3-3

TITLE: " Density and Distribution of Ringed Seals in
Barrow Strait during Late Winter and Spring

PRINCIPAL INVESTIGATOR: M.O0. Hammill

AFFILIATION: MacDonald College, McGill University, and

Arctic Biological Station, Fisheries and
Oceans Canada

FUNDING SOURCES: DFO (NOGAP) and petroleum industry
EXPECTED COMPLETION DATE: Complete
RELEVANT BEMP HYPOTHESIS NO.: 3, 4 and 6

BRIEF PROJECT DESCRIPTION

This study was designed to quantify the effects of certain habitat features
on the density and distribution of ringed seals in fast ice. To achieve this
objective, it was necessary to develop a method that provided a reliable estimate
of seal abundance.

Labrador retrievers, trained to located ringed seal structures (lairs),
searched 12 different 4 km2? plots between March and June 1984. 1In each plot,
all seal structures located by the dogs were marked. By treating the marked
structures as removals (Zippin, Biometrics 12:163-189, 1956) the population of
structures in each plot was estimated.

Nine of the areas searched in 1984 were also searched in 1985 and 1986,
and population estimates were obtained where the probability of detection of seal
structures remained constant. Seal hole densities from all areas searched during
the three years were also compared.

The removal method proved to be satisfactory in estimating the number of
seal holes per unit area. Application of the model permits the quantification
of year-to-year changes in density and distribution of ringed seals within their
breedirg habitat.
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RELATIONSHIP AND RELEVANCE TO THE
BEAUFORT ENVIRONMENTAL MONITORING PROJECT

The methodological component of this study is applicable to Links 1 and
2 of Hypothesis 3, which involve esiimation of seal distribution and abundance.
The analysis of ringed seal density and distribution during breeding is directly
relevant to evaluation of Link 2 of Hypothesis 4 and Link 11 of Hypothesis 6.

BEMP PROJECT OVERVIEW NO. 3-4

TITLE: Status of the Ringed Seal Population.

PRINCIPAL INVESTIGATOR: M. Kingsley and T. Byers

AFFILIATION: Department  of Fisheries and Oceans,
Freshwater Institute.

FUNDING SOURCE: Fisheries Joint Management Committee

EXPECTED COMPLETION DATE: Complete

RELEVANT BEMP HYPOTHESIS NO.: 3, 4 and 6

BRIEF PROJECT DESCRIPTION

A sample of 75 ringed seals (36 females and 39 males) were collected to
determine the current status and physiological condition of the Thesiger Bay
population. The seals were collected from July 12 - Aug 16, 1987.

The population structure was heavily skewed toward older seals, with very
few 1- to 3-year-olds found and only 2 ringed seal pups. High organochlorine
levels were found in the blubber, but these were not sufficiently high to
influence reproduction. No other pathological conditions were noted in the
samples.

RELATIONSHIP AND RELEVANCE TO THE
BEAUFORT ENVIRONMENTAL MONITORING PROJECT

This study will provide information that is directly relevant to Hypothesis
3 as well as Hypothesis 4, which states that increased frequency of icebreaker
traffic through the landfast ice and through Amundsen Gulf will reduce ringed
seal pup production levels and have subsequent effects on population levels.
The results of the study will provide baseline data on the population status for
comparison with similar monitoring studies to determine the effects of icebreaker
traffic on the population and abundance of marine mammal populations.
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BEMP PROJECT OVERVIEW NO. 3-5

TITLE: Long-term Studies of Ringed Seal (Phoca
hispada) Distribution in Alaska.

PRINCIPAL INVESTIGATOR: K.J. Frost, J.J. Burns, J.R. Gilbert, and
L.F. Lowry

AFFILIATION: Alaska Department of Fish and Game, Living
Resources, University of Maine

SOURCE: Seventh Biennial Conference on the Bioclogy

of Marine Mammals. Abstracts. Dec. 5-9,
1987, Miami, Florida.
RELEVANT BEMP HYPOTHESIS NO.: 3, 4 and 6

BRIEF PROJECT DESCRIPTION

Rerial surveys of ringed seals, Phoca hispada, have been conducted
intermittently in Alaska since 1970. 1In 1985, a 3-year study was initiated to
evaluate historical data and to determine the feasibility of long-term monitoring
of ringed seal distribution and abundance through aerial surveys. The specific
objectives were to: (1) develop a survey protocol that could be duplicated in
future years; (2) identify trends in abundance; and (3) determine the effects
of industrial activity on the distribution and abundance of ringed seals.

The 1985-1987 surveys provided density estimates with 95% confidence limits
equal to the mean +/- 10-16%. Density estimates from surveys flown at 300 ft
{91.5 m) were approximately 1.3 times higher than estimates from 500 ft (152.5
m). This indicates that for long-term studies the flying altitude must be
consistent among surveys or the data must be calibrated. Replicate surveys of
the same area, flown 3-4 days apart, within the prescribed weather window and
with similar ice conditions resulted in statistically similar density estimates.
Surveys of those same areas after the ice began to break up resulted in
significantly different densities. This was attributed primarily to the fact
that the seals aggregated at cracks, particularly within 2 nm of the fast ice
edge. Density increased only 9% within 6 nm of land, suggesting that the
nearshore zone can be used in year-to-year comparisons when surveys are flown
after ice break-up. It was suggested that a coordinated ground study of seal
haul-out behaviour be implemented to compliment information from aerial studies
and provide the basis for long-term monitoring of changes in ringed seal
distribution and abundance.

[
[9%3



BEMP IMPACT HYPOTHESIS NO. 3

RELATIONSHIP AND RELEVANCE TO THE
BEAUFORT ENVIRONMENTAL MONITORING PROJECT

This study provides information that is indirectly relevant to Hypothesis
3, 4 and 6. Although the study was conducted in Alaska, the information can he
useful in assessing similar information collected in the Canadian Beaufort.

The seal distribution data will be useful in evaluating Links 1 and 2 of
Hypothesis 3. The surveys have provided an extensive time series of data that
describe seal distribution in areas in the vicinity of and distant from industry
activities, which can be used to assess any evidence for large-scale exclusions
of seals. This investigation is also considered important because it will
provide evaluation of the validity of using aerial surveys to census ringed
seals, and the merits and shortcomings of this method.

BEMP PROJECT OVERVIEW NO. 3-6

TITLE: Function of the Ringed Seal Subnivean Lair.

PRINCIPAL INVESTIGATOR: M.0. Hammill and T.G. Smith

AFFILIATION: Renewable Resources: Wildlife, Macdonald
College

SOURCE: Seventh Biennial Conference on the Biology

of Marine Mammals. Abstracts. Dec. 5-9, 1987,

Miami, Florida.
RELEVANT BEMP HYPOTHESIS NO: 3 and 4

BRIEF PROJECT DESCRIPTION

The following is an abstract that appears in the Seventh Biennial
Conference on the Biology of Marine Mammals Abstracts, December 1987.

' In winter ringed seals (Phoca hispada) maintain breathing holes in the fast
ice and dig lairs beneath the snow for resting or for use in the spring as
PUPPing sites. These provide protection from cold temperature and predators.
The proportion of structures maintained by seals as subnivean lairs is tied to
the availability of adequate snowcover. Recently predator avoidance has been
suggested as the primary stimulus for the evolution of the subnivean lair.
Therefore, we predict increased predation of ringed seals in areas where there
is little snow cover and reduced predation with increased snowcover.

Snow thickness and predation were examined at thirty-three study plots in
garrow Strait between March and May, 1984-1986. Polar bears were the most
important predator. Predation occurred primarily at birth lairs which formed
20 to 40% of the structures located. 1MNo relationship was identified betwesn
predation and snow depth in the 1984 apq 1985 possibly due to the small sample
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sizes from each of these years (N=9). In 1986, predation attempts were
correlated with snow depth as predicted (r= -0.6215 p=0.02 N=14) and with date
(r=0.6819 p=0.01 N=14). The incidence of kills was correlated to predation

attempts (r=0.8075 p=0.0005) and date (r=0.6653 p=0.01).

It was concluded that construction of the subnivean lair has been in
response to predation pressure, especially predation on pups. The thick dome
of snow interferes with the predator's ability to detect a seal's location and
acts as a barrier, inhibiting the predator's entry into the lair. They also
provide an important thermal shelter for pups, but this is only required after
their immersion in water in response to disturbance from predators.

RELATIONSHTIP AND RELEVANCE TO THE
BEAUFORT ENVIRONMENTAL MONITORING PROJECT

This study provides Jdnformation on the function of the ringed seal
subnivean lair, which is indirectly relevant to Hypothesis 3 and 4. Offshore
activities and ice-breaker traffic could influence ice and snow conditions and,
thereby, cause a change in the effectiveness of subnivean lairs for protection
of seals from predators. Such changes could have significant influence on pup
production and population abundance and distribution.

BEMP PROJECT OVERVIEW NO. 3-7

TITLE: Patterns of Aggregation in Ringed Seals,
Bearded Seals and Bowhead Whales in the
Beaufort Sea during Late Summer.

PRINCIPAL INVESTIGATORS: L.A. Harwood and I. Stirling

AFFILIATION: University of Alberta, Canadian Wildlife
Service.

SOURCE: Seventh Biennial Conference on the Biology

of Marine Mammals. Abstracts. December 5-
9, 1987, Miami, Florida.
RELEVANT BEMP HYPOTHESIS NO: 1, 3 and 4.

BRIEF PROJECT DESCRIPTION

The following is an abstract that appears in the Seventh Biennial
Conference on the Riology of Marine Mammals Abstracts, December 1987.

Systematic strip-transect aerial surveys to count marine mammals were flown
twice annually over the SE Beaufort Sea during August-September of 1982, and
1984-1984. The region was subdivided into 255 grid cells (353 km each) between
141 and 127 W longitude, and from the 2m isobhath seaward to 25 km beyond the
shelf break. Size of the overall study area was 90,000 km, and survey coverage
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was 2-10%. Each marine mammal sighting was assigned to a grid cell, and meap
densities calculated for each year using corrections for observation conditions,
and using only data collected by the one observer present on all f}ights in all
years. Mean cell densities were used to produce contour maps depicting annual
distribution patterns for each species.

Densities for ringed seals, bearded seals, and bowhead whales are examined
at the group, single grid cell, and multiple grid cell scales using Taylor's Law
of the Mean in order to compare their patterns of aggregation. Patterns in all
species in all years were clumped, but were different among years and between
species.

In three of the four years, dense aggregations of ringed seals were
observed in both nearshore and offshore (50-80 km) waters, but the number of
aggregations and their locations varied. Observed seal behaviour, and the
presence and behaviour of seabirds, feeding bowhead whales, and bearded seals
within or near the ringed seal aggregations suggest feeding is a major activity
therein. In 1986, three areas of seal aggregation were found, and mean cell
densities were 1.67-1.75 ringed seals/km surveyed area, and 54% of the on-
transect sightings. Ringed seal density in remaining areas considered overall
was 0.14/km surveyed.

RELATIONSHIP AND RELEVANCE TO THE
BEAUFORT ENVIRONMENTAL MONITORING PROJECT

This study is of relevance to Hypothesis 1, 3 and 4, which link ship
traffic and offshore activities to reductions in population sizes of ringed
seals, bearded .=:ls, and bowhead whales in the Beaufort Sea. Distribution and
abundance informacion provided from this study are useful for assessing the
numbers of marine mamw.is that might be affected by such activities.
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BEMP PROJECT OVERVIEW NO. 3-8

TITLE: Predation on Ringed Seals in the Western
Beaufort Sea.

PRINCIPAL INVESTIGATORS: B.P. Kelly, S.C. Amstrup, C. Gardner, and
L.T. Quakenbush

AFFILIATION: Institute of Marine Science, Univ. of Alaska,
and U.S. Fish and Wildlife Service

SOURCE: Seventh Biennial Conference on the Biology

of Marine Mammals. Abstracts. December 5-
9, 1987, Miami, Florida.
RELEVANT BEMP HYPOTHESIS NO: 3, 4 and 6

BRIEF PROJECT DESCRIPTION

The following is an abstract that appears in the Seventh Biennial
Conference on the Biology of Marine Mammals Abstracts, December 1987.

Polar bears (Ursus maritimus) and arctic foxes (Alopex lagopus) are the
principal predators of ringed seals (Phoca hispada) and may exert considerable
influence on seal populations. Arctic foxes prey only on ringed seal pups in
subnivean birth lairs, whereas the bears also prey on older seals in and out of
the lairs. Rates of predation by foxes can be measured by random surveys of seal
lairs, using trained dogs, but predation rates by bears appear to be poorly
estimated by this method.

Trained dogs were used to locate 203 lairs, including 20 pupping lairs in
the western Beaufort Sea in 1982 to 1987. Foxes entered 14.4% of the lairs and
killed pups in 4 (20%) of the birth lairs. Those rates agree well with data from
other parts of the Arctic and are believed to be accurate estimates of the actual
rates in the Alaskan Beaufort Sea.

Polar bears entered only 3 (1.5%) of 196 lairs located during random
searches in 1982-1987. No kill was made at that site. While tracking bears from
low-flying aircraft near the areas surveyed with the dogs. indications of much
hig