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|
| INTRODUCTION

This proposal is subﬁitted in response to a Request fér Proposal (RFP)
from Shell Western E & PfInc. (SWEPI) to conduct a bowhead whale monitoring
program in conjunction wiFh offshore drilling at the Coron% prospect in the
sumpet and fall of 1986r _ There has been serious regu%atory and public
concern that offshore hydrocarbon exploration in the Alaskan Beaufort Sea may
interfere with the westwérd fall ndgratidﬂ of bowheads th?ough these near-
shore waters. Small cﬁanges in migration routes could have important
implications for the sucéess of the hunt by Eskimo whalers4 even though such

deviations may be biologibally inconsequential to the whales.
| : i

There has been a ireluctance to allow offshore dqilling until the

potential disturbance effects of such operations are better understood.
However, it is not possiﬁle to gather unequivocal data on}bowhead responses
to drilling if such ope?atiqns are not permitted to occur. In 1985, LGL
designed a bowhead reSeaJch protocol for evaluating the resbonses of bowheads
to offshore drilling. #his design was developed for SWEP;, with input from
government agencies and qhe North Slope Borough. Based on the implementation
of this research designi SWEPI was granted federal regu%atory approval to
drill from Sandpiper Islénd and at Corona during the bowhéad fall migration
in 1985. The decisionifor Corona was rendered academiq by the heavy ice
conditions at the time of approval in mid October. The apéroval at Sandpiper
Island was nullified banative concerns that the drilliné would affect the
bowhead hunt. Thus, drilling approval was delayed until the local bowhead
quotas were filled. - How?ver, no bowheads were taken in this area in the fall
of 1985 and drilling w%s not permitted until deteriorat%ng ice conditions
terminated the whaling efforts. _

| |

The SWEPI RFP for 1986 contains the basic elements of the study design

approved by the agencig4 last year. The RFP proposes soﬁe modifications to
last year's approved des#gn and we propose some further im?rovements based on
our experience in impleqenting the design in 1985. As ogtlined in the RFP,
our proposal has two maj@r elements. Task 1 is an acousti? study to document
noise levels and characteristics generated by an offshore drilling operation
and by its component paéts. In addition, a hydrophone arrhy would be used to

| ) |

|



monitor whale calls on a near real-time basis. Task 2 is an intensive study
of the behavior of bowheads in response to various levels of underwater noise

generated by the drilling operation. The acoustical study 1is ship-based,
whereas the behavior study uses aerial techniques.

It is essential that the acoustic and behavior elements of the study be
closely integrated so that changes in whale behavior can be attributed to the

appropriate industrial activity. We propose to achieve this integration by

using a highly experienced study team whose members have worked together on

similar projects for several years. LGL is the prime contractor on this
proposal. LGL will conduct the biological studies and will have overall
responsibility for the entire project and the final report. Greeneridge
Sciences Inc. will conduct the acoustic phases (Task 1) of the study. LGL

and Greeneridge have conducted joint studies of whale behavior and underwater

acoustics in arctic, ice-covered waters since 1980.

Our technical proposal addresses, in detail, all components of the RFP.
The acoustic studies are presented first (Task 1) followed by a description
of the behavior studies (Task 2). Before presenting the detailed technical
proposal, we provide a brief overview of the available information on the
timing of bowhead use of nearshore waters of the Alaskan Beaufort Sea near
the Corona prospect. This background information illustrates that relatively
few bowheads are expected to be found in the Corona area. Thus, a major

element of the study is a design that maximizes the likelihood of finding
whales so that behavioral studies can be instituted.

It is important to note a critical assumption that 1is made in this
proposal. In accordance with the RFP we assume that no other offshore
drilling operations will occur near Corona in 1986. The 'Eric' prospect,
which is being examined by Amoco 1is only 17 n.mi. east of Corona. If
drilling occurs at Eric during the Corona study, then major changes to the
design of the Corona study would be necessary, although the basic study
techniques of the present proposal would still be used. The problem occurs
because Eric is upstream of Corona and migrating whales would have to pass
close to Eric in order to reach Corona. Thus, drilling at Eric would occur

in the center of the planned control area for undisturbed behavior for whales
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approaching Corona. ‘The LQL/Greeneridge team has extensive experience in

re-designing studies in| response to changes in plans{ for 1industrial -
{ ‘

activities. As evidenced by our 1985 activities on behalf of SWEPI1, these

changes can be done on very short notice, if necessary.

BACKGROUND

|
J
|
Bowhead'Distribution and Migration . .

As a basis for desigping the proposed study, it is important to review

the available information‘on'the timing and distribution of‘bowhead migration
through the Alaskan Beaufort Sea in relation to the location and timing of

activities planned for th@ Corona site in 1986. This review is necessary to

define the optimum spatigl and temporal boundaries on the bowhead monltoring
program related’ to Corona. The most extensive series oflsynoptic data on
bowhead distribution andimigration patterns in the Alaska@ Beaufort Sea are
the aerial surveys conducted by Naval Ocean Systems —denter (NOSC) for
Minerals Management -Service (MMS). These surveys have been conducted for
seven years from 1979 to 1985 and will continue in 1986. . The principal
results of these surveysjare summarized below as they rel?te to the Corona

|

! -

There' is good evidence that most, if not all, of the western arctic
. : . |
population of bowheads epends the summer (July, August) in Canadian waters

Summer Distribution

(Davis et al. 1982) in |most years. However, in some years bowheads have
occurred in the Alaskan Beaufort Sea in Aegust. The quﬁbers present in
August are apparently highly variable from year to year. ;Interpretation of
| .

the normal patterns 1is complicated by the somewhat uneven aerlal survey
coverage that is availab%e since 1979. , A i
_ e _ B

Large numbers of éowheads have been recorded in Abgust; in. only one
(1982) of the last sevéﬁ years. In 1982, bowheads we;e present in the
eastern Alaskan Beaufort‘Sea north of 70°25'N and east of[144 W from 2 to 24

August., -Thus, the southwestern limit of the area occupied was about 20

|



n.mi. east of the Corona drillsite. After 24 August, the bowheads apparently
left eastern Alaskan waters with the only sightings in the last week of
August being well to the north at 71°05'N and 71°55'N. Ljungblad et al.
(1983) suggest the reasonable hypothesis that bowheads found in the eastern
Alaskan Beaufort Sea in August represent summering animals that have not
penetrated far into Canadian waters rather than repfesenting early migrants
out of Canadian waters. In fact, the Alaskan animals in August 1982 may have

been part of a larger group that extended east into Canadian waters near

Herschel Island (Davis et al. 1983).

In 1979, .17 surveys were conducted throughout August; the surveys
extended east to 143°W (Ljungblad et al. 1980). Bowheads were recorded
during only two flights--on 20 and 21 August. The whales were present from
70°31'N to 70°40'N and between 143°W and 144°30'W. Thus, a few whales were

present for a short period of time about 20 n.mi. ENE of the Corona site.

In 1980, surveys were conducted on only five days from 2 to 30 Augusﬁ
(Ljungblad 1981). The surveys extended east to 140°W and included areas
south of 70°30'N. No whales were recorded. The coverage was too limited to

conclude that bowheads were not present at any time near the Corona site in
August 1980.

In 1981, seven aerial surveys were conducted from 15-30 August
(Ljungblad et al. 1982a). No bowheads were recorded even though coverage

extended east as far as 140°W. It is apparent that bowheads were not present

near the Corona site in the last half of August 1981.

In 1983, aerial survey coverage of the Alaskan Beaufort Sea was good
with 22 flights from 2 to 31 August ‘(Ljungblad et al. 1984a). Bowheads were
present in Canadian waters close to the border at 141°W throughout August.
Some of these animals drifted into Alaskan waters on 10 August and remained
just west of 1415W until the end of the month. Most animals remained east of
141°15'W and norﬁh of 70°45'N.




i H
|
! ‘
Good coverage of thé Alaskan Beaufort Sea was obtainéd in August 1984

(Ljungblad et al. 1985).5'Eighteen flights provided even temporal coverage
from 1 to 29 August. No yhales were recorded in Alaskan waters except for a
few sightings close to the Alaska/Yukon border (141°W) on 16 and 29 August.
Bowheads were not near the Corona site in August 1984.

' The results of the 1985 MMS studies have not yet been released.
However, we were in frequent communication with the NOSC crew during August
1985 in connection ‘with our concurrent bowhead studies in
Canadian waters. Thus,j’information on general distributlon patterns 1is

available. A few sightings were made near the Alaska/Yukon boundary but no
|

bowheads were seen farther west in August. None were cl?se to the Corona

site. |

The aerial survey reSults for the past seven years suggest that bowhead
whales do not occur at the Corona site in August, although animals occurred
nearby in 1979 and 1982.

!‘.
" Patterns of Fall Migratioh
' ’

The fall migration ?f bowheads proceeds on a fairly broad front through

the nearshore waters of the Alaskan Beaufort Sea in September and October.
Plots of sightings made'during the MMS surveys in the fall of 1981, 1982,
1983 and 1984 are presented in Figures 1-4. It is quite evident that
migrating bowheads can ée expected near the Corona site.i Ljungblad et al.
(1984a) suggest that thefrate of migration may be related to ice conditionms.
In light ice years, Sueh as 1982, migration tends to be slower with more
animals in relatively shdllow (<50 m) waters (Fig. 2). In heavier ice years,
such as 1983, bowheads kend to move through more quickly and to occur in
deeper waters (Fig. 3): Maps from the 1985 MMS surveys are not yet
available, but the results of the much more intensive industry-funded surveys
are presented in FigurelS.‘ Even with the intensive cnyerage in 1985, very
\

few whales were seen near the Corona site. Comparison of the 1985 results

with those from 1981, illustrates that large annual variations are expected

in the numbers of bowheads near the Corona site.

[
|
!
{
l
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Figure 1.

Plot of bowhead whale sightings made during the September-October 1981 aerial surveys of
the Beaufort Sea. (Note: Little survey effort in waters over 50 m deep in 198l.) (Data

from Ljungblad et al. 1982.)
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Figure 4. Plot of bowhead whale sightings made during September-October 1984 aeriai.surveys of the
Beaufort Sea. (Data from Ljungblad et al. 1985.) .
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In general, apart from the bowheads that are occasiohally present 1in
August, the early stage oé the fall movement consists of a;general westward
drift of animals to the nearshore waters between the'Canadian border (141°W)
and Barter Island. This |zone appears to be used by feeding bowheads on a
regular basis in September (e.g., see Fignre 1). Intensive surveys of this
Tegion on 22 September 1982 found several hundred bowheads in the area
between 141°W and 143°W and extending from the barrier iéiands of fshore to
about 70°05'N (Johnson 1983) The general area between Barter Island and the
border is the major feeding area used consistently in September in the

1

Alaskan Beaufort Sea. i .
|

In the feeding area east of Barter Island, Johnson (1983) found bowheads
equally distributed through.water depths ranging from 1essythan 30 ft (9 m)
to over 90 ft (27 m). waever, west of Barter Island there is a trend for
bowheads to avoid waters |less than 60 ft (18 m) deep (see| Figures 1 to 5).
However, this 1s not an!ironclad rule since some indiviiuals do occur on
occasion in waters between 30 and 60 ft (9-18 m) deep (e.g., see Figure 2;
Hickie and Davis 1983). ' In fact,r'there‘ are very oceaéional records of
bowheads in waters less khan 30 ft &eep (Ljungblad et al. 1983; Braham et
al. 1984). On the whol%,_hqwever, the great majority ef the whales use

waters over 60 ft deep west of Barter Island. There is also evidence that

some concentration of whales occurs along the 60 foot depth contour.

7

To evaluate when bowheads first reach the vicinity of the Corona site
during fall migration, t%e ind1v1dual maps of results for each of the 222 MMS
surveys conducted in September’ and October from 1979 to 1984 were examined.
The start of the udgrat%on period was taken to be the qate that bowheads
reached or had passed the longitude of 144-146°W. The results of the
industry-funded studies were used to determine first arriéals in the Corona
area in 1985. Over the seven .years of study, the first arrivals of bowheads

near the Corona prospect |were: “ ‘ ' ‘

|

1979 - September 7

1980 - September 9

1981 - September 25

1982 = September 2 ° \
. - 1983 - September 3 . ‘

1984 ~ September 7 i

1985 - September 11 \
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Based on these data we later recommend that the behavior study begin on 1
September rather than on the 15 August date suggested in the RFP. The
acoustic study would begin on 15 August to allow time for deployment of the

acoustic array before bowheads arrive in the area.
TASK 1. ACOUSTIC STUDIES

Several types of acoustic measurements are needed during this project:

1. Industrial sounds received at various distances and bearings from
the drillsite, and at various depths in the water column, should be

quantified. These results should be compared with natural ambient
noise levels.

2. Temporal variation in the industrial sounds emanating from Corona
should be quantified over an extended period, and related to changes

in industrial activities and environmental variables such as wind
and ice. ‘

3. The levels and characteristics of the sounds emanating from each of
the major vessels operating at Corona should be documented in order
to further assess their relative contributions to the overall
composite noise field. The effects of variations in the activities

of the main vessels should also be determined (e.g. drillship

drilling, tripping, logging, or not; icebreaker idling vs. breaking
ice; supply boat idling vs. traveling, working anchors).

4, Acoustic methods (as well as visual techniques) should be used to
document the presence and movements of bowheads near the drillsite.

5. Sounds reaching whales whose .behavior 1is observed should be
documented.

6. Natural ambient noise levels should be documented for the Corona
area. Ambient noise data are necessary in order to estimate the
potential zones of audibility and whale responsiveness.

The rationale and methods for each of these six types of measurements
are given in detail in the six subsections below. The relationships of the
measurements proposed here to those likely to be acquired in the BBN/MMS
site-specific noise study are also mentioned in each of the six subsections.
The two studies are largely complementary rather than duplicative.
Coordination between the two studies 1is desirable to maximize the overall
results and to minimize or avoid the few potential areas of unnecessary
duplication. Following the subsections on the .six types of acoustic

measurements, we describe the main logistical requirements for the proposed
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acoustical field program, the potential -logistical problemL, and how these

can be overcome.

1. General Industéial Noise vs. Distance, Bearing and Depth
[ |

.Background and Rationale
Subtask 1 1is designld to document the levels and spectral character-
istics of industrial sounhs received at various distances and bearings from
the Corona drillsite, and’at various depths in the water column. Levels and
characteristics of industrial noise have been measured at several distances
from Explorer II and other drillships drilling in the Can%dian and Alaskan
Sea in previous summers tGreene 1982, 1985; LGL and Greeneridge in prep.).
Measurements of noise froL Explorer II were acquired in 1981 and 1985.. Figure
6 shows received levels in the 20-1000 Hz band as a function of range from
various drillsites in the‘Canadian Beaufort Sea. At all ranges up to 7.4 km,
received levels from ExplLrer II were well above the average ambient level in
the 20-1000 Hz band (985 dB re 1 pPa). Sound propagation tests were not
possible at Corona - dur%ng the 1985 BBN/MMS site—spec1ﬁ1c nolse study.
However, ongoing analyses for sites near Corona suggest ‘that Explorer II
sounds 1n some frequency‘bands may be above the median ambient level out to
ranges as great as 50 km (BBN and LGL in prep ). ;
i ]
 None of the aforementioned data were acquired at Corqna, and most were

before the bowhead migration season. Furthermore,

obtained in late summer)
spectral characteristics‘of sounds from Explorer II changen between 1981 and
1985 (LGL and Greeneridge, in prep.), and may change agéin in 1986. Sound
propagation in shallow water is highly site-specific, deending on water
depth, bottom conditions, .and temperature and .salinity profiles (Urick
1975). Thus, measurements of noise characteristics and ndi?e propagation are
needed at the same location and time as behavioral obserwations. Systematic
data on noise character%stics near the Corona drillsite];ill be needed to
interpret the observations of  whale behavior to. be acquired during. this

project. ' ‘ = T J

Drillships do not o%erate independently; they are sugported by stand-by
. i ‘

| | |
I
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FIGURE 6 . Drillship sound levels in the 20-1000 Hz frequency band vs. range
for three drilling vessels. Levels near drilling operations on a caisson-
retained island (CRI) in the Canadian Beaufort Sea and a semisubmersible near
the Aleutians (Greene, in press) are also shown for comparison. The
hydrophone depth was 9-18 m in each case.




vessels, supply boats, heﬂicopters and, in the Beaufort Sea,;icebreakers. The

underwater sounds recorded at any point near a drillship are a composite of

the sounds from each of these sources, plus natural ambient noise. Previous’

studies of underwater sounds near drillships have recognized this fact, and

have attempted to isolate[the sounds attributable to the dnillshlp itself by

making some recordings very close to the drillship. However; previous studies

have not attempted to deéermine the relative contributions of the drillship

vs. other vessels to the composite underwater sound received at various

longer ranges. This has several important implications for the present study:

1.

|
Underwater sounds at any one location near the drlllslte will be
quite variable, 'depending on the positions and activities of the
various vessels as well as the variable activities of the drillship
itself. i . o
Close to the drillship, received levels of underwater sounds are not
expected to diminish in any standard way, e.g. 20*log(range) or
10*1log(range), w&th increasing distance from the drillship until the
range becomes long compared to the separation of sound sources. Only
a fraction of{ the noise will come from the dr111sh1p, and there

will be no one point source.

In order to 1nterpret noise measurements, it wiyl be important to
know the positions of all potential noise sources relative to one
another and to ' the recording site. It will also be important to
determine the dharacteristics of the sounds emanating from each
major vessel operating at the drillsite in order to interpret the
composite sounds. Furthermore, during each session Wwhen the
composite sounds are measured, it will be important to know the
nature of the, activities aboard each vessel that might be
contributing to !the composite sounds. : ]
!

Propagation losses with increasing distance are ndrmally measured by
making Successive recordings of underwater noise at various
distances. Howe%er, source levels and characterisitics of the sounds
emitted by one or more of the vessels at the drillsite are likely to
change during sich a series of measurements (Greene 1985). Hence, it
is essential that provision be made to recognize and quantify any
temporal changes in the sounds during periods while propagation loss
measurements are being taken. If this is not done, wunrecognized
temporal changes in sounds might be mistakenly considered in
propagation loss calculations.

o :
! \
|

In this section we  outline the proposed procedures for quantifying the

overall

industrial noisé levels and characteristics at various distances and

bearings from Corona, and at various depths in the water column. In later

sections, we describe how we will document the temporal variability in

|
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composite sounds, and determine the relative contributions of different
vessels.

Relationship to BBN/MMS Site-Specific Noise Study

BBN Laboratories did not obtain usable data on sound propagation at
Corona during the 1985 phase of their study for MMS. Hence, they have not
devéloped a sound propagation model for Corbna. BBN may conduct propagation
experiments near Corona in 1986, using an underwater sound projector to
determine the propagation 1loss rates for each of several 'standard
frequencies. However, the BBN/MMS study must investigate several different
sites within a l-month field season. Hence, BBN is unlikely to be able to
obtain replicated measurements at any one site. They will not be able to

determine the full range of variability in the industrial sounds near Corona,

or the factors responsible for this variability.

This component of our proposed study is designed to obtain detailed,
replicated data on industrial noise as a function of distance and bearing
from Corona, and depth in the water column. These data cannot be acquired in

one or two brief measurement sessions, and thus are not likely to duplicate

data acquired by BBN.

We do not presently propose to conduct propagation tests with an
underwater noise projector, since this is likely to be done at Corona by
BBN. However, we do plan to use such a projector for calibration of the
acoustic array described later in this proposal. Hence, we could perform the
propagation experiments if it is mutually agreed amongst Shell, MMS and BBN
thét we, rather than BBN, should do this work.

We propose to coordinate with BBN in order to avoid duplication and to
use all relevant data collected by ourselves and BBN in order to develop the
best possible model for sound propagation in the Corona area. This approach
would be consistent with the practice agreed to amongst Shell, Union, MMS,
BBN, Greeneridge and LGL in 1985. Some of the recordings of industrial noise
obtained by Greeneridge and LGL in 1985 were used by BBN. This cooperative
process will be facilitated by the fact that LGL is a subcontractor to BBN
for parts of the BBN/MMS site-specific noise study. '




Procedures for Measurements at Various Distances
i

We propose to recordicomposite sounds at several standard distances from
the drillsite (approx. ;0.2 to 15 km) wusing high-quality calibrated
hydrophones deployed froméa boat drifting quietly. These data will provide
systematic information about the received levels and spectrai characteristics
of the noise at variouslﬁistances and bearings from the urillsite, and at
various depths in .the water column. The data will be acquired in ways
directly comparable to those used in previous related studles in the Alaskan
and Canadian Beaufort SeJ. However, several procedural reflnements are also
proposed in order to imorove the consistency and 1nterpretab111ty of the
results. Also, if a suitahle boat 1s not always available,ior cannot travel
far enough from the drillsite (see 'Logistical Problems' below), sonobuoys

dropped from an aircraft can prov1de some of the necessary data.

Replication. The measurements at various distances &ill be repeated,
logistical arrangements oermitting, on at least three days and on at least
three azimuths (north, east and south of the drillsite). &f possible, data
will also be acquired togthe west of the drillship, although this is a lower
priority considering thé direction of travel of whales! in autumn. This

replication will provide?information on temporal and spatial variability in
the sounds and in propagation~conditions.
i

Standard Measuremenk Distances. The specific distances from the

drillsite at which sounds will be measured are not cr1t1ca1 as long as they
can be measured accurately. Accuracy will be maximized by | choosing a serles
of distances that match ﬁhe range rings on marine radar displays (e.g. 0.1,
0.2, 0.5, 1, 2, 4 and &‘nautical miles, equaling 0.185 to 14.8 km). This
series of ranges 1is cohsistent with those used in most of our previous
related work. If the }'sound boat' is not equipped |with radar (see
'Logistical Consideratious'), the position of the sound boat will have to be
determined through radiofreports from a radar observer aboard the drillship
or other vessel. An opt;cal rangefinder will be used on the sound boat for
ranges less than 1 km. ] |
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Hydrophone Depths. At each distance from the drillsite, a vertical

string of three high-quality, calibrated, broadband hydrophones (ITC Model
6050C) will be used to obtain simultaneous measurements at three depths (9 m,
18 m, and 5 m above the bottom). By comparing simultaneous rather than serial
‘measurements at three depths, there is no possibility that temporal changes
in sounds might be misinterpreted as depth effects. The hydrophone string
will be suspended below a spar buoy, which eliminates most of the vertical
motion that wave action would otherwise cause. It also isolates the
hydrophones from the pitching motions of the ©boat. The spar buoy
approach is very important in order to reduce spurious noise. It 1is also

important to use a fairing with the vertical string to eliminate cable
flutter.

The standard string of three hydrophones will obtain data at depths 9 m
and 18 m below the surface, and 5 m above the bottom. The 9 m and 18 m depths
are proposed partly because these are the hydrophone depths used in most
previous measurements of industrial noise in the Beaufort Sea. Received
levels are known to depend somewhat on the depth of the hydrophone (e.g.
Greene 1985; Davis et al. 1985), so it is important that the hydrophone
depths used in this study be consistent with those in previous related
projects. The 18 m depth is also appropriate because it is mid-way between
the surface and bottom. Furthermore, use of a hydrophone at 18 m will provide
data comparable to those from the sonobuoys mentioned later in this proposal;
the 'shallow' depth setting on standard sonobuoys provides measurements from
18 m depth. The '5 m above bottom' hydrophone will be used in order to

provide data from the same depth as will be used in the array of hydrophones

proposed later.

We do not propose to measure received levels just below the surface
(e.g., at 3 m depth), even though we have acquired data at 3 m in some
previous projects in the Beaufort Sea (e.g. Greene 1985). It is difficult to
obtain reliable data at such shallow depths, since wave action causes
strong pressure transients. Theory and previous studies in the Beaufort Sea
have provided information about the relationships between hydrophone depth,
frequency, and received level. If estimates of received levels are required

for 3 m or some similar shallow depth, these figures can be obtained most
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|
|

reliably by considering'?easuremqnts at 9.m or 18 m aloﬁg with existing

knowledge about the depth dependence of sounds at the relevaht frequency.

|

. Recording Procedures. At each measurement station, we will record for
' !
at least 3 minutes. If the sounds are obviously variable or 1if there is

intermittent interference': from other noise sources (e.g. ééismic vesséis),
thé>recording period yill be_extended to 5 min or more if it abpears likely
that this will help'in acquiring represéntative data. Theisignals from the
three hydrophones will %e recorded on three channels of a calibrated
4-chénnel Fostex Model 254 tape recorder; the fourth channel will be used for
voice announcements. Thig.type of cassette recorder operates: at twice the
normal cassette recorder |speed, and provides useful data from 20 Hz to at
least 18 kHz. | :
| |

The Fostex tape recorder response is flat within + 2 ﬂB over. the range
50 Hz to 18 kHz, and adeﬁuate at frequencies as low as ZOTHZ. The anaiysis
system corrects for uneven frequency response. Each hydrophone and tape
recorder will be indiv#dually calibrated . for this .siudy. The actual
sensitivity of each,hydr?phone and tape recorder at each.frequency is takep
into account by Greeneri%ge's analysis. procedures, which %nclude correction
for frequency-dependent variations .in the sensitivity of tﬁe tape recorders,
hydrophones, and other electronic components. This refined approach <to

calibration data has also been used in all previous 'acoustic studies

| |
@.

conducted by Greeneridge Sciences in the Beaufort Sea.
Detection of Changeé\in Source Level During_Measurement Series. It will

’

require about 2-3 houfé to acquire a series of noisé measurements at
various ranges out to 15 km ftoﬁ. the drillsite. During;‘a 2-hour period,
activities aboard the dr%llship may change, and the positigns and activities
of support vessels,are_vgry likely. to change. Throughout each of these 2-3
hour measurement periods, we propoée . to | monitor &nderwater sounds
continuously at one or;t%o fixed locations in order  to détect and.qdantify
.temporal changes 1in tAe sounds that might. otherwise{.be mistaken for
propagafion-related eff%cts.‘ This refinement has not peeﬁ used in any
previous study in the B%aufort Sea. This approach should ﬁe very helpful in

resolving the reason fér any irregularities 1in the reiationship between
. ‘ ‘
4
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received levels and distance, e.g. irregularities such as that in the
Explorer I data in Figure 1. If the sound levels recorded at the fixed
location change during a measurement series, it may be appropriate to adjust
the levels received at the sound boat upward or downward by corresponding
amounts in order to estimate the levels that would have been received at each

measurement station if the source level had remained constant.

The array of hydrophones described later, under 'Acoustic Monitoring of
Bowheads' (Subtask 4), will provide one source of continuous sound data from
locations several kilometers from the drillsite. Array data will be analyzed
for the times when the sound boat made recordings at the various measurement
stations. We will also acquire continuous data from a closer site, using an

acoustic buoy of the same type as in the array, but moored about 1 km from
the drillship.

Propagation Conditions. Conductivity-temperature-depth (CTD) profiles

of the water column will be acquired at the drillsite and at the most distant
measurement station along each measurement azimuth. This will be done on each
day when measurements are made at various ranges from the drillsite. A
Hydrolab CTD instrument will be used. From the CTD data, sound speed profiles
and theoretical ray paths will be calculated (e.g. Greene 1982, 1985) These
data will be important in recognizing and evaluating temporal and spatial

variability in propagation conditions.

Use of Air-Dropped Sonobuoys. A boat suitable for acquiring these noise

measurements may not always be available. Even when it is available, it may
not be able to travel as much as 15 km away from the drillsite and its
support vessels (see 'Logistical Considerations', below). Presence of ice
within 15 km may prevent the boat from reaching the most distant measurement
station(s). In these circumstances, the aircraft to be chartered for
behavioral observations can be used to drop standard naval sonobuoys at one
or more of the standard measurement stations. The aircraft will, in any case,
be outfitted to drop sonobuoys near whales (see Subtask 5, later), so no

additional equipment will be needed in order to use sonobuoys to supplement

boat-based measurements.
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| |
We will use standard AN/SSQ-57A sonobuoys (Sparton Electronics or

Fheir hydrophones to 18 m depth and'to operate for

8 hours. These sonobuoys operate reliably when the water depth exceeds about

equivalent) set to deploy

20 m, as it does near Conona. (We will also have available gsome specially-
constructed -57A sonobuoys set to deploy their hydrophones tp only 9 m depth,
in case it is necessary td measure sounds in.water shallower than 20 m.) The
useful frequency response;of these buoys is from 10 Hz tonO kHz, and they
are individually calibratéd. The sounds detected by the sonobuoy hydrophone
will be broadcast by the sonobuoy's radio transmitter. lhese telemetered
signals normally will be received and recorded by calibrated equipment aboard
the project aircraft (same equipment and procedures as used by Greene 1985).
The aircraft will circle at least 2 km away from the sonobuoy while recording
sonobuoy signals in orden to avoid contaminating the underwater sound field
with aircraft noise (Greene 1985). It may occasionally be possible to receive
and record the sonobuoy signals aboard a vessel 1if one is‘within telemetry
range.
| |

The sensitivity of scnobuoys is far from 'flatf; they are designed to be
much more sensitive to high than to low frequencies. Thefdigital analysis
procedures used byb Gre%neridge Sciences make use of each sonobuoy's
calibration data to correct for the highly uneven frequency response. Useful
quantitative data on sound levels and characteristics cannot be acquired from

standard sonobuoys unless\this adjustment is made.

Analysis of Acoustical Data. Sounds recorded at each location and water

depth will be analyzed lin the Greeneridge Sciences laboratory using the
computerized acoustic anilysis system described by Greene (ﬂ985) and Davis et
al. (1985). Recorded.sodnds are digitized with a 12-bit analog to digital
converter and subjected do power spectrum analysis on Hewlett Packard 9816 or
Vectra computers. This ‘analysis procedure produces information about the
intensity of the received sounds at each frequency of interest. The results

will be presented as

- power spectra, which are graphs of intensity in each 1 Hz band vs.
frequency,



- 1/3-octave band levels, for consistency with some previous studies and
for use in 'zone of potential influence' analyses, and

- overall level in various one-octave and other broad bands, including
20-1000 Hz for consistency with our previous studies.

In addition, if some of the sounds vary considerably over short intervals
(e.g. <5 s8), we will include waveform data showing pressure vs. time, or

'waterfall diagrams' showing changes in both frequency and intensity over
time.

The computerized analysis system takes full account of the calibration
data for each component of the recording system, i.e. the hydrophone and tape
recorder in the case of conventional boat-based measurements; the sonobuoy,
receiver and tape recorder in the case of the sonobuoy system. The analysis

system does not assume flat response across all frequencies.

The analysis system can be instructed to process a variety of frequency
bands, and to average over a variety of times. For low frequency analyses,
our normal procedure will be to process data at frequencies up to 1000 Hz;
each analysis will average over 32 seconds, and the resolution will be 1.7
Hz. The analog to digital converter will sample the recorded data 65,536
times in each 32-s segment. We plan to analyze four 32-s segments of data
from each measurement station and depth. This will provide an averaging time

of 2 minutes, but will also provide information about the variability of the

sounds within that 2-min period.

For higher frequency analyses, we propoée to process data at frequencies
up to 8000 Hz. In this case, a higher sampling rate is necesséry; the 65,536
samples used in each analysis will be acquired over 4 seconds, and the

resolution will be 3.4 Hz. Again, we propose to obtain four replicate
measurements for each station and depth.

The ability of the Greeneridge analysis system to average the results
from several short segments of recorded data will probably be very important
in this study. It is very common for underwater sound recordings in the

Beaufort Sea to be 'contaminated' by strong noise pulses from distant seismic
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vessels at 10-15 second iﬁtervals. In this situation, we will analyze several
'between seismic' segmenté of sound from each station and depth, and average
the results. | '
! i
The results of these analyses will be used to document the distance,
bearing and depth dependeﬁce of the received industrial soudds. The data will
be tabulated and graphedjin the report. They will also be used to develop
beet-fitting sound propagation models for the Corona area. We recommend that
Shell authorize us to co%rdinate this effort with the reldted work that may
be done by BBN Laboratories on behalf of MMS. BBN was not able to develop a
sound propagation model for Corona in 1985, but they may do so in 1986. We
will investigate whether the general type of shallow-water’ sound propagation
model that they developed for other sites in the Alaskan Beaufort Sea during
1985 is appropriate for borona. If so, we will coordinateTwith BBN so that
all available data can be used to derive the best p0531ble estimates of the

model's various parameteﬂs. . |

|
The detailed analyées outlined above will be donme in the Greeneridge

laboratory after the field season, based on underwater éounds recorded on
calibrated equipment. Hdwever, the HP Vectra computer analysis system is
transportable, and we péopose to use it for near-real-ti@e processing of a
subsample of the recorded industrial sounds aboard ship at Corona. This
'quick-look' capability will ensure that there are no unrecognized problems
in the field recording p%ocess. If problems are detected, Ehe field aﬂalysis
capability will assist ;us in recognizing and eliminating them while the
fieldwork is still under&ay. _ [
i

2. Variationé in General Industrial Noise over.Time
. 1 i

Background and Rationalef
|

{

Subtask 2 is designed to document the range of variability of underwater

b
f
|

noise near Corona, end to examine which factors‘ (industrial and

environmental) are respon51b1e for this variation.' Aé noted earlier,

operating drillships ére accompanied by various other vessels. The

activities and relativejpositions of these vessels vary o&er time. Thus, the

noise levels reaching any given location near the drillsite can be expected
| .
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to be quite variable as a result of changes in the industrial operations.
Variations in natural noise levels will also contribute to the variability in

overall noise level if the measurement location is far enough from the noise

sourcese.

The only previous detailed measurements of the variation in
underwater noise levels near a drillship were obtained near Explorer II as it
operated at Hammerhead, mnorth of Flaxman Island, in 1985 (LGL and
Greeneridge, in prep.). Noise levels reaching hydrophones 10-11 km east of
the drillship varied markedly over 8 days of.hourly measurements. These data
were acquired in the 5 to 13 September 1985 period, before bowhead migration
past the drillship began. The data were acquired during a period when ice
conditions near the drillship were 1light and 1little icebreaking was
underway. The data acquired in 1985 are useful as a guide to the range of
variability that may be expected at Corona. However, actual noise levels to
be expected at Corona in mid~-late September and early October may be
different, and possibly more variable, due to differences in weather and
ice conditions, increased icebreaking activity, and site-specific or

seasonal differences in sound propagation.

The only other detailed measurements of variability in noise levels near
an industrial site in the Beaufort Sea were those acquired by bottom-mounted
hydrophones near two artificial islands northwest of Prudhoe Bay in 1984
(Seal 1Island; Davis et al. 1985) and 1985 (Sandpiper Island; LGL and
Greeneridge, 1in prep.). These‘ data also showed that there are very wide
variations in noise levels near industrial sites in the Alaskan Beaufort Sea,

and that much of this variation 1is attributable to changes in industrial
activities at or around the sites.

These results indicate that the noise emitted by some oil industry sites
is highly variable. Carefully designed but brief measurement programs can
provide useful information about relative 1levels at different distances,
bearings, and depths. However, the range of variation of the noise cannot be
characterized adequately by observations at one time, or even a few times.
Longer-term measurements at one fixed measurement station are needed to

characterize this variability. Such data, along with occasional measurements
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of relative levels at djfferent distances and bearings ‘(see Subtask 1,
above), provide a practﬂcal way to understand the temporal and spatial

variation of the noise fi%ld around a drillsite.

|

Relationship to BBN/ﬁMS Site-Specific Noise Study. The' BBN/MMS study is

not designed to documentllong—term variability in the noiée emanating from
any one site. Observations at each site are acquired for oniy a few hours on
one or two days before tﬂe investigators must move to a different site.’In
1985, the lack of long—te}m measurements was recognized as a significant but
unavoidable data gap in that study. In 1985, it was agreed amongst Shell,
Union, MMS, BBN and ourgelves that we ﬁould be responsiﬁle for acquiring
these types of data for Explorer II at Hammerhead and for %andpiper Island.
We assume that the situaﬂion at Corona in 1986 will be analogous to that at
Hammerhead and Sandpiper in 1985, and that the present project should acquire
the necessary data on temporal §ar1ability in uhderwaterlsounds near the
drillsite. | |
| |

Procedures for Long-Term Measurements

Hydrophone Deployment. The exact position of the hydrophone to be used

for the long-term measurqments is not critical, as long as it is at a fixed
location within the radius where industrial noise levels are expected to
exceed ambient levelé muéh of the time. Industrial noise lévels are expected
to exceed average ambienf levels out to ranges well in excess of 10 km from
Corona (e.g. Fig. 1). Weipropose to obtain long-term data from two stations:
one location several kilhmeters east of the drillship, a;d another within
about 1 km from the déillship. These hydrophones will also be used in

Subtasks 4 and 1, respect}vely. _

Under Subtask 4, beiow,'we propose to establish a bottom-anchored array
of five hydrophones sevefal kilometers east of Corona, si@ilar to the array
established east of Hé;merheéd inv 1985. The primary ‘purpose of this
hydrophone array will bﬂ to listen for calls from bowhead whales and, whén
bowhead calls are detectgd,bto locélize the whale (see Shbtask 4, below).
However?‘one or more of Qhese hydrophones can also be used Fo obtain repeated

measurements of noise le?els and characteristics. These hydrophones will be
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monitored during the bowhead migration season, ideally for several weeks.
Sounds detected by each hydrophone in the array will be telemetered to a
receiver aboard one of the ships operating at Corona, and recorded on a
multichannel tape recorder. Details are given under Subtask 4, 'Acoustic

Monitoring of Bowheads', below.

As explained under Subtask 1, we also propose to deploy one hydrophone
much closer to the drillship, probably about 1 km away. For purposes of
Subtask 1, this hydrophone will be used to determine whether industrial sound
characteristics change within the various 2-3 hour periods while measurements
are being made at various distances. However, the signals from this buoy can
also be recorded continuously on the same multichannel tape recorder that
will be used to record signals from the hydrophone array. This will provide a
set of long-term data from a location close to the drillship, where noise

from the drillship will dominate the sound field much of the time.

Documentation of Industrial Activities and Environmental Conditions.

To interpret the variations in noise levels received at the hydrophones, we
will obtain detailed records of the activities and movements of the vessels
operating near Corona. One member of our crew stationed aboard vessels at
Corona will acquire these records, coordinating with Shell's drilling
contractor. For each hour, we will need to document the activity of the
drillship, plus the activity and 1location of each associated vessel.
Activities of interest will be those that might affect the level and spectral
" characteristics of underwater noise, e.g. whether the drillship is drilliné,
logging, running casing, etc.; number of generators operating aboard
Explorer 1II; occurrence and position of icebreaking; locations and engine
speeds of all vessels in the area. Since wind speed, wave height, and ice
conditions all affect ambient noise, these environmental variables will also

be recorded on an hourly basis.

Helicopter traffic between Prudhoe Bay and the.drillsite will not pass
near the hydrophone array east of Corona. 1t is well established both
theoreﬁically and empirically that noise from aircraft is not detectable in
the water more than a few hundred meters away from the helicopter's path

(Urick 1972; Greene 1985). Hence, helicopter sounds will not contribute to
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the sounds recorded by ithe array. However, helicopter fsounds may well
contribute on an occasional basis to the sounds recorded by the_hydrophone'
near the drillship.  Hende, the exact times of arrival and departure of
‘ . i
helicopters will be recorhed, along with helicopter type. When possible, we
will also record the estimated lateral énd vertical distances of closest

épp:oach of the helicopteﬁ'to the hydrophone.

Analysis of Long-Terﬁ Acoostical Measurements. Following the procedure

at Seal Island in 1984 and at Sandpiper Island and Hammerhead in 1985, we.
propose to analyze one nolse sample pe; hour from each of ;he two long-term
hydrophone stations (arr%y and near drillship). Hhen pos%ible,,eaoh noise
sample will be 32 seconds in duration. However, if seismic pulses are being
received, a number of sho%ter 'between seismic' samples will be analyzed and
averaged. The spectral aﬁalysis procedures will be done wﬁth Greeneridge's
computerized acoustic anolysis system in the same manner as described for

Subtask 1, above.

o |

The results for each;hour and locétion will include the power spectrum,
the received level in eaéh 1/3-octave and one-octave band{ and the received
levels in various broader bands including the 20-1000 Hz band. These hourly
data will be accomulate& in disk files for subsequent isummarization and
analysis. Summary statisJics will include, for eaoh frequeocy and each band,
the levels excéeded 95%,;50% and 5% of the time. These statistical data will
be in the same format ias in the Seal Island, Sandpiper 1Island., and
Hammerhead studies. The poise statistics froﬁ the array Qill bé comparable

with the Hammerhead data, which were collected a similar dlstance from the

drillsite and in a similar water depth. |

Tﬁe levels received at the two locations during each hour will also oe
examined relative to activities and environmental v;riables at the
drillsite. This will %e done wusing simple - and multiple correlation
techniques. Industrial Ectivity varlables will 1ncludel the presence or
absence of drilliﬁg, oéher activities 1in the ygll, 'numPeF of generators
running aboard Explorer ll, occurrence of icebreaking, and distance from the
hydrophone to the closeét vessel. The multiple correlati&n_methods will be

used to assess how much of the hour-to-hour variability in the received noise
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level at each location can be attributed to each of the industrial and
environmental variables. These multiple correlation analyses will be done

separately for the two hydrophone locations, and for various noise bands.

We hypothesize that sound levels at the nearer station will be dominated
by industrial noise most or all of the time, and that activities aboard the
driilship itself will be strongly correlated with the received noise level.
The sound levels at the distant station will often be dominated by industrial
noise, but this may be from either thé drillship or other vessels. Also,
sounds at the distant station may show some correlation with environmental
variables, since ambient noise levels in certain bands may exceed industrial

noise at times when there is much wave or ice action.

3. Contributions of Icebreaker and Other Vessels to Composite Noise

Background and Rationale

-

Subtask 3 is designed to obtain direct measurements of the noise levels
and spectral characteristics resulting from each of the major vessels and
industrial activities at Corona. This subtask is complementary to Subtask 2.
In Subtask 2, variations in the composite noise field will be measured, and
correlation methods will be used to assess which industrial and environmental
variables seem to be most responsible for the noise and for its variability.
Subtask 2 will be valuable in understanding the characteristics of the
overall noise field. However, in the absence of experimental control, the
correlation methods to be used in Subtask 2 probably will not be able to
determine the relative contributions of some industrial and environmental
variables to the overall noise field. In éubtask 3, we will make direct
measurements of the noise emanating from each major vessel at Corona during

different operating conditions.

Besides the drillship, the major vessels operating at Corona will
include supply ships and the icebreaker 'Robert Lemeur'., Some information on
levels and spectral characteristics of sounds from supply vessels was

obtained in the Canadian Beaufort Sea by Greene (1982, 1985). However, a
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|
detailed investigation of supply ship sounds was not within the scope of that
study. A preliminary investigation of sounds from the »iJebreaker 'Robert
Lemeur' was 'done on 21 éctober 1985 as this ship bque ice at Corona. A
sonobuoy was deployed fromithevship, and then the vessel mo%ed away from the
buoy breaking ice as it weéent. Sounds received at the sonobﬁoy were recorded
at ranges up to 4 km (Greéneridge in prep.). However, it was not possible to

obtain measurements’ of the noise from Robert Lemeur at different aspects or

under different operating conditions. More extensive data- on icebreaker
sounds have been obtalned in the Canadian High Arctic (Finley et al. 1983,

|
1984; Thiele 1984) and in the Baltic'® (Thiele 1981). The designs of the

icebreakers involved in ithese Canadian and European studies were quite

different from the design!of Robert Lemeur. ;
Page '5 of the RFP implies that the contribution of helicopter sounds to
| ‘

'd at Corona should be considered.. The underwater

sounds of a Bell 212 helicopter passing overhead at various altitudes were

the composite sound fiel

studied by Greene (1985)ﬁ He also obtained -limited data on sounds from Bell

214 and Sikorsky 61 heliéopters. Although there is undoubﬁedly considerable

additional information iJ”claséified sources, we know of 40 other published

data on underwater sounds| from helicopters. However, the theory of air-water

- I v . .
transmission of sound is well developed, and there are a few publications on

underwater sounds from fixed-wing aircraft. In general, sounds from aircraft

at low—medium altitude ére not detectable underwater more than a few hundred

|
meters to the side of the[flight path. o !
' P

Relationship to BBN/MMS Site-Specific Noise Study
| , o
|

‘The 1985 phase of the BBN/MMS study did not- acquire data on noise from

the drillship Explorer. fI supply vessels, icebreaking, or helicopters. If
BBN proposes to acquire‘ any of these types of data in ‘1986 we plan to
coordinate our efforts with theirs. The aim will be to avoid unnecessary
duplication and to maximize the variety of vessels and industrial activities

whose sounds are recorded by either ‘ourselves or BBN.
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Procedures .for Measurements of Noise from Specific Vessels

We plan to document the sounds emanating from the drillship Explorer

II, the icebreaker Robert Lemeur, and the two major support vessels. We will

also document the underwater sounds from some of the helicopters that fly to

Corona.

General Approach. The primary requirement in this subtask will be to

obtain measurements at locations close enough to each vessel of interest, and
far enough from other vessels, that the underwater sound field will be
dominated by sounds from the target vessel. To confirm that each frequency
component is actually from the target vessel, it will also be necessary fo
obtain measurements from at least a small range of distances, for example
0.185 to 1.85 km (0.1-1 nemi.). Sounds from the target vessel will diminish
markedly in level (by 10-20 dB) over this range, whereas any 'contaminating'

sounds from distant sources will not change appreciably.

Sounds at various distances from the drillships will be recorded as part
of Subtask 1. The measurements at long distances from the drillship will
represent composite sounds from all vessels in the area, but the measurements
closest to the drillship will represent drillship sound per se. The
measurements specified in Subtask 1 will be obtained on at 1least three
different days and on three different aspects. If these days do not encompass
all of the main operating modes of the drillship, we will attempt to obtain
additional series of measurements at close ranges (0.185-1.85 km) if
logistical arrangements permit. However, these additional measurement series
will not be essential. The hydrophone that we propose to deploy near the
drillship on a long-term basis (Subtasks 1 and 2) will provide continuous
data from a location where the underwater noise 1is expected to be dominated

by drillship sounds.

The modes of drillship operation to be compared will depend on the
activities of the drillship during the field season. We hope to measure
sounds during times when the ship is drilling, raising and lowering the drill
string, running casing, well logging, and inactive. We also hope to compare

sounds during times when different numbers of generators are operating.
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Explorer II has seven generators, but the number.operating at any one time is
variable. The drillship Jlso has thrusters, which are occasionally used to
repel ice from alongside the ship. Thrusters on a supply ship have been shown
to produce strong tonal sounds (Greene 1982). We will attempt to compare

sounds during periods when the drillship's thrusters are acqive and inactive.

" Sounds from vessels underway in open water (supply vessels and
icebreaker) will be studihd by positioning the recording hoat ahead of the
approaching vessel and record1ng sounds as the vessel approaches, passes, and
moves away. We will coordinate with the vessel to arrange for it to pass
about 100 m to the side| of the sound boat. This will provide data from
various ranges at both bow and stern aspect, plus data from beam aspect at
range 100 m. It should? be possible to make these measurements without
requesting the industry ;vessels to make more than mino% adjustments in
course. These measurementss will be made at places and times when the target
vessel is the only vessel%within a few kilometers of the sonnd boat.

’ |

We will also record?underwater sounds near support vessels engaged in
other typical activitiesj including idling, operating thrusters, and moving
drillship anchors. ‘ -

It will be importand to obtain detailed information ahout the machinery
operating aboard the vessels at the exact times when itheir sounds are
recorded. These data shduld include the rotation rates of engines, gener-
ators, and other machinery. The freqnencies of tonal so?nds are directly
related to the rpm figures for the machinery creating those sounds. By
finding matches between #pm data and tonal frequencies, we will be able to
identify the specific machinery responsible for some souhd components. To
further facilitate this process, we will use a udcrophone and high-quality
Sony TC-D5M tape recorder to record airborne sounds near machinery such as
generators, drawworks, mdd pumps, and rotating platforms. By analyzing these
sounds and determining their tonal components, we‘ will have additional
information with which to document the specific sources of tones detected in

H
1

the water. \ ‘ . ‘
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Icebreaking Noise. Assuming that ice 1is present near Corona during

parts of the study period, noise from a variety of icebreaking operations
will be documented. The 'Robert Lemeur' is expected to be the main vessel
involved in icebreaking. However, other support vessels may also participate
in ice-management operations, and we will attempt to document sounds from any
vessel engaged in icebreaking neaf Corona. Ideally, we would acquire these
data from a quietly drifting 'sound boat'., For comparative purposes, it will
be important to document sounds as the icebreaker moves forward in open
water, moves forward continuously through thin ice, and moves forward and

back to break heavy ice.

The most intense icebreaker noise is likely to occur when the icebreaker
is in the bollard condition, i.e. pushing against heavy ice with full power
but zero forward speed, or when it is reversing (Finley et al. 1983, 1984;
Thiele 1984). Noise levels and spectral characteristics will be high and
quite variable as the vessel cycles through the sequence forward motion into
ice, the bollard condition, reverse pitch to back away from the ice, and
return to forward pitch to repeat the cycle. We will attempt to record sounds
continuously through several of these cycles, including measurements at both

stern and beam aspects.

Ice conditions at Corona may not require the icebreaker to engage in all
of these activities during our field period. If so, we will coordinate with
Shell and the drilling contractor to determine whether the icebreaker could
move some distance away from Corona to perform these kinds of icebreaking

operations for purposes of the sound measurements.

Measurement Procedures. Sounds of specific vessels will be recorded

from the sound boat using a string of three hydrophones at 9 m, 18 m and '5 m

above bottom' depths, as in Subtask 1.

Use of Sonobuoys. No small vessel suitable for use as a sound boat may

be available at the times when some of these measurements need to be
acquired. If so, data about sounds from specific vessels will be obtained by
using the project aircraft to drop one or more sonobuoys at required ranges

from the target vessel (procedures as in Subtask 1). Alternatively, the




|
sonobuoy can be deployed and monitored from the target vessel itself, as was

done for the preliminary study of icebreaker sounds at Corona in 1985. The
sonobuoy approach may be necessary in heavy ice conditions. in which a small

|
'sound boat' could not operate. . ‘

Wé recommend the use;of the sound boat rather than sonobuoys whenever
possible. Standard sonobdoys have several limitations. Th%y overload when
they receive strong sounds from a nearby vessel.w They ijdeploy only one
hydrophone to one depth [(normally 18 m)._Their distances;from the target
vessel may be difficult éo measure precisely. Nonetheless,:valuable data on
levels and spectral char#cteristics of sounds from specific vessels can be

obtained by sonobuoys if this approach proves to be necessary.

Measurements of Helicopter Noise. We will measure theiunderwater sounds
from helicopters that aré supporting the drilling operatidn at Corona. The
sound boat will be preéositioned along the route that a helicopter is
expected to fly. The boat?will be stationed as far from the vessels at Corona
as possible in order to minimize 'contamination' by véssel noise. The
helicopter pilot will be requested to alter course slightlf when he sees the
boat in order to pass %irectly over the boat. Thus, useful data can be
acquired without requiring the helicopter to alter its normal route
appreciably. l_ i

More comprehensive information about helicopter sounds will be obtained

if it.is practical for a helicopter to make several replicate passes over the

!

sound boat on one or more days. If sufficient helicopter time is available,
"we recommend that threefpasses be done at each of several altitudes: 500,
1000; 1500 and 2000 ft.{These are the altitudes used in the one previous
systematic measurement of helicopter noise that has beenireported (Greene

1982, 1985).

The string of three;hydrophones will be used to recbrq helicopter noise
at depths 3 m, 9 m ané 18 me The 9 m and 18 m hyd;bphone depths are
consistent with depths us;d for other proposed meaSufements; The 3 m depth is
recommended because heliéopter sound, unlike véssel éoundi will be stronger:
and detectable at greate% range just below the surface tﬁan deeper in the

i
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water column (Urick 1972; Greene 1985). The selection of 3 m, 9 m and 18 m as
the recording depths for helicopter sound is consistent with our previous

measurements of helicopter noise in the Beaufort Sea.

Analysis of Vessel-Specific Sounds. Sounds from the various ranges,

aspects and hydrophone depths will be analyzed by Gfeeneridge's computerized
acoustic analysis system, as described in Subtask 1. Results will include
power spectra along with levels in 1/3-octave bands and various wider bands.
In the case of rapidly changing sounds, e.g. when the icebreaker changes
propeller pitch, waterfall diagrams of frequency and intensity vs. time will
be prepared. The levels for each band and each prominent tone will be
examined relative to distance from the target vessel to confirm that each of
these sound components originated from the vessel under study. To facilitate
comparisons of noise from different vessels and operating conditions, levels
received at each frequency and in each band will be converted to estimated

levels at a standard distance of 100 m.

Sounds from helicopter overflights will also be analyzed by
Greeneridge's system to determine power spectra and levels in various
bands. Short averaging times (typically 4 s) will be used because received
levels will change rapidly as the helicopter approaches, passes over, and
moves away. Waterfall diagrams similar to Figure 7 will be prepared. By
averaging the sounds received during the 4 s when the sounds are most intense
(i.e. when the helicopter is passing overhead), the results for helicopters

will be directly comparable to those of Greene (1985).

4. Acoustical Monitoring of Bowheads

Background and Rationale

Recent studies at Point Barrow during the spring migration of bowheads
have demonstrated that bowhead calls can often be detected when no bowheads
can be seen visually, and that the positions of many of these calling whales
can be determined by acoustic localization techniques (Beeman et al. 1985;
Cummings and Holliday 1985). The advantages of the acoustic method are that

it can detect and localize some whales in darkness, on foggy days, under ice,
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and at distances exceeding those to which bowheads can be seen visually. On
the other hand, the acoustic method suffers from some limitations as well., It
cannot detect a whale unless the whale calls, and it cannot determine the
number of whales present. It can only determine the path of motion of a whale
if that whale calls repetitively, and even then there may be ambiguity if
more than one whale was known or suspected to be calling in the same general
area. Thus, an acoustic monitoring and localization program has the potential
to provide valuable and otherwise unavailable data on the occurrence and
movements of bowheads near a monitoring location. However, it cannot provide

all of the necessary data on whales for a project such as this.

In 1984, a hydrophone array was installed near the Seal Island, an
artificial island constructed by Shell northwest of Prudhoe Bay, to monitor
for bowheads passing near the 1sland during the fall migration. The
hydrophones were on the bottom 1.65-2.5 km from the island. The sounds were
transmitted to the island along bottom cables. This site was in shallow water
(about 13 m) south of the main migration corridor. As gxpected at such a
site, only a few bowhead sounds were detected and localized (Davis et al.
1985). However, the acoustic monitoring effort did show evidence that a few
bowheads approached closer to Seal Island than had been detected by any other

method of study.

In 1985, an array of hydrophones was established 10-12 km east of the
Explorer II drillship while it was working at Hammerhead site, about 45 km
west of Corona and at a similar water depth. These hydrophones transmitted
the underwater sound data by radio to receivers aboard a ship at Hammerhead.
The array of hydrophones was established successfully in the relatively deep
water, transmitted their signals to the receiving ship reliably for 10 days,
and provided accurate localization information during tests with
non-biological noise sources (Greeneridge and LGL, in prep.). No bowhead
calls were detected by this array, which is consistent with the fact that no
bowheads were seen within 25 km of the drillship during intensive aerial

surveys around Hammerhead in 1985.
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Acoustic localizatioﬁ depends on the use of mult1ple\hydrophones. The
source of the sounds can Le determined based on time-of-arrival differences
at several widely—spaced hydrophones. 1In this approach, at least five
hydrophones are required | in. order to provide unambiguous ‘positlon-f1nd1ng
capability on all azimuths. (Fewer hydrophones are needed at Barrow in
spring, where the hydrophohes are placed along an ice edge and the whales can
be assumed to be in a 186° sector.) Another localization approach is to use
phase or other information;to determine the bearing of the source from two or
more hydrophone locations¥ and to locate the animal through triangulation.
These two approaches eacﬂ4have their own advantages and limitations. Both
approaches have been usei to localize bowheads and other}whales in recent
years, but the time-of-arrival method has been used in ‘the most recent
studies at Barrow and in éhe Beaufort Sea. | :
|

We propose.to estab?ish'an array of five hydrophones east of Corona
during this project, generally comparable to the system that was tested
successfully at Hammerhea& in 1985. The main purpose of thisiarray will be to
detect the presence, and poss1bly the paths of motion, of whales approaching
Corona. These data will be useful in themselves, and will also be helpful in
alerting the behavioral crew to the presence and locatiqns of whales. For
example, if whale calls are heard and localized during the night or early
morning, the behavioral c?ew will not have to search for and find bowheads,
but can instead proceed ﬁirectly to the whale location as, 6 soon as lighting
conditions are adequate Lor behavioral observations. For &his purpose, we
will have the capability of near-real-time processing of the hydrophone
signals in order to localize the positions of calling whales. The array will
also provide continuous time-series data on industrial sohnds-reaching its
fixed location several kilometers east of Corona. These data will be used in
Acoustic Subtask 2, the aﬁalysis of temporal variability in;industrial noise,
and the factors affectinglthis variability. |
‘ !

One of the major jfactors affecting the success of the acoustic
localization effort will be the amount of 'interference' by industrial noise
from the Corona area. Bowhead calls can be detected and localized only if
they are not masked by industr1al (or natural ambient) noise. Results from
Hammerhead in 1985 showedlthat industrial noise levels wereihigh at the array
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location 10-11 km east of Hammerhead. Masking problems can be reduced by
placing the hydrophones farther to the east of Corona. However, this may not
be very effective if there is also industrial activity at the Erik site, 32
km east of Corona, during the study period. Furthermore, if the hydrophones
are placed too far away from Corona, the relevance of the resulting data to
the Corona site will diminish. A partial solution to the masking problem may
be to place the hydrophones closer together than the 1 km spacing used at
Hammerhead. Anothér approach is to ensure that the signal processing system
is optimized to allow localization of calling whales at the lowest possible

signal-to-noise ratios.

We have made arrangements for Drs. C. Clark and Wm Ellison to
participate in the project as consultants in order to take advantage of their
experience with acoustic localization at Barrow and elsewhere. They will
participate in the design phase of this project when the optimal hydrophone
positions and spacings are being decided. This will allow the project to take
advantage of their experience with ice-mounted arrays at Barrow (in the
absence of industrial noise) as well as our own experience in designing,
deploying and using arrays near industrial sites in the Beaufort Sea in
autumn. In addition to obtaining their input dufing the design phase, C.
Clark will, after the field season, apply his sound localization system to
localize whale calls (and calibration signals) recorded by the array. In this
way, we will determine whether his éignal processing system has any greater
capability than the Greeneridge system to localize whale calls in the

presence of masking by industrial noise.

Relationship to Other Studies

The array proposed here will be a proven and relatively straightforward
design, very similar to that used at Hammerhead in 1985. It will provide data

needed to meet the objectives of the study, including near real-time

information about presence and locations of whales approaching Corona. This
effort will not duplicate the more elaborate but experimental system proposed
by Honeywell and outlined in an addendum to the RFP. Even if the Honeywell
system works successfully, it will not provide real-time data; the sounds are

to be stored on tape at the hydrophone stations until retrieved by a ship.
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Thus, we recommend that tﬁe proven system proposed here be operated in 1986
whether or not the experiﬁental Honeywell system is tested. If the Honeywell
system is proven successf&l in 1986, then a decision should he made regarding
use of a single, optimal ;ystem in any future year when agsimilar study is
-done. The optimal system ﬁor a future year might include elegents of both the
presently proposed system (e.g. telemetry of signals to ;allow real time
processing) and the 1:Honeywell system (more elaborate hydrophone
installation). , ’

The BBEN/MMS site-spécific noise study does not inc}ude any bowhead
. monitoring or localizatién effort, so there 1is no overlap between this

subtask and the BBN study.

1

Procedure for Acoustical ﬁonitoring of Bowheads

"
Buoy Description. EThe hydrophone array will consist of five moored

buoys. At each buoy, a hﬁdrophone sensor package will be buoyed up 5 m above
‘an anchor using a fairedgarmored cable to eliminate selffnoise from cable
strumming. The hydrophode package, adapted from a sonobuoy, will include a
low noise preamplifier tg nﬁnimize signal losses and noi%e induced in the
cable. The armored cable will be attached to a 40-m€ length of chain
extending over the bottom to a second anchor, where the battery housing will
be located (Fig. 8). Eaéﬁ buoy in the érray will be provided with batteries
sufficient for 60 days' operation. The power and hydrophope signal will be
carried 1in a taut-line,ffaired armored cable from the 5écond anchor to a
surface buoy containing the radio tramsmitter and antenna. The fairing will
minimize drag, reducing the effects of current. The surface buoy will be a
12-m long sparbuoy with the antenna 3 m above the water sufface._.The top of
the sparbuoy will house the radio transmittér electronics;and the vertical,
half-wave antenna. Thig configuration will provide _magimum immunity to

damage or loss from passing ice. The sparbuoy can be pushed aside or pushed

temporarily below the surface without suffering permanent démage.
| = N

We propose to experiment with the sparbuoy configuration in the Santa
Barbara Channel to assure adequate, low-angle radio signal transmission for
maximum range. The 3-m ‘height should obviate the need fpr antenna ground

|

| | |
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Figure 8. Sketch of a moored buoy (not to scale).




plane radials, which would otherwise protrude from the buoy and have to be
protected to prevent them from catching on passing ice floes.

| | |

The proposed buoy configuration 1is simpler than éhe one used at
Hammerhead in 1985 in thht there is no buoyant, subsurfaée buoy (Fig. 9)«
Also, the hydrophone is floated up a short distance above the bottom rather
than being on the cable between the bottom and the surface.  This arrangement
helps to minimize the risk of’ hydrophone damage from deepldraft ice floes.
The proposed system is also superior in its use of two 50—k; anchors, each of
which is heavier than the single Danforth anchor with lead clump used in
1985. [ | l

i | |

In our basic system we propose to use the hydrophones and transmitters
from standard Navy sonobuoys, as was done at’'Hammerhead in 1985. However,
instead of using parts ﬁrom production sonobuoys, we plan to use slightly
modified equipment provi#ed by the Sippican Cbrporation. | These components
will be identical to those used during the North Slope Borough's acoustic
census work in spring 19&5 (Beeman et al. 1985). The units proved superior
in reliability in that ‘application as compared to the 'sonobubys' used at
Barrow in 1984. The frequency response is quoted to be 10- 10 000 Hz with the
response down 3 dB at 10 Hz, flat from 30-5000 Hz, and a +15 dB resonance
response at 7.5-8.5 kHz. ' These units are like standard AN/SSQ-41B sonobuoys
in that individual calibr%tions are not normally provided. However, suitable
calibrations can be infer%ed from measurements -on many identical units. This

j .
equipment will be more than satisfactory over the range of: frequencies up to
2500 Hz planned for ohr recordings. In addition, ?e plan to make
simultaneous test rebordings from each buoy hydrophone siénal vs. the boat-
based 6050C hydrqphone ,?t the same depth. In that _wayL we can use the
'the 6050C to calibrate the response of the buoy

| o |

hydrophone/transmitter/receiver/recorder system.
i

calibrated response of

The installation l?cations of the buoys will be +easured with the
precision navigation system in use by the drilling contractor for positioning

the drillship and its anchors. The system provides position accuracies of

about 2 m and 1is compute}-based for real-time graphical dihplay of positions

and tracks. This method jworked very well at Hammerhead in 1985.
|
|
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|
|
Option for Direction-Finding Buoys. As an option; 1instead of the

single, omnidirectional: hydrophone from standard sonobuoys, we are
considering the wuse of components from newly—available three-channel
sonobuoys that include th% usual omnidirectional channel plﬁs two directional
channels. The signais in these channels are multiplexed over the same type
of wide—band FM channel used by thé standard sonobuoys. The audio frequency
band is limited to 10—2400 Hz. The advantage of these cémponents is that,
with appropriate signal knalysis, it is possible to comppte the direction
from which signals are being received at each individual buoy, independent of
data from any other buoy. Each buoy in the array Qill have the capability of
providing bearings to whéle calls. Thus, calling whales can be localized by
either of two methods——bﬁ the time-of-arrival differences a& different buoys,
as in the 1984-85 studies; or by triaﬁgulation of bearings from two buoys.
The latter approach has some of the same advantages as the system proposed by
Honeywell, but would require buoys that were little ﬁore elaborate or

expensive than the type dsed at Hammerhead in 1985.

Whale call localizaiion with directional sonobuoy sensors is untried,
but the equipment and téchniques have been in use by the Navy for 15 years.
This equipment was declassified two years ago. The physﬂcal design of the
buoys would be the same as that for theabasic system, and the omnidirectional
channel would provide the same data as the basic system. ‘Thus, there is no
extra risk in using the}components ftom.directional sonobﬁoys. The cost of
these components 1is lfttle more than that of standayd omnidirectional
sonobuoys and they may iﬁ fact be more readily available than omnidirectional
sonobuoys during the sumﬁer of 1985.

Array Configuration, The five-hydrophone array will be nearly identical

in configuration to the array used at Hammerhead in 1985. The pattern will
be a "+" sign with hydfophones at the north, east, south, west and center
positions. The,distancejfrom the center hydrophone to eacﬁ of the other four
hydrophones is tentatively proposed to be 1000 m, as in 1985 at Hammerhead.
However, the optimal hyd?ophone spacing and distance from Corona will be two

of the matters to be evaluated amongst Greeneridge, LGL, C. Clark and Wm
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Ellison during the design phase. The relative positions of the buoys will be

recorded to the nearest meter for use in the localization program.

Radio Receivers and Signal Recording. A single VHF antenna for all

radio signals will be installed as high as possible on the receiving ship.
Height is important for two reasons: (1) to allow the widest operating range
from the buoys, and (2) to minimize interference from structures on the ship
that may be between the receiving antenna and the buoys when the ship's
heading is not optimum. We require a clear signal independent of the ship's
heading and at ranges as great as possible. For line-of-sight radio
operation such as with sonobuoys, the rule of thumb is that radio range in
miles is the square root of twice the height in feet. Thus, for a 10 mile

range the antenna height must be 50 ft.

The antenna signal will be amplified and conditioned to provide quality
input signals to six receivers. (One receiver is for the buoy placed 1 km
from the drillship for purposes of Subtask 2.) In the basic system, a 7-
channel tape recorder is needed to read the six buoy signals plus one voice
announcement channel. In the system using directional sonobuoy components,
each receiver will demodulate and demultiplex its buoy signals into the
omnidirectional and two directional signals for recording. With 3 channels
for each of five buoys in the array, one channel for the near- drillship
buoy, and one voice chanﬁel, a 17-channel tape recorder will be required. It
will be operated at a tape speed adequate for FM recording over the 0-2.5 kHz

frequency band (9.5 cm/s). The voice channel will be used for annotation.

Array Calibration. It 1is imperative that the array localization

capability be calibrated. The effects of uncertainties in actual array
geometry, sound velocities, and multipath sound propagation effects can be
largely eliminated through calibration. Calibration will be achieved through
the use of an underwater sound projector (U.S. Navy model J-11) suspended at
depth 18 m from a ship with the precision navigation system installed. The
projector will traﬁsmit a bowhead call-like FM sweep signal, spanning
frequencies from 100-400-100 Hz in 2-3 seconds. The transmitted signal will

be prerecorded on an endless-tape cassette so it «can be projected
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repetitously for at least a minute to assure adequate reception at all five
buoys even if there is intermittent interference by seismic pulses. For
comparative purposes, the;tape loop will also include recordings of actual
bowhead calls. This willgpermit us to determine the localizétion accuracy of
the array system on actual calls as well as the 'ideal' test 'signal. These
types of projected test §ignals will provide better caliération data than
could be obtained by using noise from a ship at known locations. Ship noise
is continuous, whereas thé array is designed to localize souﬁceé of transient

or rapidly changing soundé.

Initially, after the array 1is installed and before migration begins,
calibration will be perférmed at many azimuths and-rangeséfrom the array.
Afterwards, a calibration:operation will be conducted at least once per week
from a position of opportﬁnity. After migration begins, calibration will not
be done without assurancé from native subsistence hunters that the sounds
will not interfere with their hunting for bowheads.

The calibration sighals received at the array and {recorded on the
support ship will be analyzed on site using the HP Vectra computer that will
be in the field for varfous near-real time analysis tasks (see Subtask 1,
above). This process wiﬂl reveal any unforeseen problems éarly in the field
seasons, when they can be addressed, rather than back in the lab when it is

too late.

1

Sound Monitoring. During whale migration, 'the array signals will be

monitored for bowhead cal}s on a 24 h/day basis. The tape Fecorder will also
be run 24 h/day. Detailed log books will be kept and voice track annotations
made of wunusual sounds heard and events seen. Hourly, detailed
meteorological and operat}onal notations will be made to support the study of
long~term variability in Ehe site noise (see Subtask 2, abo%e). When bowhead
calls are heard, the tapes will be analyzed off-line (so that no new incoming
data will be missed) to 4etermine bowhead locations.‘ Thés? will be reported
to the behavioral/aerial ‘survey crew to facilitate their efforts in locating
whales for behavioral observations (see Task II, below). The necessary
programs for sound localization by the HP Vectra computer were developed and
tested during the 1984 Séal Island and 1985 Hammerhead studies.



Before migration begins the array signals will be recorded for five
minutes per hour (rather than continuously) as part of the study of drillsite

noise variability. We propose to analyze these recordings on-site using the

Vectra computer.

. Array Signal Analysis. The hourly analyses power spectrum of industrial

noise reaching the array will be done as described earlier (Subtasks 1, 3).
The array signal analysis for call localization will be done two ways: using
crosscorrelation analysis by the Vectra computer on site, and using C.
Clark's minicomputer/array processor system in his lab. The crosscorrelation
approach has been described (Seal Island: Davis et al. 1985; Hammerhead: LGL
and Greeneridge, in prep.). Sounds recorded from each pair of buoys are
compared mathematically to determine the signal travel time difference for
each pair. The travel time for one pair of buoys defines a hyperbola of
positions along which the whale must have been located. The intersection
point of the hyperbolae defined by pairs of buoys represents the actual

position of the whale.

Clark's approach involves a form of magnitude crosscorrelation in which
sound spectral magnitudes are crosscorrelated to take advantage of the fact
that bowhead calls, for short periods of time, tend to be concentrated near a
single sinusoidal frequency. Clark's system provides for digital filtering
to exclude noise at frequencies other than those of the particular call being
processed. Calibrations for an array with similar hydrophone spacing to what
is proposed here resulted in range errors less than 37 and bearing errors
less than 0.3° for ranges to a maximum of 4.8 km. At greater ranges the
range errors will increase but useful measurements should be possible to at

least 20 km if calls are detected from that range.

As outlined in the 'Background and Rationale' section for this subtask,
localization results from the Greeneridge and Clark analysis systems will be

compared, and the data from the most sensitive system will be used.




5. Sounds Reaching Bowheads Whose Behavior is Observed

| | |

Background and Rationale

In order to interpret behavioral observations of bowheads in the general
vicinity of Corona, it i; important that the presence, leéels and spectral
characteristics of those sounds be determined. This cannot be done reliably
through use of propagatidn models or any other indirect means. Propagation
losses depend on a variet& of variables, including the vari%ble temperature/
salinity attributes of the water mass and changing ice conditions. No
existing or foreseeable p%opagation model will provide reliable data on the
detailed characteristics; of sounds reaching any spec%fic point many

i ‘ | . .
kilometers from Corona. Furthermore, the industrial sounds reaching whales

may come from a variety of sources, not just Corona (e.g. seismic vessels).

Thus, it is necessaéy to measure the sounds reaching;the whales whose
behavior 1is observed. Th&s can be done quite simply by aropping standard
naval sonobuoys from the observation aircraff. This approacﬁ has been used in
most previous MMS- and inqustry-funded studies of bowhead bghavior.

| |

Relationship to Other Studies

Data on sounds reacﬁing the specific whales observediby the behavioral

crew must be obtained simultaneously with the behavioral observations. Thus,
no other study could duplicate this effort. The recorded sonobuoy data will
be analyzed using Greeneridge s computerized acoustical analysis system, as
used for the other acoustical components of this study. The results will be
directly comparable to those acquired by hydrophones or; sonobuoys during
other phases of this prdject, and in other related studies (received power

spectra, 1/3-octave band ﬁevels, and broadband levels).

Proposed Methodology

| ]
The methodology for acquiring and analyzing acoustical data via
sonobuoys is explained under Subtasks 1 and 3, above. The application of this

approach to the task of documenting the noise exposure of whales is discussed

under Task II, Behavioraﬂ Studies, below.



48

6. Ambient Noise lLevels

In order to estimate the distances to which industrial sounds are
expected to be audible, it is necessary to know the natural ambient noise
level. The natural noise is a result of wind and wave action, ice motion, ice
melt, biological sources, and various other factors (Wenz 1962; Greene and
Buck 1964; Urick 1975). To a first approximation, industrial noise will not
be detectable at ranges where its received level is less than that of the

ambient noise at comparable frequencies.

Natural ambient noise 1levels cannot be determined at locations near
Corona when vessels are operating at that site. At many frequencies,
industrial sounds will be stronger than ambient sounds at ranges out to at
least 20 km, and often to greater ranges. Sound levels 10 km from the

Hammerhead drillsite in 1985 were dominated by industrial noise.

The BBN/MMS site-specific noise study acquired some ambient noise data
from Corona in 1985, when no vessels were nearby. That study 1s also
preparing estimates of the 5th, 50th and 95th percentile values for ambient
noise at Corona, based on the few available measurements plus wind statistics

and theoretical considerations.

In the present study, we will acquire-limited additional data on ambient
noise when sonobuoys are dropped near whales distant from the Corona site
(see Subtask 4, above, and 'Behavioral Studies' section, below). Samples of
sounds recorded from all sonobuoy drops regardless of distance from Corona
will be analyzed to determine spectrum levels, l/3—o¢tave levels, and
broadband levels. We will examine these data in relation to distance from
Corona in order to identify those cases where the recorded sounds are largely
or totally natural. We will also listen to the recorded sounds, since the
human hearing system has good capabilities for identifying the likely source
of many underwater sounds. The results from the propagation loss measurements
of Subtask 1 will also be helpful in estimating the expected levels of
industrial sounds at various frequencies and ranges, and thus in evaluating
whether the sounds received at a given sonobuoy location might be expected to

include industrial components. In situations where industrial noise 1is
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| | |
absent, spectra and -band levels will be tabulated as a function of sea state
and ice conditions. : .
¢ }

Zone of Potential Noise Influence

The BBN/LGL/MMS site-specific noise study is estimating the potential
zones of noise influence Qround various industrial sources that might operate
at several sites in the Alaskan Beaufort Sea. The Corona site is one of the
sites of interest in that ‘study. No zone of influence estimates were made for
Corona in the 1985 phase of that study, but such estimatesfprobablvaill be

made for Corona in 1986.

Most of the types ofgdata to be acquired in this study%will be relevant
to the task of defining the probable zone of influence around Corona. Such
data include propagationiloss.data, long-term measuremente'of variation in
noise, data on source levels and characteristics of noise from each vessel,
and ambient noise data. Tﬂe BBN/MMS study will not be able ﬁo acquire as much
information of these typee as is to be acquired in this study, since Corona
is only one of several sites of interest in the BBN/MMS study. We will also
acquire data on bowhead fesponsiveness, which the BBN/MMSifieldwork is not
addressing. On the other hand, BBN/MMS will probabl& perform sound
propagation measurements near Corona using test tones; such measurements
would be valuable in dex}ieloping a propagation loss model_ for Corona, but

there is no need to dupli%ate them in this study. l

Subject to negotiations amongst Shell, MMS, BBN and ourselves, we
propose to cooperate with the BBN/MMS study to the mutual advantage of both
studies. As noted earlier‘ LGL would be involved in both prOJects, and could
efficiently coordinate tne two efforts .to minimize overlap‘and maximize “the
overall quantity of data acquired. In that way, the sound propagation model
and zone of influence andlyses being developed for Corona in the BBN/LGL/MMS
site-specific noise level would make use of the detailed data to be acquired
in this study. In addition, their reSults would be taken into account in our
interpretation of the acoustical and behavioral measurements~to be obtained

|
in this study for Shell.
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Logistical Considerations for Acoustics Program

Having worked at Hammerhead on Canmar Supplier I for three weeks, then

at Corona on Robert Lemeur for two days in 1985, we have first hand

experience with the benefits and difficulties of conducting acoustics work
from the vessels supporting a drillship operation in the Beaufort Sea.
Although the details may change somewhat, we expect the basic elements and
operational aspects to be similar at Corona in 1986 as they were at
Hammerhead in 1985. . We believe we can accomplish our objectives without
interfering with the operational requirements and constraints of the drill-
site vessels. In this section of the proposal we review those requirements
and constraints, our personnel and facilities requirements, and how we
propose to accomplish our objectives using the available support or a

chartered boat.

Review of the Drillsite Vessels

The drillship, Canmar Explorer II, will normally be fixed in an 8~anchor

mooring for drilling. The ship has very limited berthing space compared to
the demands of the ship's crew, the drilling crew, and the "Company Men", in
this case personnel from SWEPI and its two partners. From time~to~time space
is required by contractors for welding crews, well-logging teams, divers,
etc. In 1985, neither work nor living space was available on the drillship
for the two-person acoustics crew. Furthermore, Coast Guard regulations
prohibit any electrical equipment, even passive receiving antennas, from
being installed on the derrick unless stringent fire and explosive atmosphere
requirements are met. Generally this means the equipment must be enclosed
and purged by an inert gas. In its favor, the drillship is a communications
center, with telephone, radio, and facsimile equipment; it is where the

drilling activities occur; and it is where the on-site decision makers are.

At Hammerhead, Canmar Supplier I was the primary relief vessgl for the

drillship in the event of a hydrogen sulfide gas emergency and had to be
within 20 minutes range (3 nemi., 5.6 km) if drilling or testing operations
were underway. Supplier I was equipped with the precision navigation system

and was responsible for anchor recovery in the event the drillship had to be
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| i
moved off site to avoid ;ce encroachment . Thus, her decg was kept clear.
She had a crew of 13 and bunks for three passengers. Storage and work space
were both at a premium. A At Hammerhead, the two-man acoustics crew was
berthed on Supplier i} sefting up the sound recording apparatus in a "cormer”
of the bridge, partially! blocking a passageway. If we| had had on-site
analysis equipment, the m&st suitable place for it would have been on a mess
tabie in the galley. Our equipment was stored Qith‘the cook's &ry stores, in
the laundry, and in the; winch room. There, was only én unsatisfactory
"portable™ telephone that required the ship to be witﬁin 50 ﬁ of the
drillship for operation. ;The ship had a 14 ft Boston Whalef that we used for
a sound boat, but we were not allowed beyond 3.7 km from Supplier I for

safety reasons.

Robert Lemeur is a Class 3 icebreaking supply ship. kt Hammerhead she

was used for icebreaking,and for storing equipment from the drillship; her
deck was fully loaded. This vessel has a 2-tonne cfane. ‘She had a crew of
16 and berthing for 10 passengers. Her passenger quafters were often
assigned to workers whojgight otherwise have been on theidrillship--there
were nine welders on boa}d in late August 1985, for examﬁle. A precision

navigation system was installed and operating when Robert Lemeur was at

Corona late in the 1985 season, but this system was not operating at
Hammerhead in early Sep#ember. The ship had adequate Ftorage jand» work‘
space. The ship's office was spacious and largely unused--it would be
well-suited for our on-site analysis equipment. There was room on the bridge
for the receiving/recordihg equipment. There was a telephope.
, et ]
Canmar Supplier VII! was the third support vessel at|/ Hammerhead. She

performed general icebreaking and supply boat functions. She did not have
a precision navigation system. Her crew numbered 13 and she had berthing for
slx passengers. '

v
|
¢
i

|

All the support ships performed icebreaking. An icé observer on the
drillship plotted ice dr#ft and periodically notified the other ships of the
ice drift directions and épeed. The icebreakers would work,along the line of
drift to push the larger Pieces away. It was not unusual fér the icebreaking

| |
to occur at distances of 12 km from the drillship. Supplier I would some-
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times work close to the drillship to free the anchor lines of ice floes.
The drillship would operate its transverse thrusters to repel ice from the
side of the ship.

Operational Requirements, Acoustics

Drillsite Noise (Subtask 1). We require a quiet boat (engine off) from

which to make 3-minute sound recordings from a vertical string of three
hydrophones suspended from a sparbuoy to a depth of 30 m. These recordings
will be made at distances from 0.2 to 15 km (8 n.mi.) from the drillship. No
"mother ship” can be in the vicinity--our experience at Hammerhead
demonstrated that significant noise was received even from an idling supply
boat at 3.7 km range. The measurements are to be made at three or, if
possible, four aspects from the drillship and on three separate occasions,
including at least once after migration has begun. Range measurement will be
by optical range finder at short ranges (0.2-1.0 km) and by ship's radar at
longer ranges. We propose to provide an inexpensive but functional radar

target for the sound boat.

‘In addition to the acoustics crew on the Canmar vessel, we propose to
use two scientific crew on the sound boat. They will deploy the hydrophones,
operate the tape recorder, and complete log sheets. There will be someone on
the drillship observing and recording activities from the rig floor and

transmitting brief descriptions to the crew of the sound boat.

Individual Vessel Noise (Subtask 3). Again, we require a quiet sound

boat from which to deploy the sparbuoy and vertical string of three
hydrophones for recordings. We propose to operate remotely from the
drillship, 15 km 1if possible, to reduce the level of interference from the
drillsite. Radiated noise from each support ship will be measured in turn.
We propose to have each ship begin at range 3.7 km, run at standard speed
past the sound boat (closest point of approach 100 m), and then continue away
to range 3.7 km. This type of run will provide a measure of the aspect
dependence of the sounds, from bow to stern. The sounds of each ship's

thrusters, and the sounds from the ship while idling, will be recorded. We




53 | }

i
o
propose to measure sounds of icebreaking by having each shﬁp push on an ice
floe in the. "bollard” _condition of full power but little or no forward
progress, then shift into reverse and back away, then shift back to full
‘ahead and ram the ice,"ali at measured distances. We propose'to record sound
from these icebreaking operations at both stern and beam asﬁects, and the bow
if possible, because the' propeller nozzles are likely to make the radiated
noise highly aspect dependent. Two acousticians and the boat operator will
constitute the team for these ‘méasurements, with a watchstander -on the bridge
apprising us by radio of Fhe ship's power settings, etc. ‘

8

Moored Buoy Array (Subtasks 2 and 4). We propose to install the array

12-15 km from the drillship, subject to review before the field season. The
support ship used musti have a precision navigation system and be of
sufficient size to handle the 50 kg anchors and the 12-m spsrbuoy.

'

Calibration of the goored Buoy Array &111 involve'twoltasks. (1) 1t is
desirable to use the sound boat and its hydrophone string to approach each
buoy and record the sounds at depth 30 m for comparison with the buoy signals
being transmitted. (2) It is essential to calibrate! the 1localization
capability of the array; by projecting a known underwater sound signal at

known distances and beErings relative to the array. j Such calibration
requires a sonic prOJector weighing 70 kg. It helps to have 120 v a.c.
power, although the system can be operated from several large batteries. The
precision navigation system is required, but the vessel does not have to be
quiet. Ideally data are desired from eight directions to&distances of 15-20
km. i ' i
1
To monitor the arra§ signals a vessel with space for |a VHF antenna high
on the ship, unobstructed by masts or other antennas, is needed. Work space
.on the bridge is needed to monitor and record the signals‘from the array; it
is important. for the observer to know what 1s happening around the ship--to
have access to the radar, the navigation displays, and‘the marine radio.

Other space is needed foF the on-site signal analysis equipment.
: |

i
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Proposed lLogistical Support

We believe we can operate from Robert Lemeur without interfering with

her normal operations. Two people would constitute the acoustics team on

Robert Lemeur until migration begins and 24 hr/day monitoring is required.

Then, we propose a third person, perhaps a locally hired native, to assist.

The preferred method of making the drillsite noise measurements at long
(15 km) ranges is with a small, independent sound boat. This boat would have
a scientific crew of two. We propose to arrange to charter a boat from
Prudhoe Bay for three week's work at Corona. We have checked on the

availability of a boat on the order of 12 m long, and it appears that several

are available.

An alternative 1is to wuse air- or boat-deployed sonobuoys at remote
locations from the drillsite. This is the least desirable option because of
possible problems with reception of the sonobuoy signal, interference from

ice, and only one hydrophone depth.
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TASK 2. BOWHEAD BEHAVIOR |

! Design Considerations

The principal object#ve of this study is to determine how bowhead whales
react to an offshore driliing operation involving a drillship, an icebreaker,
and-two ice-breaking sup?ly ships. The most direct and gffective way of
assessing whale reaétionsiis to observe the whales from a?circling aircraft
when they are within and outside the zone of potential :influence of the
drilling operation. This|observational technique is the cofe of the research
program that we are proposing. However, we believe that the scientific value
of the resulting data can be enhanced if .the behavior{ observations are

integrated with other techniques.

These other techniqhes are all designed to enhance Ehe collection of
behavioral data and/or to support the interpretation of the data collected.
In all cases where morej than one. technique is feasibleL the conduct of
quantitative behavioral sampling will take priority. The other techniques
discussed below are ancilpary and supportive of the behavioF objectives. The
actual integration of the various techniques 1s discussed in subsequent
sections. The main _faétors considered in setting priorities among the
techniques are discussed{in the section on 'Sampling Protoéol' at the end of
the discussion of Task 2,

| ; _ |

Statistically, the most desirable behavior observati&n technique 1is to
follow and observe a gro?p of whales as it approaches, enQers and leaves the
zone of detectable underwater noise from the drilling operation. This
technique provides the data for a paired comparison of the behavior of the
same whales in uﬁdistuébed and potentially disturbed conditions. This
approach will avoid many of the uncertainties and variables that would occur
if different whales werei observed in the presence and absénce of industrial
activity. The technique depends upon being able to find the same whales on
successive aircraft flights and being able to teidentify naturally-marked
whales. Unambiguous reidentificatfion depends on th§ use of aerial
photography. (A progra@_of tagging whales as they appfoach Corona would
introduce a bias [tagging disturbance] that could confound interpretation of

; 55
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Tresponse patterns of whales that reached the drilling operation even after
being tagged.) In addition to allowing subsequent reidentifications of
groups of whales for behavior observations, the photographic technique can
provide other important information. . For example, if some whales stop and
feed near the Corona site, then it may be possible to document the residence
times of individual whales through photographic reidentifications. This
capability is particularly valuable if whales are seen in the vicinity of the
drilling operation on several consecutive days. Documentation of residence
times using aerial photography was successful in the MMS-funded study of

bowhead feeding in the eastern Alaskan Beaufort Sea in 1985 (W.J. Richardson,
LGL Ltd., pers. comm.).

It has now been well documented that the various age classes of bowheads
are geographically segregated on the summering grounds in the Canadian
Beaufort Sea and Amundsen Gulf (Davis et al. 1982, 1983, 1986, in prep.;
Cubbage et al. 1984). It is reasonable to assume that the various age and
reproductive classes may also be partially segregated during their fall
migration through the Alaskan Beaufort Sea. Thus, it is unlikely that a
random sample of the population will be exposed to drilling operatioms, which
occur relatively close to shore. There is evidence that bowheads that occur
near drilling activities in the Canadian Beaufort Sea tend to be small,
subadult animals (Richardson et al. 1985b; Thomson et al. 1985; Davis et
al., 1986). The larger animals, i.e. breeding and non-breeding adults, occur
in other areas. There is also some limited evidence that behavior of
subadult animals near industrial activity differs from adult behavior in
undisturbed areas (Davis et al. 1986). These findings suggest that it would
be useful to determine the approximate age (= length) and reproductive status
(subadult, adult with calf, etc.) of animals that pass near the drillsite.

This 1is especially important 1if different behavioral responses occur in
different age classes.

Interpretation of the significance of the behavioral data depends on
having reliable acoustic data. The principal components of the acoustics
study are presented in Task 1. However, we emphasize here that it is
necessary to document the specific levels and spectral characteristics of the

underwater sounds to which the whales are exposed throughout the periods when
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whale behavior is being sttematically quantified. This will be accomplisbed
by deploying sonobuoys near the whales. Use of sonobuoys;for this purpose
has been a standard method in previous and ongoing behavioral studies for
MMS. These data are required to provide unambiguous data on noise exposure
to determine whether bowheads respond to particular levels and/or types of
noise, and to unambiguously assign samples of behavioral data to undisturbed
or potentlally disturbedl categories. It is not possible to accurately
predict noise levels at various distances and bearings from the dr11181te at
any particular time, since transmission loss and received levels are a
complex function of depth, bottom characteristics, |ice conditions,
temperature/salinity profiles, "and wind conditions. In addition, noise
levels received near whales depend on all ship traffic (supply ships,
barges), seismic operations, and icebreaking activities in the general area,
not just those at the drillsite. ' Thus, direct measurements of noise levels
received by the whales that are under observation are essential for meaning-

ful interpretation of their behavior.

In previous years,?the most ubiquitous and intenseiindustrial noises
that have been recorded near bowhead whales have originateé from the airguns °
used for seismic exploration. Seismic noises were present throughout the 10
days (5~15 September) of operation of a moored hydrophone array at the
Hammerhead site in 1985. Hammerhead is only about 45 km west of Corona.
Similar levels of seismic noise would be expected in 1986 unless there 1is a
general decline in seismic activity or heavy ice cover that.would curtail
seismic operations. To interpret the behavioral observations it is important
to know whether the whafes that are under observation near a drillship are
also being exposed to seismic pulses. Thus, it is necessary to use sonobuoys

to measure noise levels: near the whales during each session of behavioral
|

¥
i

observations.
! . . f

One  of the major considerations in designing this type of study is to

obtain data that are refevant and interpretable. The study outlined in the

RFP vill provide valuable results if whales occur near‘ the Corona site.

However, in some years very few whales occur in the area (e.g, 1985). 1In

such a situation, even intensive'efforts near the Coronafsite might fail to

find whales. Interpretafion of the absence of whales near the site is likely
\



58

to be quite controversial. It could be argued that whales avoided the site,
and that such avoidance occurred at distances beyond the search area. It is
important, therefore, to be able to place the absence of whales near the site
in the context of distribution in nearby areas. In previous studies (Seal
Island, Sandpiper Island, Hammerhead) this context has been provided 'by
systematic aerial surveys. We believe that a modest program of systematic
agrial surféys beyond the immediate vicinity of the Corona site would provide
the data needed for interpretation in the‘eventuality that no or few whales
are seen near Corona. Reduced survey coverage relative to that in previous
studies is desirable to allow more time for behavior studies. The reduced
survey coverage can be bartially supplemented with survey coverage that will
be provided by our MMS-funded study of bowhead feeding; that study will
include some systematic surveys in their study area, whose western boundary
is only 30 km east of the Corona site. In addition, 1less 1intensive
broad-scale distribution data will again be available from the MMS survey
program conducted by Don Ljungblad of NOSC.

Systematic aerial surveys around Corona are necessary not only to
document distribution patterns around the site, but also as a means of
finding whales for behavioral observations. The most efficient way of
conducting these searches is to use systematic surveys supplemented by
real-time monitoring of bowhead calls received by the moored hydrophone array
east of the drillship (see Acoustic section, Subtask 4). It is important
that some whales be located sufficiently far from Corona to allow behavioral
observations in undisturbed 'control' conditions. Survey coverage east of

the site would increase the probability of finding whales that could be
followed toward the site.

The above summary outlines some of the factors to be considered in - the
design of the proposed study. The principal focus of the study 1s the
collection of quahtitative data on the behavior of whales in undisturbed
('control') and potentially disturbed (industry noise present) situations.
Where possible, the same individual whales are to be observed as they move
past the drillsite. A variety of other techniques can also provide useful
information and should be integrated into the study. The details of the
proposed study are provided in the following sections.
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Study Area

The principal objective of the proposed study 1is to
bowhead whales react to the presence  of an offshore drilling
is necessary to maximize the number of samples of behavior
disturbed animals while also obtaining representative samples

behavior.

determine how
operation. It
of potentially
of undisturbed

Therefore, the potential: zone Qf influence of  sounds from the drilling

operation should be taken into account when determining the size of the study

area.

It 1is 1important that behavioral and other observations| begin

sufficiently far to the east of the drillsite to provide unequivocal

'control'

. observations of wundisturbed whales. Although we have observed

bowhead whales as close as 4 km from Explorer II (Richardson et al. 19 Sa,b),

there are reasons to believe that some bowheads might be affected by noise

from the drillsite at considerably greater ranges.

1.

3.

When recorded sounds from Explorer II were played back into the
water near whales, some bowheads showed weak avoidance tiictions
when received levels of drillship sound equalled those as much as
12-16 km from the actual drillship (Richardson et al. 1985b, in
prep.). These figures are based on the 1/3-octave band of ﬁaximum
drillship noise : ambient noise ratio. This is the band that is
being considered in the ongoing BBN/LGL/MMS site—specific noise and
disturbance project.

Some other bowheads apparently did not react to playbacks of

recorded drillship noise when received levels in that 1/3roctave
band equalled those as little as 4-6 km from the drillship.

While bowheads have been seen within a few kilometers of | actual
drillships, including Explorer II, these 'closest' individuals may
have been representative of relatively insensitive individuals like
those noted in (2), above. Whales like those noted in (1) may avoid
areas this close to drillships.

These results came from shallow waters of the Canadian Beaufoft Sea,
where sound propagation conditions are different than those near
Corona. The above results also were obtained in the absence of
icebreaking and 1its associated noise. Hence, zones of potential
influence near Corona would be expected to differ.
?

Preliminary noise propagation and zone of influence results from the
BBN/LGL/MMS site-specific noise study for sites comparable to; Corona
indicate that bowheads might hear the drillship at ranges as great
as 50 km on a day with average ambient noise conditions. This
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assumes that whales can hear industrial noise if its level equals or
exceeds the ambient noise level in the corresponding 1/3-octave
band. Of more relevance, some bowheads would be expected to react to
drillship noise up to 9-11 km east of Corona. This estimate is based
on the observation that some whales react when the drillship noise
level exceeds the ambient level in the corresponding 1/3-octave band
by at least 20 dB (Richardson et al. 1985b, in prep.). Subtle
reactions may sometimes occur at ranges greater than 9-11 km,
especially at times when the noise levels are elevated by intensive
icebreaking operations.

These estimates of possible zone of influence are preliminary and subject to
considerable uncertaintiesc(BBN and LGL,'in prep.). ﬁowever, it is apparent
that some behavioral data ﬂeed to be acquired at distances well in excess of
10 km. We recommend that whales approaching the drillsitelbe observed from
the time when they are at least 15-20 km away whenever this is possible, and
that a sample of behavioral data be acquired at distances exceeding 20 km.

Based on these considerations we propose that an 'Intensive' survey grid
be established to find whales for subsequent behavioral observations (see
later section on Aerial Surveys). The proposed grid is 44 km by 40 km,
offset from the drillsite so that the grid extends 28 km to the east and 16
km to the west of the site. 1In addition, an expanded search area would be
used in some circumstances, primarily when no whale are present in the

'Intensive' grid (see sections on Aerial Surveys and Sampling Protocol).

Behavioral Observations

The principal objective of this study is to determine how migrating
bowhead whales react to an operating offshore drilling operation. it is
important to realize that the operation involves more than just a stationary
anchored drillship. Two large ice-breaking supply ships and the Class 4

icebreaker Robert Lemeur will support the operation. Each of these vessels

can generate substantial amounts of ‘underwater noise. The icebreakers may

operate at considerable distances (several km) from the drillship.



Field Methods ’ : X

Standardized aerial observation procedures for systematically studying
and‘comparing bowhead behavior near and far from industrial sites have been
developed by LGL in 1980-84 (e.g., Richardson et al. 1985a,b). These same
techniques are now (1985-86) being used in LGL's ongoing study of the feeding
behavior of bowheads in the eastern Alaskan Beaufort Sea. The same methods

will be applied here.

Observers in a Twin Otter aircraft will circle around the whales at an
altitude of at least 1500 ft, which has been demonstrated‘to be high enough
to avoid disturbance by the aircraft. While circling the whales, the
aircraft crew will dictate systematic observations of whale behavior into
tape recorders. Whale behavior will also be videotaped to supplement the
real-time observations. Underwater sounds to which the whales are exposed
‘will be recorded by sonobuoy techniques, as will bowhead calls. Activities

and behavioral variables to be recorded will include the following:

- General activities of the whales will be noted: e.g., traveling,

resting, socializing, feeding (at the surface, near the bottom, or in
the water column).

- Relative speeds will be estimated for each surfacing (nil, slow,
moderate, fast, as -in our 1980-84 and 1985-86 behavioral studies).

— The presence of any cow-calf pairs will be noted.

- The heading of each whale will be noted at the start of each
surfacing, and any turns during the surfacing will be recorded.

- Positions will be determined from the aircraft's VLF navigation

system and relative to dye markers, 1ice pans and industrial
activities. Dye markers will be used to permit the aircraft to remain
above the whale's location while the whale is invisible below  the
surface.

= One or more sonobuoys will be dropped near the whales during each

behavioral observation period; the signals will be monitored and
recorded with calibrated equipment on the aircraft, in order to
document industrial sounds reaching the whales as well as whale calls
and call rates (see Acoustics section, Subtask 5).
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~ Standard behavioral data will be dictated into tape recorders; these
data will include surface and dive times, respiration (blow)
intervals, number of blows per surfacing, occurrence of pre-dive
flexes, fluke—out dives, aerial behaviors (breaches, tail and flipper
slaps, rolls, spy-hops), turns during surfacings, underwater blows,
defecation.

Most of these data will be recorded in a systematic way for each
surfacing of the ‘'focal' whales on which observations are being
concentrated. Our procedure, as in past studies, will be for one behavior
observer to watch the focal whale or group through binoculars to discern
details of behavior, while another watches with the naked eye. The latter
observer is better able to estimate headings, distances apart, and other
aspects of behavior that require a broad field of view. Both observers
dictate their observations through voice-actuated noise-cancelling
headset-mounted microphones into a common intercom channel, ‘which is fed into
a continuously running audio tape recorder. A third biologist videotapes the
whales that are being observed; the behavioral dictation is also recorded on
the audio channel of the video recorder for backup and to facilitate later
analysis of the videotape. The operator of the wvideo caﬁera monitors the
behavioral dictation in real time, and prompts the two primary observers for
any standard information about each surfacing that they may have neglected to
dictate. The fourth bidlogist aboard the aircraft deploys sonobuoys and
operates the sonobuoy receiving and recording equipment. He also watches for
whales on the 'outéide' of the area being circled, i.e. on the opposite side

of the aircraft from the other observers.

Aé soon as possible after each flight (ideally the same evening), the
behavioral dictation ié transcribed onto standard data formé. Then the
videotape 1is reviewed for any details not noticed in real time. (The real
time dictation 1is geherally very complete when only oné or two whales are
being observed at a time. However, some details are often missed when several
animals are interacting. This information can be recovered from the
videotape.). The transcription is checked by a second member of the field
crew, Then the transcribed behavioral data are then recorded in a standard
numerical fashion with one data record for each surfacing and each dive of
each whale (Fig. 10).'This same systematic data format has been used for all
of LGL's systematic behavioral studies in the 1980-85 period, and will be
used again in the 1986 phase of the LGL/MMS bowhead feeding.behavior study.
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Figure 10. Example of standard LGL data form for recording bowhead whale behavioral data.
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It is important that the behévioral data be collected in a standardized,
systematic and objective way. This is necessary to avoid observer expectancy
bias and to allow meaningful cbmparisoné of behavior near vs. far from
industrial sites. To allow comparisons with results from previous studies of
bowhead behavior, it 1is also important that the data be collected and
recorded in' a manner consistent with those of previous aerial observation
' programs. It is difficult to observe some of the subtleties of bowhead
behavior from an aircraft circling at an altitude of 1500 ft (457 m) and at a
radius of about 1000 m. If the light is poor or the sea state is high, it is
often.difficult to discern details of Behavior; for example, blows may not be
seen. Experienced observers are essential in order to maximize the quantity
and reliability of the observations. Equally important, experienced observers
are necessary in order to recognize when the observations should be

considered unreliable and should not be used in quantitative analyses.

The proposed aerial crew includes two individuals (R. Wells and S.
Swartz) who have 2-3 seasoné of experience as behavioral observers in
previous MMS-funded systematic aerial studies of bowhead behavior, as well as
other relevanf experience. They have ﬁsed the same observation procedures as
are proposed here. In addition, one of the proposed project supervisors
(W.J. Richardson) directed the LGL/MMS bowhead disturbance project in which
these observation and data recording procedures were developed (1980-84); he
is continuing to use those procedures in the LGL/MMS bowhead feeding study
(1985-86).

A key requirement for meaningful behavioral observations is to obtain a
long series of data from one or a few individuals ratﬁer than frag@ented data
from each individual that appears at the surface. This requires considerable
experience and discipline amongst the observétion team, since several whales
are commonly found in the same general area. The natural inclination is to
observe one whale for the minute or two until it dives, and then to move to
the location of the next whale that is sightéd, and then to still other
whales. This unsystematic approach usually results in failure to resight any
one individual. Behavioral observations of bowheads are difficult to acquire
because the animals are generally below the surface and invisible for 70-90%

of the time. Dives. commonly last 10-25 minutes, and the whales commonly
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travel 0.25-1 km during a dije. It is critical that the observers note
individually distinctive markings on the animals so that individuals can be

recognized from one surfacing to the next.

The highest priority whales for study will be those that are first
detected as they are heading generally toward the drilling operation from the
easf. Observations of such whales will have the greatest potential to
determine whether, and at what range from the drillship, any deflection or
behavioral change becomes evident. We will attempt to follow such whales for
as long as possible as they approach, pass, and move away from the
drilling operation. Whenever whales that are individuélly'recognizable from
natural markings are present, we will concentrate observations on these

individuals.

Analysis of Behavioral Data

From the positional, heading and relative épeed information acquired
during successive surfacings, the courses and actual speéds of traveling
whales will be estimated and mapped. Emphasis will be placed on determining
the closest point of approach (CPA) to the drillship, or nearest support
vessel, and whether there was any deflection or change of speed as the whales
approached. We will use sonobuoys to determine noise exposure at one or two
locations along the coufSe, and to estimate exposure at other locations.
Particular emphasis will be placed on documenting underwater sounds at any

’ e

péint of deflection and at CPA.

General activities of all whales seen will be tabulated in relation to
distance from the drilling operation. General activities will also be
tabulated in relation to' the measured level of industrial noise when this is
available from sonobuoy measurements. We will assess whether ﬁhere is
evidence that Fraveling is more common and other activities less common for

the whales that are closest to ships.

For whales whose behavior was observed at various distances from the
drillship, we will analyze the detailed behavioral parameters in relation to

distance from the ship using correlation techniques. For example, surface
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times and number of blows per,surfacing often decrease when bowheads are
subjected to industrial disturbance (Richardsop et al. 1985a,b). We will
determine whether these and other behavioral variables are correlated with

distance from the ship for any whales that are observed at various distances.

. The systematically coded behavioral data (Fig. 5) )Awill be entered into
a microcomputer and checked for internal consistency with LGL programs
developed forvvalidation of this specific data format. The data from each
observation session will be summarized by another LGL program that summarizes
and compares quantitative behavioral data acquired during different phases of
an observation session, e.g. .while a traveling whale was at different
distances from the drillsite. Table ] shows sample output from this program.
Another program is available to convert the data from the format of Figure 10
into a form suitable for direct analysis by standard multivariate analysis
programs. If appropriate, the behavioral data acquired in this study can be
compared directly with results from the 1986 (or earlier) LGL/MMS behavioral

“studies; all of the data are in computerized data files in the same format.
Readers 1interested in more details of the analysis techniques are
referred to the final report of the five year MMS-funded study of bowhead

behavior on the summering grounds (Richardson 1985b).

Acoustical Studies Near Bowheads

The major acoustical study efforts are described in Task 1, which
includes a moored hydrophone array that can track calling bowhead whales and
provide an extended timg series of data or variations in }ndustrial noise
from the drilling and associated operations. Detailed measurements will also
be obtained of the source levels and spectral characteristics of sounds from
the overall drilling operation and from its component parts. As discussed
earlier, these measurements will not provide detailed data on .the noise
levels actually present in waters where whale observatiohs are being made.

Sonobuoys will be used for this purpose.
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Table 1. Example of output from LGL program that tabulates and compares behavioral
data aquired in different phases of a behavioral observation session. This'
example shows results from a playback of "Explorer II" sounds near bowheads
on 18 August 1983, Observations during pre-playback control, playback,
post-playback, and final control phases are compared. Behavioral variables
considered include number of blow per surfacing, (NBLOWS), length of sur-
facing (LENSFC), blow intervals (BI and MEANBI), length of dive (LENSUB),
speed of motion (MOTION), and occurence of turns, pre-dive flexes, and
pre-dive 'flukes-out' (TURN, FLEX, FLUKES).

BOWHD.FILE.SUMMARY W.J. RICHARDSON LGL LTD. VERSION 1.2
INPUT FILE = TWG/1BAUGB3A.12DECB3,55,D1 # CASES = 159 RUN DATE = 850204

PHASE DEFINITIONS USED:

-PHASE TYPE MIN MAX
CONTROL2 T 12.36 13.02
MID-PLBK T 13.07 13,3659
POSTPLBK D 22 22
CONTROL3 T 14.12  , 14.39

-~- NBLOWS ------ MEAN SD N MIN MAX ) SUM. SUM OF SQ
ALL NON-CALF 3.085  2.199 59 0 10 182 842
ALL UNDIST. NC 2.806 2.068 36 0 7 101 433
TOT.PHASES, NC 3.273 2.322 33 o} 10 108 526
CONTROL2 2.5 2.07 8 0 5 20 80
MID-PLBK 2.733 1.831 15 0 6 41 159
POSTPLBK 5 3.162 6 1 “10 30 200
CONTROL3 4.25 2.217 4 1 6 17 87
F=2.106 DF = 3,29
--- LENSFC ---=--- MEAN SD N MIN MAX SUM SUM OF SQ
ALL NON-CALF .182 .546 62 .03 2.22 48.467 56.082
ALL UNDIST. NC .774 .502 39 .03 1.53 30.167 32.925
TOT.PHASES, NC .776 .584 33 .03 2.22 25.617 30.812
CONTROL2 .665 .476 8 .03 1.33 5.317 5.117
MID-PLBK .626 .556 15 = .05 2.05 9.383 10.202
POSTPLBK 1.164 .75 6 .25 2.22 6.983 '10.944
CONTROL3 .983 L477 4 .35 1.5 3.933 4.549
F=1.554 ©DF = 3,29
--- Bl ------ MEAN - SD N MIN MAX SUM SUM OF SQ
ALL NON-CALF 14.54 6.946 215 -9 -9 3126 ] 55774
ALL UNDIST. NC 14.7 7.96 110 -9 -9 1617 30677
TOT.PHASES, NC 14.318 7.09 148 -9 -9 2119 37729
CONTROL2 11.321 4.667 28 -9 -9 . 317 4177
MID-PLBK 14.952 6.155 63 -9 -9 942 16434
POSTPLBK 13.207 2.957 29 -9 -9 383 5303
CONTROL3 17.036 11.689 28 -9 -9 477 11815
F = 3.629 DF = 3,144
--- MEANBI ------ MEAN SD N MIN MAX SUM SUM OF SQ
ALL NON-CALF 15.106 6.24 78 7 45.5 1178.283 20797.955
ALL UNDIST. NC 15.759 7.622 39 8 45.5 614,583 11892.742
TOT.PHASES, NC 14.727 6.504 53 7 45.5  780.55 13695.431
CONTROL2 11.239 2.226 9 8 15.4 101.15 1176.445
MID- PLBK 14.899 5.164 26 7 25.5  387.367 €437.977
POSTPLBK 13.427 1.875 8 9.75 15.5 107.417 1466.896
CONTROL3 18.462 11.575 10 9 45.5 1B4,617 4614.114

F = 2,22 DF = 3,49
’ ... continued



Table 1. cont'd.

INPUT FILE = TWG/1BAUGB3A.12DECB3,55,D1 # CASES = 159 RUN DATE = 850204

--- LENSUB ~=-—=== MEAN 'Sh N MIN . MAX SUM SUM OF SQ
ALL NON-CALF 2.565 2.677 23 .12 9.3 59 309.064
ALL UNDIST. NC 3.133 1.942 11 .9 "7.55 34.467 145,702
TOT.PHASES, NC 2.344 3.057 14 .12 9.3 32.817 198.451
CONTROL2 -9 -9 0 -9 -9 0 0
MID-PLBK 1.42° 2.971 9 * .12 9.3 12.783 '88.79
POSTPLBK 3,917 3.778 3 .43 7.93 11.75 74.573
CONTROL3 4.142 .884 2 3.52 4.717 8.283 35.088
--- MOTION --- O/UN- 1/ 2/ 7/MOD 3/ 4/UN- 5/ 6/CH- 8/NO- 9/SO- TOTAL
KNOWN NONE SLOW ERATE FAST SPEC., MILL ANGE SOME NONE
ALL NON-CALF 49 4 21 46 3 "3 0 6 0 1 133
ALL UNDIST. NC 24 3 11 23 o "°3 0 5 0 170
TOT.PHASES, NC 30 2 17 32 3 1 0 1 0 0 86
CONTROL2 6 1 1 9 0 1 0 0 0 0 18
MID-PLBK 16 0 4 18 3 0 0 1 0 0 42
POSTPLBK 5 1 4 3 0 0 0 0 0 0 13
CONTROL3 3 0 8 2 0 0 0 0 o} 0 13
--- TURN --- O/NO- 1&2/1 3-5/ TOTAL
’ TURN TURN >1 TU
ALL NON-CALF 46 13 0 59
ALL UNDIST. NC 28 8 0 36
TOT.PHASES, NC 25 8 0 33
CONTROL2 6 2 0 8
MID-PLBK 12 3 0 15
POSTPLBK 4 2 0 6
CONTROL3 3 1 0 4
~=-~ FLEX --- 0/NO 1/ TOTAL
FLEX FLEX
ALL NON-CALF 76 7 B3
ALL UNDIST. NC 42 6 48 .
TOT.PHASES, NC 52 2 54 .
CONTROL2 10 1 11
MID-PLBK 23 0 23
POSTPLBK 9 0 9
CONTROL3 10 111
--- FLUKES --- 0/NO 1/FL- TOTAL
FLUKE UKES
ALL NON-CALF 99 6 105
ALL UNDIST. NC 55 2 57
TOT. PHASES, NC 59 5 64 ,
CONTROL?2 11 o 1
MID-PLBK 28 2 30
POSTPLBK 9 2 11
CONTROL3 11 1 12
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Industrial Noise Near Bowheads

To determine the characteristics and levels of noise to which bowheads
.are exposed, the aircraft.will-bg used to drop sonobuoys near whales (see
Acoustics, Subtask 5). Emphaéis will be placed on whales that are
potentialiy near or within the.area ensonified by the drilling operations,
iﬁcluding ice management} Sonobuoys will be dropped near the whales on each

occasion when behavioral observations are made.

We will use AN/SSQ-41B or AN/SSQ-57A sonobuoys (which are functionally
equal) set for maximum endurance (nominally 8 h). The sonobuoys are designed
to operate in waters ‘over 18 m deep, which will be suitable for this
project. We will also provide some sonobuoys specially built for use in
water as shallow as 10 m, 1in case they are needed. These special
shallow-water sonobuoys were acquired and used successfully in LGL's 1985
work for Shell (Sandpiper Island) and for MMS (feeding behavior study). The
sounds detected by the sonobuoy's hydrophone will be broadcast by the
sonobuoy's radio transmitéer to a calibrated receiving and recording system
on the aircraft. To ensure that information necessary for quantitative
analysis of the sonobuoy data is available, the crew member responsible for
operating the .sonobuoy system will dictate voice announcements into the

sonobuoy system's tape recorder, and will fill out staﬁdard LGL sonobuoy log-

sheets (Fig. 11).

The sonobuoy recordings will be analyzed to determine the received
levels and spectral-characteristics of the industrial and ambient sounds to
which the whale(s).are exposed. Recorded sounds will be analyzed in the
Greeneridge Sciences laboratory using the computerized acoustic analysis
system described by Greene (1985) and in the Acoustics section of this
proposal. This analysis system makes full allowance for the fact that
sonobuoys do not have a 'flat' frequency response; they are more sensitive to-
high than to low frequencies. The analysis system applies the appropriate
calibration curve to allow for the 'sloped' frequency response of the
sonobuoys. The results of the analysis will document the sounds to which
bowheads were exposed 1in terms of their power spectra, l/3-octave band

levels, and broadband levels.
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SONOBUOY SIGNAL RECORDING LOG Date Platform Purpose
Flight # __ Beh.Obs.Sess.#____ Operator____ Tapes & Logs/___ Cross/
Left Ch.| Riuht Ch Left Ch. ! Rizht Ch.} .
S'buov Tvpe Launch Time ! Recovder !
S 'buov Ch # Launch Alt. Sea State
S'buoy Ser # Launch Lat. Sky Cover
20 dB Atten? Launch Lom Visibility
Depth Set’y” IWater Depth Air Temp.
ifetime LReceiver ft Wind Speed
Ice Cover !Converter # Wind Dir'n

~-Label tapes Axv for aircraft, Bxy for
boat. Give date & start time on label.
-Voice announcements on right channel
at ~5 min intervals; give time, record
levels, counter #, activities. Then
disconnect microphone (mike interrupts
line input).
-Record level normally -7 to -5 dB, but
don't allow peaks to saturate.
~Announce & note rec.lev. changes.
-Limiter off; mike atten. 0; Dolby on.

Time

Chan #|{Tape Si Tape Rec.Lev| Whale Sounds Industrial Sounds :Q;her Commerits
L ;R # EJ {local) Counter| L | R | or Activities or Activities .
}
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Figare 11,0 Fxample ot «tandard LGl sonobuoy log sheet .
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These results will be directly comparable to the acoustic data from all
previous and concurrent studies by LGL and Greeneridge for Shell, Union and

MMS. The results will also be comparable to the noise data, sound

propagation models and zone of influence analyses being developed by BBN and

LGL for MMS as part of the ongoing site-specific noise and disturbance

study. The BBN/LGL/MMS study emphasises 1/3-octave data, which are one of

the data types produced by the Greeneridge éﬁalysis system,

Bowhead Call Rates

One of the major unknowns in evaluating the usefulness of a hydrophone
array for monitoring bowhead migration is that it is not known how often
fall-migrating bowheads call. It is, therefore, not known what proportion of

the animals within range of the array are likely to be detected.

Call rates are quite variable. On some occasions when'we have dropped
sonobuoys near bowheads in late summer and monitored underwater sounds for an
hour or more, no calls have been geteéted (Wirsig et al. 1982, 1983, 1984b,
1985). On other occasions, high call rates have been recorded (20 or more
calls per whale per hour). Occasions when higﬁ call rates were detected were
usually occasions when the water was deep (100 m or more), the whales were
engaged in social interactions, or both. ihe average call rate was 1 tor2

¢

calls per whale per hour.

The present study will provide some data on call rates during fall
migration. For each behavioral observation session an estimate is made of
the number of whales present in the vicinity. We will determine the number
of calls recorded by the sonobuoy in the water among the whales under
observation. From these data, rough approximations of the number of calls
per whale-hbur can be made. This téchnique, of cburse, does not tell us
whether all whéles present wefe calling or whether only some of them called.
Nonetheless, even the gross .information on call rates obtained in the
proposed study will be_valuable for assessing the results obtained from an

array.



72

Environmental Constraints on Behavioral and Acoustic Observations

Cloud Ceiling and Observation Altitude

Aerial observations of bowhead behaviof should be obtained from an
observation altitude of at least 1500 ft. This is the standard minimum
altitude used in the MMS bowhead behavior studies. If bowhead behavior is
observed from a lower altitude, it must be assumed that the behavior may have
been affected by the presence of the aircraft. For example, respiration
intervals of bowheads observed from 1000 ft altitude are significanfly
different than those of bowheads observed from 1500 ft or above (Richardson
et al. 1985a,b). h o

Our normal procedure will be to conduct behavioral observations only
when the downward view from 1500.ft is not obstructed by low cloud or fog.
However, if whales are observed near or heading toward the drillsite and
the ceiling is high enough to allow observations from 1000-1400 ft but not
1500 ft, we will observe whale behavior for at least a short time. This will
allow us to document the general activities and route of travel of the
whales. It must be recognized, however, that observations acquired from an
aircraft circling below 1500 ft will nbf bé' fully comparable to those
obtained from 1500+ ft, andvmay be confounded by éircraft disturbance. It
should be noted that the sizes and individuél identities of whales can often
be documented by the photogrammetric method (see later), an& noise exposure
can be documented by sonobuoys, even if the ceiling is too low for meaningful

behavioral observations.

High Winds and Sea States

Meaningful behévioral observations usually cannot be obtained when the
wind speed exceeds about 15 knots and the sea state exceeds Beaufort 4. (An
exception is the situation when it is windy but wave height is low because
ice or a nearby shoréline reduces the fetch.) Under rough conditions, whales
are difficult to sight when they first surface. This prevents accurate
determination of the durations of surfacings and dives, or the number of

respirations per surfacing. High sea states also hamper recognition of
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individual whales from one surfacing to the next. This makes it impossible to
obtain long time series of data from specific individual whales. Experience
has shown that attempts to observe bowhead behavior in rough seas do not
produce interpretable data. Thus, behavioral observations normally will not

bé attempted under high sea state conditions. .

Ice Conditions

1)

There 1s some concern about the feasibility of making acoustic and
behavioral measurements in the relatively heavy ice conditions than can
occur, particularly in.mid October. If sufficient open water is present to
make behavioral observafions, then sbnobﬁoys can be successfully deployed
into an open water area by the observation aircraft. Since the sonobuoy
transmits to a receiver on the aircraft, there should be no problem recording

the sounds to which bowheads are exposed, in spite of heavy ice conditions.

Apart from forcing drilling to cease, certain types of heavy ice
conditions could also affect the study by making behavioral observations
difficult or impossible. Extensive ice can make it impossible to follow .
whales and make observations of their behavior. The limiting factors here
are the type of 1ice cover, the amount of ice cover, and the behavior of the
whales under observation. If bowheads -are stationary in an area, i.e.,
resurface near the locations where they last dove, then it 1is possible to
make useful obsefvations under heavier ice conditions than if the whales are
moving through an area.’ .

The configuration of the ice can be as important as the amount of ice.
For example, evenly distributed brash-and pan ice may cover only 20-50% of an
area, but make it extremely difficult to find bowheads and to locate them as
they surface. On the other hand, continuous ice may cover over 75% of an

area but bowhead behavior can still be studied because the whales are

concentrated into a few relatively distinct open water arease.

It is not possible to make firm statements about the amounts and types
of ice, and combinations thereof, that will make behavioral observations

futile. As noted above, the behavior of the whales themselves is also an
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important factor. However, during the LGL/MMS bowhead feeding study we were
able to observe the behavior of migrating bowheads effectively under the very
heavy ice conditions that prevailed north and east of Kaktovik in late
September 1985. We were also able to study whale behavior in areas of 90%-
100% cover by new ice. The presently proposed study will include observers
with experience locating bowhead whales and studying their behavior in a
variety of conditions, including whales traveling through areas of pack ice.
Through use of experienced personnel, we ‘expect to be able to acquire valid
and useful behavioral data under almost any ice conditions that permit
drilling. '

Photographic Evaluation of Whale Size, Status and Identification

We recommend that an effort be made to measure and identify individual
whales passing near the drillsite, as well as a sample of those found farther
away. In 1981 and 1982, LGL developed a photogrammetric method to measure
free-ranging bowhead whales. The method allows one to measure the size of the
whale fo an accuracy of a few percent. This, in turn, allows an evaluation of
age if the whale 1is small, or maturity if the whale is larger. Through
application of the photogrammetric method, it has been found that bowheads
often segregate by age and reproductive status. Information about the

occurrence or lack of occurrence of segregation by age or status is important

in evaluating the effects of any disturbance or displacement of animals.

The same photographs that aliow measurements of bowheads also show that
many whales are individually reéognizable through distinctive markings or
scars. This capability for individual recognition provides a way to determine
whether individual whales remain in an area of industrial activity (or any
other area), or whether they are 'moving quickly through the area. If a
recognizable bowhead is photographed near the Corona drillsite on more thén
one day, this would prove that the animal did not move quickly out of the
area. The observation would be‘eépeci‘allyy” informative if the behavior of the
animal was observed and a sonobuoy was dropped to determine the underwater
noise to which it was exposed. In addition, in situations where bowheads are
moving quickly it may be possible to rephotograph animals at intervals of a
few hours. This would provide additional information on speed of movements -
and whether the whales are deflected by drilling operations.
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Photogrammetric work ﬁould be done from the same aircraft used for
behavioral observations. Photographs would be taken at the end of behavioral
observation sessions. Thus, thé individual identity énd length (and thus age
class) would be determined for a sample of the whales observed. This
approach proved to be very practical and successful in the 1985 phase of the
LGL/MMS feeding study, and will be applied in that study again in 1986. The
amount of time spent in each photography session would be determined by the
adequacy of the behavior observations, number of whales present, and aircraft

fuel remaining.

Other projects in the summer an& autumn -of 1986 elsewhere 1in the
Beaufort Sea will include photogrammetry and are expected to provide further
comparative data at no cost‘to this project. Data from this project, in
turn, will complement the other studies (e.g., MMS feeding study) and assist
in an overall evaluation of various attributes of Western Arctic bowheads,
including size and age composition,.population segregation, and movements and
growth of recognizable individuals.

Standafd low-level .photoérammetric techniques will be used (Davis et
al. 1982, 1983, 1986). Calibration photographs will be aéquired by applying
the same procedures to photograph a tafget of known dimensions. By comparing
the size of the calibration.target as estimated from photos with' its known
size, any blases will be detected and a_correcﬁién factor will be developed.
For example, if the radar altimeter is consistently in error by 1 or 2%, raw
length estimates will be similarly biased; this biaé will be detected. and

corrected through the .calibration process.

Sizes of bowheads will be determined by measuring the whale images'and
applying the correcpion'_factor developed by the  calibration procedure.
Duplicate photos of thé same indiViduair whale will be found by first
categorizing the images according to the sizes and positions of white
pigmentation on the whales, and then comparing all images within each
category. Procedures for measuring and identifying whaies will be fully
consistent with those}used in previous years (Dayis,et al. 1982, 1983, 1986)
and on LGL studies in 1985 (SWEPI-Sandpiper I;land;:‘MMS eéstern ‘Alaskan
feeding study; Alaskan 0il Industry-bowhead reproduction study).
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Results to be acquired in 1986 will include the following:

1. .Length-frequency data for correlation with behavior data in relation
to distance from drilling operation and received noise levels.

2. Llength-frequency data for whales near the drillsite and distant from
K the drillsite, subdivided by date within-the migration season.

- 3. Data on minimum residence times for any whales re—photographed at
the same location (near or distant from the drillsite).

4., Data on net speed and direction of movement for whales

rephotographed at a different location, either on. the same or a
different day than the first photograph. Again, these data will be
partitioned according to distance from drillsite.

The above types of data will be analyzed to determine whether size
composition or movement ' patterns are detectably different close to the
drillsite relative to those at more distant locations and whether the

behavior of animals is a function of their age (= length).

All photographs of suitable quality for future re-identifications will
be deposited in the bowhead catalog of the National Marine Mammal Laboratory
in Seéttle. As the accumulated numbér of photographs of bowheads increases,
the amount of relevant information also increases. We now have 20 documented
cases of whales photograpﬁed in more than one year in the Canadian Beaufort
Sea, and a large number of within-year reidentifications. Any reidentifi--
cations of the same whale near the Corona operation on different datés in
1986, and in the same area in future years, would provide useful information
on longer-term behavior patterns of bowheads. Reidentifications of whales
photographed to the east during the LGL/MMS feeding behavior study would also

provide data on rates of movement through the general Corona area.

Aerial Surveys of Bowhead Distribution, Numbers and Movements

Aerial survéys are 'necéssary for two reasons. First, the surveys
provide a systematic method of searching for whales to be used for behavioral
observations. Second, the sﬁrve&s‘ provide importaﬁt information on the
distribution, numbers and movements of bowheads in relation to the drilling
operation and in relation to natural features such as distance from shore;

water depth (18 and;SO m depth‘contdurs), and ice conditions.
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The available data suggest that in some years, only small numbers of
bowheads would be expected near the Corona site. In such situations, it is
important that a substantial proportion of these animals be found and their
behavior observed. We believe that a modification of the approach we used at
Sandpiper Island_iﬁ 1985 would maximize the chances of finding whales in
1986. This approach involves first surveying an intensive grid centered at
the-Corona site. 1If no whales are present on the intensive grid, then the

larger less intensive 'Area' grid would be surveyed.

'Intensive' Grid

Each day when weather conditions permit, the aircraft would first survey
the 'Intensive Grid' beginning in the east and moving west. This would
maximize the chances of finding whales as they approach the drilling
operation. If whales are found, then the systematic surveys would be
terminated and quantitative behavioral observations begun. The behavioral
observations. would continue until terminated by darkness, lack of fuel,
deterioration of weather conditions, or departure of the whales from the
Corona area. Photography would be attempted at the end of the observation
period if sufficient behavioral data had been obtained. On subsequent
flights, attempts would be made to relocate the studied animals if they were

still within the potential zone of influence of the drilling operation.

The size of the 'Intensive' grid wouldvbe variable depending on ice
conditions and the need for icebreaking activities to be conducted remote
from the drillship. The basic grid would consist of a series of north-south
transects at intervals of 4 km; Since each transect strip covers a 2 km
width (see 1later), 50% of the area would be covered directly by the
transects. In addition, bowheads are often seen off-transect beyond the
transect strip. The 2 km wide off-transect zone between each pair of
transect strips would be covered twice--e.g., once on a northbound line and

again on the adjacent southbound line.

We propose that the 'Intensive' grid extend 28 km to the east and 16 km
to the west of the drillship. The transect lines should extend 20 km to the

north and south of the drillship. This design provides intensive coverage of
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all parts of the zone where whales might be influenced by noise from the
operation. In addition, the design provides for the detection of animals
sufficiently far to the east such that control observations can be conducted
outside the zone of acoustic influence before the whales move into the
potential zone of influence. The proposed 'Intensive' grid is mapped in
Figure 12. The proposed survey design provides 'on-transect' coverage of
half of the 1760 km? area of the grid. The remaining half of the area
would be covered twice at off-transect distances of 1 to 3 km from the survey

aircraft.

If no bowheads are detected on the 'Intensive' grid, then the aircraft
would proceed to Barter Island to refuel. The 'Area' grid would then be

surveyed.
'Area' Grid’

The 'Area' grid represents a geographic expansion of the ‘'Intensive'
grid. The 'Area' grid would extend from the coast north to 70°45' or about
30 km beyond the northern boundary of the 'Intensive' grid or 15-25 km north
of the 50 m depth contour. The 'Area' grid would consist of a series of
eight north-south transects (transect width 2 km) spaced at 10 km intervals
(see Figure 7). The easternmost line would be about 45 km east of the
drillsite and the westernmost line would be 25 km west of the site. This
design increases the probability of finding whales that are approaching the
drilling operation. Again, transects will be terminated and behavioral

observations begun if whales are sighted.

The design of the 'Area' grid provides coverage north of the 'Intensive'
grid. This is important to provide some regional perspective for comparison
with migration patterns in previous years. This type of information can be
very important for interpreting the results from the 'Intensive' grid if few
whales are seen there in 1986. Seven of the eight transects proposed for the
'Area' grid were part of the grid surveyed by LGL for Unocal/SWEPI in
conjunction with the Hammerhead/Corona studies in the fall of 1985.
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Figure 12. Study areas proposed for bowhead behavior studies in September/
October 1986. Most search efforts and behavioral observations
will be made in the 'Intensive Grid'. The 'Area Grid' will only
be searched when no whales are present in the 'Intensive Grid'.
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Three other aspects of the design of the 'Area' grid are important.
(1) The design increases our chances of finding whales at long distances from
the drilling operation, thereby increasing our opportunities to sample the
behavior of bowheads that are clearly undisturbed by the operation. (2)
These 'control' animals can also be photographed to determine their lengths.
When compared to animals near the operation, it may be possible to determine
if any small-scale segregation occurs in the age of animals that approach and
avoid the drilling operation. (3) Five of eight transects pass through the
'Intensive' grid. Thus, the 'Area' grid provides important additional

coverage of the prime area of interest.

The design of the 'Area' grid should be considered tentative at this
point. Two factors will influence the final design of the 'Area' grid. The
two easternmost transects come to shore quite close to Kaktovik. It may be
necessary to truncate these lines at some distance offshore or omit them
entirely until the Kaktovik whalers have filled their 1986 quota. In 1985,
the whalers requested that survey aircraft not pass over or near the whaling
boats. The question should be discﬁssed with the Kaktovik whalers as part of

the community liaison program suggested later in this proposal.

The second potential design problem relates to fuel availability in
Barter Island (Kaktovik). It is rumored that commercial fuel may not be
available this summer and fall at Barter island. This question is apparently
unresolved at the. present time. To protect the project against this
eventuality, we propose to use a specialldeesigned fuel system to extend the
range of the Twin.Otter survey aircraft (see Logistics Considerations). The
extended range will also increase safety margins. Furthermore, it will
increase the potential duration of behavioral observation sessions, and
reduce the likelihood that observations of whales near the drillsite will
have to be interrupted for refuelling. Completion of the 'Intensive' and
'Area' grids plus travel to and from Deadhorse would require about 7.9 hours
of flight time if no bowheads were seen (i.e. if the surveys were not
terminated in favor of behavioral observations). The extended range of the
Twin Otter is about seven to eight hours. Thus, if fuel is not available at
Barter Island it will be necessaryvto reduce the ‘'Area' grid from eight to
six lines so that total flight time is 7.0 hours.
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Methods

Standardized aerial survey procedures (Davis et al. 1982) would be used
for comparability between surveys and between projects. The equipment and
techniques will be .the same: as those that we employed for the Union studies
at Hammerhead and Shell studies at Sandpiper Island in 1985; We will use a
deHavilland Twin Otter equipped with bubble window for enhanced visibility.
Surveys will be conducted at a ground speed of 200 km/h. Observers in the
co-pilot's seat and a left rear seat will dictate all sighting data into tape
recorders. For each sighting, the position, number, heading and activity of
the whales will be noted, as will any calves. - Lateral distance from the
flightline will be determined by inclinometer. Ice coier and visibility will
be recorded at 2-min intervals (every 6.7 km). Positions will be determined
from a GNS 5S00A or other VLF/Omega system. Water depth of all sightings will
be determined from hydrographic charts after the surveys. Locations and
headings of .whales will be mapped for each survey, and summarized for longer

- periods..

Bowhead surQeys have . been conducted at both 500 .and 1000 ft altitudes.
In a previous study, Davis et al. (1982) demonstrated that surveys at the two
altitudes provided comparable results with each observer watching a 1 km wide
transect strip. The appropriate strip is 200-1200 m from the aircraft
flightiines at 1000 ft as opposed to 100-1100 m at 500 ft altitude. In
previous bowhead survéy programs an altitude of 500 ft has usually been used
since low cloud ceilings in the Beaufort Sea often prevent surveys at 1000
ft. However, in the study proposed here it is more appropriate to conduct
the surveys at 1000 ft in order to reduce potential disturbance to the whales
éaused by the overflight and the subsequent climb to 1500 ft to begin
behavioral observations. Surveys will be flown at 500 ft on days when low
ceilings prevent use of the 1000 ft altitude. 1In these situations behavioral
observations will not be attempted when whales are found; photographic
samples will be obtained and then the‘surveys will be resumed. It is very
important that the behavioral data not be contaminated by disturbance

responses to the study aircraft.
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The Naval Ocean Systems Center (NOSC) will be continuing its aerial

survey program in the Alaskan Beaufort Sea on behalf of the Minerals
Management Service during August through October 1986. Our proposed surveys

will complement rather than duplicate the NOSC effort. NOSC obtains broad

regional coverage of the entire Alaskan Beaufort Sea. However, they do not
obtain the detailed or frequent coverage in any one area that will be
collected during this study. In addition, LGL will be conducting the second
year of the MMS-feeding study in the Alaskan Beaufort Sea east of 144°W.
This study includes systematic -surveys to document whale numbers and
distribution. The methods that we are proposing for the Corona study are
identical to those to be used on the MMS study. We would also coordinate
closely with the LGL-MMS crew to avoid duplication of survey effort, and more

importantly, to minimize potential interactions with the Kaktovik whale
hunt. Our MMS crew will be based in Kaktovik agéin in 1986.

The aerial survey/search program- would be conducted throughout the

period when whales are expected in the area. The study period should extend

from 1 September until the end of migration, which is assumed to occur on 15

October for planning purposes. If the drilling operation is completed

earlier and the ships move off site, then the study would be terminated at
that time.

Ship-baséd Monitoring

We propose to monitor. the moored acoustic array on a continuous basis.
When bowhead calls are heard attempts will be made to localize them (see Task
1). These computations will be conducted in the field in néar real-time.

Information on the numbers of calls and their locations will be transmitted

to the ' behavioral crew by radio to -the aircraft or by telephone to

Deadhorse. The behavior crew will redesign their plans to attempt to find

and observe the animals detected by the array. The information from the

array will be valuable since it will indicate that whales are relatively
close to the drilling operation.

In addition to the acoustic monitoring, we propose that éome visual
observations be made from the drillship. As discussed under Acoustics,

Subtask 2, it will be necessary to have a person on the drillship to document



and log the various activities by the drillship, - support vessels and

helicopters. We recommend that a biologist fill this position and that he

make systematic observations for bowheads on a :egular basis. A system of 20
minute observation periods during periods of adequate visibility would be
used. The length of each observation .period must be longer thanm the average
dive time of thg whales_\so that whales in Athe area are likely to be
detected. The number and timing of these observation periods~should remain
flexible until the field season when it will be possible- to determine the
design that best allows for collection of the information_ on industrial
activities, which is the prime responsibility of this;individﬁal.- The whale

observations would be done when feasible.

Radio Tagging/Monitoring'_, ©

As part of LGL's :study of bowhead feeding in the eastern Alaskan
Beaufort Sea, attempts will be made to attach radio tags to. bowhead whales.
The radio-tagged whales will be monitored to determine movement patterns and
residence times in feeding areas east of Barter Island. - Since -these tagged
whales will migrate through the Corona study area,- and- may linger there, we
recommend that appropriate radio receivers be carried on board the aircraft.
Since the MMS-crew will not be in the field after 30 September, it would be
especially desirable to monitor ‘the appropriate radio frequencies as part of
the Corona study in October. ‘ '

We propose to equip the project aircraft with a Yagi antenna and
telemetry receiver. A back-up receiver will also be available. The receiver
will be monitored after the LGL/MMS feeding study personnel have deployed one
or more radio tags onto bowheads. The . radio’ tags are ‘expected to be
detectable from distances up to 100 km when the whale is at the surface and
the aircraft is at an altitude of 1000 ft...» A range of 50-75 km is likely
when the aircraft is at 500 ft. | |

Although detection of a tag can be done as the aircraft is engaged in
its usual .work, aircraft-based procedures for localizing a radie tag can be
time consuming (Gilmer et al. 1981). If a tag signal is detected. during an

aerial survey, we propose to continue the survey while monitoring the tag.
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The approximate location of the tag can be determined by circling the
aircraft at several locations to determine two or more intersecting
bearings. If the tagged whale is within the survey grid, its position can
probably be determined quite precisely from successive bearings acquired
during the survey, along with the variations in signal strength that will
occur as the aircraft approaches and/or moves away from the tag. If aircraftA
endurance allows, the ‘exact location of the whale will be determined during
or after the formal survey. In any case, information about the probable or
exact location will be relayed by radio to other aircraft equipped to monitor

the tags, e.g., aircraft in use by MMS contractors.

When a tagged whale is located, at least to the point of knowing that it
is one of the whales in a particular group, we will record the general
activities and headings of the whales. If the whales are near the drillsite
or other industrial activi;y, a sonobuoy will be dropped and full fledged
behavioral observations will be conducted. |

To search for tagged -whales, one person aboard the aircraft should
monitor the receiver(s) continuously as his primary duty. This is especially
necessary if more than one frequency must be monitored (i.e. if >1 whale has
been tagged). The aircraft will normally carry a crew of four, one of whom
can monitor the receiver while the aircraft is in transit and on surveys.
During behavioral observation sessions while the aircraft circles over omne

area, continuous radio monitoring would not be conducted.

Study Protocol

The study is designed to maximize the number of behavioral data obtained
from whales that are potentially affected by the industrial operation. The

protocol for determining the routing and objectives of each aircraft mission
is described below.

The first step each morning will be to contact the ship-based biologist
and/or acoustic crew to determine whether any whales have been seen or
localized by’ the hydrophone array since the last flight. If no whales have

been noted, then the aircraft would fly from its base at Deadhorse to the
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J .
start of the easternmost transect of the 'Intensive' grid. The grid would be

flown from east to west to maximize the chances of finding whales approaching
the drillingiqperation While maximum fuel reserves remained on the aircraft.
When whales rare_‘_z'fourivd, .the intensive survey -would be _terminaﬁed and
“behavioral observations:.would be initiated, provided that‘fhe'cloud;ceiling
was above .}500,.ft,« the minimum altitud&j'fpr meaningful .behavioral
observatioﬁs.;u.thus, the surveys are used ,Las .the principal systematic
technique,forifinding,whaies to.study._‘Behavioral,observations would be made.
for as long as useful data were being Qbﬁained._:Behavior:sessions'WOuld be
terminated if winds and waves increased above sea state 4,. fog or cloud
reduced ceilings_pelow 1500 ft, or_thg whales moved into heavy ice cover, or
were lost.  Alternately, .if conditions remained favorable,, behavior.
observations would continue as long as fuel reserves;were adequate. A few
minutes at the end of the béhavioral observations would be used to photograph
the whales to determine  their, lengths and. to, document .the presence of.

individually recognizable animals. S .

v

If no whales are found on the 'Intensive' grid,.then the aircraft would
return to Barter Island to refuel (if fuel is still available there in
September-October). The 'Area' grid would then be flown beginning at the
easternmost transect. The same procedures as.on the 'Intensive' grid would
then apply. -That is, surveys woﬁld continue'unti1>whales are fouﬁd, at which
time behavioral observations would be instituted. Photogfaphy would- be
conducted at the end of the behavior session if adequate quantitative
information about behavior had been obtained. ’

_ PR oL

The protocol for the next flight would depend on the results of the
previous flighttl If whales were present during the previous flight or during
the intervening period (as indicated .by the hydrophone array or visual
sightings), then the, subsequent flight.might attempt. to. relocate these whales
to continue behavioral observations and- to document residence_gimes. - This
decision would be made at the time based on.the available.information. The
good judgement of an experienced field.team is required.to determine.the best

specific approach for each flight. e an o .
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Satellite Imagery

As part of the LGL/MMS bowhead feeding study, we will be acquiring and
analyzing digital satellite imagery of the eastern Alaskan Beaufort Sea for
the September 1986 period. The objective is to understand the distribution
and movements of water masses that may affect zooplankton and, indirectly,
bowﬁead whales that feed on zooplankton. The satellite imagery, when suitably
processed on a digital image processor, provides information about sediment
concentration, sea surface temperature, and fronts between water masses. The
distribution of bowhead whales is suspected to be related to some or all of
these oceanographic features (Thomson et al. 1986). Satellites can provide
simultaneous and repeated measurements of these parameters over wide areas

when clouds and ice are absent.

We plan to include the Camden Bay area within the zone considered during
image processing. This will be done at no cost to Shell, and at no additional
cost to MMS. The results may be helpful in understanding the distribution and
movements of bowhead whales through the Corona area during the autumn of
1986.

Logistics Considerations

Operations Base

Two potential bases are.available for use in this study: Kaktovik and
Deadhorse. The principal advantage of Kaktovik is that the Barter Island
airstrip is closer to the Corona study area than is Deadhorse. In addition,
basing at' Kaktovik would allow better communication with the community and
with the LGL crew that will be based there for the MMS bowhead feeding
stddy. On the other hand, basing the SWEPI study at Kaktovik increases the
number of take-offs, landings and overflights that might interfere with the
bowhead hunt or at "least be'perceived to cause interference. We anticipate
relatively smooth relations with the whalers due to our proposed initiatives
(see section on 'Native Hunt/Community Liaison') and we can guarantee close
coordination_ with the LGL crew at Kaktovik. For a variety of reasons,

however, Deadhorse is the preferred base for this study.



The airétrip.at Deadhorse :is better equipped and therefore safer.. Fuel
is deflnltely available, at Deadhorse, whereas*-there is - some doubt. about
supply in Kaktov1k this, year. The.much lower fuel costs at Deadhorse partly

counteract . the 1ncreased costs of. ferrylng to the study area from Deadhorse.

_Accommodatlons ‘and communications are more. readily avallable in Deadhorse.: . -

This should assist daily communlcatlons with: SWEPI.. The NOSC {D., Ljungblad,
S. Moore, Je Clarke, et al.) survey crew, ‘which conducts. the .MMS regional .
surveys stayé at NANA camp at Deadhorse. We propose ‘to stay at the Prudhoe
Bay Hotel, mhich is "mext door bto NANA. This wiil facilitate the daily
coordination;with the NOSC crew. As im 1984 and 1985, we propose to provide

daily reports of whale sightings. to NOSC.and, through them, to MMS. ,

Finally, basing at Deadhorse will allow much better r0utine
communlcatlon ‘with ‘the drilllng operatlon and with. our acoustlc crews ‘at the:
site, In addltlon, in the unllkely event.of a splll, coordlnatlon w1th SWEPI
personnel and activation of’ standby érews would be greatly facilitated 1f the
behavior crey is baee@;;meeadhorsedratherxthan,Kaktov1k. This questlon is
discussed fu&ther in our companion proposal for the “eil ~spill monitering_
program. ? » “f';j;}ﬂieﬁﬂ;f R S
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Aircraft Type

A variety of aircraft types could be proposed for this study but the
DHC-6 Twin Otter provides the beétJEompromise’of reliability, availability,
payload;franée, and-mission sqitability. The minimum requlrements ‘are for a
high-winged kfor’eightabiliti), twin-éngined’ (for offshore safety) alrcraft
with-STOL-capabilities and - a stall*speed”of less “than 80 knots. The slow :
speed performance' is’ essential fbr‘ thé" slow 'Eirciiﬁg‘ ffightg used’ for

behavior studles.- Good single engine" performance is also essentlal.

i C L. . Sl a.i »T,,‘.:
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We assume that ~Alaskan- 011 companles “are’ 51m11ar to Canadlan companles
that 1ns1stwthat offshore fllghts be ’ made only id turblne—powered multi-
engine a1rcraft. "This safety pollcy “is laudable. However, it basiEally

restricts the choice of aircraft to Twin Otters. The “Rockwell Turbo -
" Commander meets the high-winged, turbine engine criterien but lacks the

capability_fer slow flight speeds needed for behavior observations. The most
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suitable (adequate payload and stall speed) alternative to the Twin Otter is
the Britain-Norman Islander but this is a piston-engine aircraft. NOSC' uses
a Grumman Turbo-Goose for aerial surveys but switches to a Twin Otter for
behavior ‘studies. Overall, we recommend that a Twin Otter be used' for the
behavior study, including the' survey and photography components. ' We have
used this type of aircraft on previous Alaskan bowhead studies, including the
ongoing MMS—-funded feeding study. -

Special Equipment

i -

A variety of specialized equipment is required for this‘study.‘ This

equipment includes

- VLF navigation system (e.g., GNS 500A, LRN-70) for reliable..offshore
navigation and positioning,

- radar altimeter for.altitude maintenance during behavior studies and,

particularly, during aerial photography and associated calibration .
flights, ‘ - N

-~ three specialized biibble windows for improved visibility;,
- AC power (110V, 60 cycle),

- marine VHF radio with external antenna,

- life raft and associated safety equipment,

- a six position intercom system with v01ce actlvated, noise cancelling
microphones,

- internal, long range fuel tank (250-300 gal.), and
- belly mounted camera hatch with optical glass.

The latter requlrements greatly 1limits the number of aircraft that are

sultable for the prOJect. In fact, none of the Alaskan-based charter
"operatorf,caq or.w1ll $upp1y a Twin Otter with a suitable camera hatch.“”We

have baged our budgets on a Twin Otter with suitable equipment, inciuéing a -
camera hatch supplied by Empire Airways of Idaho. Empire has suppiied_the
Twin Otters used for bpwheéq,photography at Barrow in the spring of 1985 ,and
1986 by zNational Mariné -Mammal Laboratory (M. Nérini and D; Rugh), at
Kaktovik in the fall of 1985 and 1986 on the LGL/MMS feeding study, and in. .
the fall of 1985 on the LGL/SWEPI Sandpiper Island study. The . cdsts of -

Empire A1r compared w1th local carriers (Cape Smythe, ERA) are discussed in

the accompgnylng cost proposal.



PERMITS

The proposed research on bowhead whales requires permits under the
Marine Mammal Protection .Act (MMPA) and the Endangered Species Act (ESA).
The National Mérine Fisheries Service (NMFS) .in Washington, b.C., 1is the
agency respon31ble for 1ssuance of a combined research permlt under the two
acts. At SWEPI s request we recently contacted the. approprlate NMFS office
to verify that permit requirements and application procedures had not changed
in the past year. We were informed that no changes.had been made and that,
on average,’_it takes about 90 days to process a permit application from
receipt to _date of iseuance; _ Applieations ,can take longer if formal

objections are filed.

LGL Lti. has the required MMPA/ESA permit to conduct all aspects of the
research }nfthis,proposal, This_permi{ (No.. 518) wesuissued onﬁ23.hugust,
1985 and is valid until 31 December, 1987. The studies conducted by LGL for
SWEPI and Unocal in 1985 were covered by this permit. _Studies.in.1986 .are
subject to consultation ;ith-the Regional director of NMFS in Juneau at least
"two weeks.prior to the initiation_of the‘fteld activities, at which time, the
desirability of a NMFS designatedlobserver Qill be determined by the Regional
Director™. This is a standard clause in bowhead permits. , A NMFS observer
was_not?conéidered necessary in 1984 or 1985.

Lot

NATIVE HUNT/COMMUNITY LIAISON

. The Corona drillsite is only about 50 km northwest of the village of
Kaktovik. Although the 31te is west and north of the normal bowhead hunting

areas used by the Kaktovik whalers, there will be concern about potential. .

effects of the distant noise and the associated shipping and aircraft
activities.‘ We propose several initiatives to attempt to minimize real and
perceived 1nteractions betweeh the bowhead studies and the Kaktovik whaling
activities.! The principal thrust of the initiatives is to establish regular
comﬁunicatlons with the whalers. This will be facilitated by the fact that
we (LGL) w}ll have a biological crew stationed in Kaktovik throughout
September 1986. This crew will be conducting behavioral, photographic,

tagging, marine sampling, and aerial survey programs in the area east of
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Kaktovik as part of the MMS-funded study of bowhead feeding. This crew under
the direction of Dr. W. John Richardson of LGL conducted similar studies in
1985 when regular communication with Kaktovik whalers occurred. Although we
propose to establish iﬁdependent community contacts for the SWEPI study in
1986, close coordination with the MMS-feeding study will be necessary since
problems caused by one study will afféct all studies. The full-time presence
of an LGL crew in Kaktovik will provide important backup for our proposed

initiatives for SWEPI.

If we are awarded this contract, we would schedule an information
meeting with the whalers and other interested residents in Kaktovik during
July, A senior representative from LGL and from Greeneridge Sciences would
travel to the community to explain the proposed program and to outline
measures proposed to minimize interactions with whaling. It would be
advantageous to conduct this meeting in conjunction with SWEPI personnel so
that all aspects of the drilling operation can be discussed with the
whalers. (We have not proposed meetings with Nuigqsut since their whaling
activities occur well to the west of Corona. However, if Nuigsut wishes to

have such a meeting, we would certainly schedule one.)

To ensure that regular communication occurs after fhe preliminary
meeting in Kaktovik, we suggest that a ‘'liaison officer' be hired in
Kaktovik. This person would be a native resident of Kaktovik who would be
hired for the duration of the field program (approximately two months). The
duties of the 'liaison officer' would be to communicate with the whaling
crews on a regular (daily) basis to determine whether any interactions with
industrial or biological study activities occur. In 1985, the Kaktovik
whalers were interested 'in receiving daily reports of the activities.of the
LGL/MMS feeding study crews, and about their plans for the next day. We
expect that there will be similar interest in the activity of Shell's
biological and acoustical contractor in 1986. If Kaktovik résidents.have
concerns about any of our -activities, the concerns would be reported
immediately'to the LGL project director (Dr. R.A. Davis) in Deadhorse. If a
serious situation developed, then we would report the details to SWEPI and

arrange a meeting with the whalers.
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On a routine ba51s, we would report our findings and s1ght1ngs to the
'liaison officer' for transmission to the whalers._ Hopefully, sighting data
from the whalers would be passed on to us. lnwaddition{ information on areas
beingfused byfthe whalers would also be obtained to help us, avoid overflying

such areas.

- T ' -~ 10 . o
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» Surveys and other aerial act1v1t1es would not be conducted in areas .
where active whaling is underway.- To this end the southern ends of the
easternmost two transects in the 'Area' grid will be truncated about 10 km
offshore to avoid potential whaling areas. The full transects would be
reinstated after the Kaktovik whalers have filled their bowhead quotar To
further reduce inadyertent interactions with whaling activities, we propose

\.

to carry a CB radio on the a1rcraft so that d1rect communication w1th whaling
crewsnis pos51ble. The Kaktov1k whaling boats carry CB radios. This would
allow the whaling crews to contact the aircraft if they felt that we were
1nterfer1ng w1th their act1v1t1es.__This approach was suggested by some of%,
the whalers last year. The added cost of the CB radio and aircraft antenna

is relatively small.

We believe it would be useful to 1nv1te representatives of the community,
of Kaktovik to accompany us during our flights. This would allow people to
see our techniques f1rst hand and to watch the responses (or lack thereof) of
the animals to our study techniques. Because of the need for a highly
specialized four man crew and for the onboard fuel tank and camera hatch,

L]

only one or two observers could part1c1pate on a particular flight.

T . ,.'-‘\. . o
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There may be some 1nterest in the communities to actually visit the

drilling operation. This 1n1t1at1ve 1s,-of course, entirely up to SWEPI.
One of the pos1tions on the proposed acoustic crew could be filled by native
technicians from the North Slope Borough communities (see Task 1). This
p051tion would be filled by two people rotating on and off—duty at two week
1ntervals. Information about the ship-based studies would be transmitted

back to the communities by these two technicians. _ )

~ - 0
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Finally, it is important to continue the community liaison after the
field program is finished. We recommend that the community be visited during
the winter to present the results of the study. The lack of follow-up visits
reporting on project results is a recurring complaint in Eskimo‘cowmunities.
We have heard this concern expressed in Nuigqsut, Kaktovik, Clyde'Rivér, Pond_
Inlet, and Resolute Bay. The proposed winter visit could be done by project
staff, SWEPI personnel, or a combination of the two. We present this as an
option for consideration; we have not included this visit in our proposed

budget.

CLIENT/AGENCY LIAISON

The RFP requests that provision be made for three trips to Anchorage for
meetings. Each trip would involve the Project Director (R.A. Davis, LGL) and
the Principal Investigator, Acoustics (C.R. Greene, Greeneridge). The
meetings mentioned in the RFP include the MMS contractor's meeting in June or
July; a meeting in early December with SWEPI; and a final meeting in late
winter 1987 to present the study. findings to the relevant state andifederal
agencies, North Slope Borough, and project sponsors. In addition, we have
proposed that information meetings be held in Kaktovik in July and in early

1987 to present the study design and results to interested residents.

We are prepared to accompany SWEPI personnel during early meetings with
the agencies and Borough scientists during the approval phase of the
project. Our presence at such meetings may help to clarify some points and
help to ensure that suggestions for additions or deletions from the study are
appropriate and will, in fact, achieve the desired objectives. In many cases,
apparently reasonéble technical modifications can founder because of the
vagaries of arctic weather and ice conditions, naturally small samples of
animals available for study, and difficulties associated with studying
animals that are below the water surface 757 of the time. We have not made
budget provisions for these early planning meetings with the agencies since
they were not part of the RFP. However, we can accompany SWEPI bersonnel at

these meetings, if SWEPI considers our presence to be helpful.



As noted above, Dr. R.A. Davis would represent LGL at meetings with
agencies. }f for some unexpected reason he is not available, then Dr. W.J.
Richérdson wbuld be available. :Bo;hTDavis and Richardson have extensive
experience &ith these tYpes of meetings and are well-known to .agency and

Borough personnel.

. COORDINATION WITH OTHER STUDIES '

. Because of the high .cost of conducting arctic., marine reséarch, it is
importaﬁf_ ;hat all. studies be closely coordinated .to reduce overlap and
maximize fe;ults_per dpllar expended. Ag_npﬁed in the Introduction to this
proposai, a serious problem will be caused if Amoco is drilling at the iEric'
site which is only 17 n. mi. east of Corona. Major changes to the design of
the Corona study will be necessary beééuse the -Eric site 1is in the major
control area where undisturbed behavior observations would be made on whales
apprpaéhihg Corona. For .the purposes of this proposal, we have assumed that

drilling wiﬂl not ,be occurring at Amoco's Eric site in the fall ‘of 1986. / '

Ongoing Studies L o Lt

Three other bowhead-related studies are probable for 1986. These-
include the ;MMS-funded regional surveys and feeding study which have funding
in place and the gite—specific acoustics study which will probably be funded.
The regionai agriél surve&s are dirgcted by Don Ljﬁngblad‘of.Naval Ocean
Systems Center (NOSC) with Janet .Clarke and Sue Moore of SEACO acting as
field lgaders. ‘We have worked closely with-the NOSC team for several years.
In 1984 ,aﬁd; 1985, . we .provided daily reports of our survey coverage and
whale }sighﬁings to NOSC. . These data were transmitted, with the NOSC
sightings, ﬁo MMS and .NMFS in Anchorage on a daily basis. We propose to stay
at the Prudﬁoe Bay Hotel which is next door to NANA Camp where the NOSC. crew’
is quartered. This will assist communications between the two field crews.

The second year of the MMSFfunded féeding study will be conducted by an
LGL team under:thg direction of Dr. W. John, Richardson. The study will be
baseq at K?ktovik' and. .covers the .area from there to Herschel Island by
aircraft and boat. This study area 1is directly adjacent to the proposed

Corona study area. Close coordination of activities between this study and
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the Corona study will be necessary to avoid unnecessary activity neérnéhe
whaling activities in the Kaktovik area. Very good communications can be
expected between LGL crews on the proposed Corona study M;nd on the
MMS feeding study. ) |
It is expected that the MMS site-specific noise study will be funded
again in 1986. Bolt Beranak and Newman Inc. (BBN) is the prime contractor on
-this sfudy. LGL is the biological subcontractor to BBN on this study.
Hence, we again expect close coordination with the.BBN study team. As an
example of this close coordination, the . LGL/Greeneridge team pro&ided'BBN
with tapes 'of - sounds: from Sandpiper Island and the offshore drilling

operation that we studied for Unocal and SWEPI in 1985. ' o

T Other SWEPI Studies

o RIS : o b

: The ' RFP méntibns‘the“possibility of two other studies that might be
funded by SWEPI in’1986. The first of these involves testing the feasibility!
of infrared scanners to detect whale blows. The preliminary tests of this
techniqﬁe were coﬁducted by Greeneridge Sciences Inc. The results suggested
that blows could be detected only at relatively short distances. Thus,
further .testing of the technique is not warranted at this time. ‘ o

- The other possible SWEPI study involves the establishment of an
elaborate hydrophone array for tracking bowhead calls. ' The array was
designed by -Honeywell Marine Systems. We are not aware whether "this study
will be-funded. in 1986. If the Honeywell array is deployed, then’ close
coordination with the acoustic studies suggested in this proposal will be
necessary. ' We-anticipate that such coordination will be feasible. pr. C.R.

Greene ‘of our'study team has been a consultant to Honeywell during the design

of the array.

0il Spill Contingency Study

A companion. proposal addresses the design and conduct of a scientific’’

N
" study to document” the potential effects of an oil spill on bowheads and their
behavior and migrations. If a spill occurred, then it is obvious that very

close coordination would be‘'required among all researchers in the area. A
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major concern is that study activities mayrinterfefe with each other, making ‘
it difficult to distinguish between the effects of the spill event and the
effects of the study efforts. '

Since most of the pre-spill control data will be colleéted"as paf; of
the main ,C&rona .bowhead study, it is necessary that similar methods and
techniques ‘be used on spill—relatedW.behavidral studies. The bowhead
contractor for the .main Cordna.project should have input to the design (Phase
I) of the bowhea&/oil%spill.contingency program. . - |

Finallﬁ,,the initial. response -to an:oil‘spill should be made by the main
Corona bowhead behavior study team. This is the most efficient means of
obtaining important early post-spill data. Use of this crew ensures a fast
response and compatible study techniques. In addition, the Twin Otter
charﬁered_by the behavior crew is likely to be the only available camera
hatch—equip?ed aircraft in Alaska apart from'thé Twin Otter being used ' on the
LGL/MMS feeding study.

SCHEDULE AND TIMING

Detail$ of the tiﬁing of many-of thHe "major activities of the proposed
study are p&esented in other sections. The relevant sections are 'Permits',
'Client/Ageﬁcy Liaison', and 'Reporting Requirements'. These sections
discuss meeting dates and reporting deadlines. The 'Permits' section is only
relevant in- that it indicates that a ‘potential limiting factor is not

applicableb%n-our’case since we already have the appropriate MMPA/ESA permit.

Hﬁ
~ We propose to conduct the acoustical field work from 15 August to

4

15 October. The end date will be determined by the end of the bowhead
migration and/or the termination of drilling activities and removal of the
ships from :the area. We propose to begin the bowhead behavior studies on
1 Septembeﬁ. This start date was- selected based on the seven years of
migration iata summarized in the 'Backgréund” section. Bowheads are not
expected mnear the: Corona site before September. Behavior studies woulﬁ
continue until the end of migration or'the end :of the drilling operation,
whichever comes first. For budget purposes, we have assumed that fieldwork

will end on, 15 October.
1



REPORTING REQUIREMENTS

Progress Reports

Monthly progress reports will be submitted in five copies to the SWEPI
project manager. These reports will be submitted during the final week of
each month. Each report will include a review of the status of the'budget
and the amounts remaining to be spent. On the technical side, the report
will very briefly describe work performed during the month and any problems

encountered. Deviations from the proposal schedules will be identified.

Draft and Final Reports

¢

Ten copies of the draft final report will be submitted to SWEPI on 16
February 1987.

The RFP calls for a draft final report to be available for the
regulatory agencies by 1 March 1987. This deadline may be unrealistic since
it is entirely dependent upon the timely receipt of comments from SWEPI. We
prefer to undertake to produce a draft final report for the agencies within

10 (calendar) days of receipt of comments from SWEPI.

The final report would be prepared after receipt of comments from the
regu}atory agencies and other outside reviewers. Depending on the extent and
validity of the comments it may take some time to revise the report and have
100 copies printed and shipped. Assuming a reasonable number of comments,
the revision, printing and shipping process would probably take about three

weeks from receipt of agency comments.

The RFP specifically requests that the report be of 'high scientific
quality' or peer review quality. It also specifically requests that the
report not be in brief, cryptic journal style. We agree with this approach
since all data should be presented in enough detail to permit reanalysis
and/&r reinterpretation by other workers. Thus, the final report” will be
quite detailed and complicated. We propose to write an overview report of

the entire study that would provide management personnel and non-technical

96
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personnel with a concise summary of the study and the significance of its

findings.

Research Papers

One ‘ofi the ‘criticisms that has been voiced at recent interagency
meetings_isippe lack of peer review .of the recent studies of the potential
efch;s of industfy activities on bowheads in the Beaufort Sea. We believe
that this criticism is not peally justified. As evidence, we have included a
list of 10 journal papers resulting . from our, study~lof.,bowhead_ behavior .
conducted'fqr’MMS'(see Appendix 1). The preparation of these .papers Qas

funded by MMS. i o -

I

As a ﬁurther response to criticism about lack of peer review, we
recommend tQaQ.SWEPI consider the possibility of.funding a series of papers
based on the results of this study (Corona 1986) and the other industry-
funded bowhead monitoring projects (Seal Island 1982, 1984; Hammerhead 1985;
Sandpiper Island 1985). The four previous studies were all conducted by the
team of LGL and Greenmeridge. Publication of the results of the five studies
would lend credibility to the.industry-funded; monitoring program.-

~ We haveynot proposed a budget. for these papers pending an éxpression of
interest bytSWEPI.W Because 'publication: of journal papers. is beneficial to -
LGL and Greéneridgé, and to our scientists, we are. prepared to -partidlly
subsi@ize_thése_papeqs in conjunction with SWEPI. ol

. »- Bowhead Conference ., .

If the 'present policy is adhered to, the North Slope Borough will again
be sponsogipg‘a conference on bowhead biology in Anchorage in early 1987. We_
pPropose to @akektwq presentations of ,Corona results at .this' conference, -if
SWEPI‘agreg%. . The pépgrs;wogld cover the main, acoustical and biological
results of @hg study. The costs of these presentations are.included in the.
proposed budget assuming that. one of the. three client/agency meetings in
Anchgrage ;s scheduled at the .same ,ﬁime as the North} Slope Borough's

conference.



PERSONNEL
' .
We have assembled a highly experienced team of specialists to conduct
the proposed'research. An important addition to the impressive experiencé of
the individual scientists is the fact that most of the team has worked
together. on previous studies of bowhead whales and arctic acoustics. ' The
group -has an excellent record of producing credible results in spite of the
many . vagaries of arctic logistics in ice-covered waters. Much of “the
‘learning curve involved in successfully conducting complicated integréted
béhavior/acousticystudieSrof arctic whales has been covered. Thus, our team
will .not be subject to problems associated with inexperience or with lack of =
integration associated with a crew whose members have not previouslf worked

together.

Capsule resumes 'of the personnel that we would assign to thié’project"
are presented below ‘with details of each individual's role on the project.

Full professional resumes of the key personnel are including in- Appendix- 3.

 Dre Rolph A. Davis will serve as Project Director for the propbseq '
study. Dr. Davis is -a Director of LGL Ecological Research Associates and
President of LGL Limited. he has been involved with studies of bowhead
whales .since 1976 and has directed- and managed many of LGL's large-scale
arctic marine projects: since 1974. Recently, he directed ‘the 1980, 1981 and
1983 systematic survey. programs for bowheads in the Beaufort Seéa. He also’
directed the development of the vertical photography method for studyiﬁg"’
bowheads during 1981 and LGL's three studies (1982, 1984 and 1985) using the
technique and was senior author of the reports on this work. Dr. Davis
conducted and directed LGL's industry-funded bowhead studies in the Alaskan
Beaufort Sea in the fall of 1982, 1984 and 1985. He has been an invited
expert concerning bowheads and other marine mammals at several meetings of °
the ‘Scientific Committee of the International Whaling Commission. In 1983 he
was ‘invited to present :to the IWC the results of LGL's 1981 and 1982 vetticai
photography. studies, and in 1986 he has been invited to present the results
of LGL's study of bowhead reproductive rates conducted in 1985. ~He'is' the
aut hor Qfxﬁumerous reports and papers concerning bowheads and other marine

mammals. Dr. Davis will participate in the final design and conduct of the
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field program. He will be responsible for all client and agency liason and

will supervise the production of the final report.

~ Dr. W. John Richardson will aséist(the project director with thé design,
analysis and management of the project. He will provide senior review of the
final report and ensure that the results of thé Corona study are integrated
with the .results of the LGL/MMS feeding study -for -which‘ he 1is: project
director. His‘pregen;é in Kaktovik in September will Be beneficial -for. the
very impprtant-communiéations with the Kaktovik'whaiers that.are'required.
Dr. RiFhafdsonlig; by.academic training, an animal behaviorist - and specialist
in aﬁplicafion‘of quantitative procedures to biological field problems. Since -
joining LGL in 1973, he_haslﬁeen requnsiblé for or assisted with the design,- -
management, conduct, analysis and reporting of many of LGL's major field. .
projects in Alaska and Canada. From £980 to 1985, he was 'project director for
LGL's‘study;for MMS of the behavior, feeding, and disturbance responses of
bowhead whalés.summering in the eastern Beaufort Sea; he was involved in all ..
aspecté of éhat project,. including planning, logistics coordination,. field ¢
leader, dataéénalysis, reporting, client liason, participation in meetings,
and'preparaqion ?f publications in the refereed literature. Dr. Richardson
willbbe direét?pg tpe_gecoqd;ygar_of the LGL/MMS feeding study-in the Alaskan
Beaufort Seal in 1956.;_Hg is alsqvthe‘principgl LGL subqontractor!to'BBN on-
the.'MMS;funéed study of site-specific - industrial noise! in the -Alaskan
Beaufort SeaL Dr. Richardson provides a senior, highly qualified back-up to
the Project birector for the proposed project. This is a good example of ‘the
depth of exﬁerience available to this.project.,- Dr. Richardson is .a Vice-

President and director of LGL.

AWilliam‘R. Koski will make behavioral observations and-will act.as the -
pho;ogrépher_‘when vertical aerial photographs of bowheads .are taken. He
participatedv inq:Lé;'s,;spudyb,of, the behavioral Argéctions .of  bowheads to
industrial actiyitiés‘ip the Beaufort Sea for MMS in 1983. . He also conducted
behavioral observapions during some of LGL's .studies of bowheads-that used -
photographic{;echnigues. . These studies .require quantitative .information on
dive profiles. The studies were conducted in 1981, 1982, 1984 and 1985 in
the’Béaufopy Sea for a variety of government and industry cliemts in both

Alaska and Canada. Mr. Koski has an M.Sc and joined LGL in 1973. Since 1977
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he has been field supervisor and/or participant in many of LGL's major mammal
studies. His studies in the eastern Canadian High Arctic from 1978-80
involved bowhead whales and several other species of marine mammals. He has
authored many reports on arctic mammals, including a paper on the status 6f

the Baffin Bay population of the bowhead.

Dr. Peter L. McLarem, senior scientist with LGL, will act as an aerial
behaviorist/surveyor during the proposed field work, and will also be
involved in the subsequent data analysis and report write—up. Dr. Mclaren
has been with LGL Ltd. for 11 years and has conducted many field studies
involving arctic marine mammals. He has extensive experience with bowhead
whales, both in Canadian waters and in the Alaskan Beaufort Sea. He was the
project field leader for LGL's bowhead monitoring study for Unocal/SWEPI/
AOGA at the Hammerhead/Corona sites in the Camden Bay-Flaxman Island area of
the Alaskan Beaufort Sea in 1985. Dr. Mclaren also participated in a study
of bowhead whales near Seal Island for SWEPI in 1984 and in LGL's study of
bowhead behavior and acoustics in the Canadian Beaufort Sea for U.S. Minerals
Management Service. Also in 1985, he was field leader on LGL's study of
bowhead reproductive behavior funded by the Alaskan o0il industry. In
previous years he was project director for major marine aerial survey
programs in Baffin Bay (1978~80), the Labrador Sea (1981-82), and bowhead

wintering areas in the pack ice of Davis Strait and west Greenland waters.

Randall S. Wells will serve as the senior behavioral observer on the
aircraft crew., He completed his Ph.D program on cetacean behavior at the
University of California Santa Cruz during the spring of 1986. Dr. Wells wa
a behavioral observer throughout the 1981-83 phases of the LGL/MMS study of
bowhead behavior and disturbance responses. During that study Dr. Wells
participated. in the development of the standardized behavioral observation
techniques to ‘be used during the present study. He was co-author of several
of the .reports and journal papers that were prepared based on the LGL/MMS
study.: Dr..Wells has also conducted behavioral observations of summering gray
whales in the Bering Sea. He is well-known for his long-term study (1979 to
date) of a population of individually identified bot tlenose dolphins.,

Techniques wused during that study include radio-telemetry; monitoring for
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bowhead whaleé radio tagged: during other 1986 studies will .be one of his
tasks during this study.

Dr. Steven L. Swartz will be a Behavioral observer on' the’ aircraft
crew.. His doctbrate was obtained at the University of California Santa Cruz,
based on field research in 1977-82 on the behavior and other aspects of the
biology of gray whales wintering.in Baja California. -In 1983 and 1984,: he
conducted aerial observations of the behavior of. bowhead whales 1in the
Alaskan.Bea&fort_Sea during autumn, on behalf of the Naval Ocean Systems
Center and_ﬁMs:.The_qbservation techniques used in that study were. those
developéd iﬁ%the 1980-84 - LGL/MMS study;  these .are the same -techniques to be
used .in theipresent study. Dr.- Swartz is vone .of -the editors of a technical
bookhonegrax whales, and he has -recently iconducted radio-telemetry work on '

| . . .
gray whales Psing the same types'of.radio"tags:.that "we:hope to momitor’ -during

a7 ot -, B sove TrL e
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this‘study.
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Michael| S.W. Bradstreet, a. biologist with LGL since 1974, will' act as*'’

br and industrial activity monitor. on’ board the drillship. -Mr. -

whale observ
Bfadstreet«@as extensive ship-based experience in . the Béring Seé,-Beaufort‘
Sea,.Lancasﬁer‘Sound-Baffin Bay and Labrador Sea.. He monitored industrial
activity and.its effects on wildlife .at Thetis island, Alaska, - for Sohio
"during construction. of Mukluk Island. He- also participated -in monitoring --
industrial activity at Seal Island in-1984 for Shell. Mr. Bradstreet has had
extensive experience .studying bowhead whales from land, ship/boat and
aircraft platforms. He monitored bowhead whale migration past Cape Adair,
Baffin Island, for.two monthly. periods in 1978 and 1979. Speed of migration
was determined. through theodolite 'tracking."’ Mr. - Bradstreet -is principal
investigator for LGL's -study of feeding bowhead whales for DIAND in the '
Canadian Beaufort Sea in 1985/86. This study is closely coordinated with the
LGL/MMS .. study of . feeding - bowhead whales: in Alaska. - Mr. - Bradstreet - has * ~
.monitored the fall -migration of:.-bowhead-whales through the Alaskan Beaufort
Sea  during. 1984 and 1985 :for Amoco and .SWEPI; these studies included
behavioral observations, photogrammetry ‘and.monitoring:- of underwater noise '
from Seal .and Sandpiper Islands.. This-extensive monitoring (both real-time

and -post-facto) demonstrates the -importance of .accurate determination ‘of the
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types-and locations of industrial activities for interpreting variations in
‘the sound field. Bradstreet's experience on ships and in industrial -camps
suggests that he will be able to gather the required industry data with

minimal interference. .. -

. CeRe Evans, a biologist with LGL since 1979, will be the fourth observer
on the behavioral observation team. He has extensive experienceviﬁ field
studies of bowhead whales, including participation in our aerial quantitative '
studies . of bowhead behavior at Sandpiper Island for‘SWEPI in 1985. He also
anticipated in the field aspects of our bowhead study at Seal Island for’
SWEPI in 1984.. Mr. Evans recently completed his third season (1983-85) on’
LGL's study- of undisturbed bowhead behavior in the eastern Canadian Arctic at
Isabella Bay._v This study involved shore-based (theodolite-tracking) and
kayak-based observations of behavior of up to 75 bowheads in a coastal fiord
system on Baffin Island. In 1982, Mr. Evans was a member of the field crew
on LGL's aerial photogrammetric studies of ©bowheads for NMFS. In
July-September 1981, he -was a surveyor in our major aerial surveys of
bowheads in, the Canadian Beaufort Sea and Amundsen Gulf for the Alaskan and
Canadian o0il industry and the State of Alaska. The latter study involved
quantitative aerial behavioral observations (about 50 hr) to determine- dive -
times and surface times for the calculation of correction factors to account
for submerged. animals during the surveys. In addition to his experience  with
bowheads, Mr. Evans participated in .other LGL studies of arctic marine

mammals in Hudson Bay, Hudson Strait, Baffin bay and Lancaster Sound.

[
i -

’

Dr. Charles R. Greene will act as senior acoustician. He will supefvisé
the moored buoy array design, procurement, and testing; he will be-present at
Corona for the entire field season; he will direct the acoustic data analysis
and prepare the report on the acoustics study task. Dr. Greene has beeéen
performing underwater sound data collection and analysis during the arctic
, summe:/fall:for the past six .years, most recently at Hammerhead, Sandpiper -
Island, and Corona in 1985. His graduate degrees are in electrical
engineering fromithe Massachusetts Institute of Technology and the University
of California at Santa Barbara. Under-ice acoustic research has been his”
primary interest since 1962, with U.S. Navy sponsorship until the bowhead

whale-related work began in 1980. His work on marine mammal related
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acoustics has included spring, summer and autumn studies in the Alaskan and
Canadian Beaufort Sea, and spring work on the pack ice and fast ice of the
Canadian ngh Arctic. He has worked closely with LGL since 1980 leading to

close coordination between acoustic and blological studles.

Gary 'W._ Hiller, (a w1ldlife biologlst w1th LGL 51nce .1>977 will be
respons1ble for‘analys1s of aerlal photographs. . He will classlfy and
identify the whales on the photographs, and will search for matches with
other photographs obtained in 1986 and prev1ous years. Mr. Miller was a
member of the f1eld crew for LGL's 1981 1982, 1984 and 41985 bowhead
photography prOJects, and was the photographer for part of the 1982 and the
1985 season. He developed the method for categorizing, filing, retrieving,
and matching bowhead photographs. His procedure is now used for the
comprehensive ﬁational\Marine Fisheries Service catalog‘of bowhead_photos,
which we will use to determine whether any whales identified in 1986 were
also identifled in earlier years. Besides hlS work on bowheads, Mr. Miller
has also conducted numerous other studies of marine mammals 1n arctic areas
ranging from\ the Bering Sea to western Greenland. In 1983 and 1984 he
participated’in LGL's study of behavioral reactions of bowheads to industrial
activities in the Beaufort Sea. In 1984, he was also 1nvolved in our aerial
surveys of bdwheads in Alaska for Shell Western and Amoco. In 1985 and 1985,
he is a member of LGL's crew on the MMS feeding study.

Dr. Chrlstopher W. Clark will act as a consultant regarding optimal
design of the acoustic array. After the field season, he will also use his
custom-designed computer system to localize bowhead sounds (and calibration
data). recorded via the array. Dr. Clark has graduate degrees in both
electrical engineering and biology. He is‘presently an assistant professor at
Rockefeller University, where he specializes in quantitative studies of
animal vocalizations, with emphasis on computerized proces31ng of animal
sounds.. He developed a localization system for underwater sounds of right
whales during his graduate research program. He has suhsequently been one of
the principal investigators for the acoustic localization and census study of
bowheads passing?Point Barrow in spring. This study is entering its third
year in spring 1986;vit is funded by the North_Slope Borough. Dr. Clark

worked as a consultant to LGL in 1980-85, when he was responsible for
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analyses of bowhead calls recorded by LGL via air-dropped sonobuoy techniques

in the Canadian Beaufort Sea.

~ Dr. Wm. T. Eiiison, chief scientist with Marine Acoustics of Clinton,
Mass., will act as a éonsultant to LGL and Greeneridge regarding the optima
design of the acoustic array. He will also provide external independent
review'of other aspects of the project plan and the draft report. Be is a
graduate of the U.S. Naval Academy and M.I.T. Dr. Ellison specializes in
studies of underwater acoustics in the arctic, where he has conducted
researgh on physical acouétics for the U.S. Navy and biological acbustics for
various agencies. He is one of the principal investigators for the acoustic

localization and census study of bowhead whales passing Barrow in spring.

LGL is aware that Drs. Clark and Ellison are ‘also participants in
another proposal to SWEPI for this project. They have both agreéd to work
with LGL if the projeét is awarded to us. We have included them on our
proposal because of their experience with the North Slope Borough-funded
localizatioﬁ study. Their inclusion on this project will allow important

comparisons between the spring study and the fall Corona study.
CORPORATE STRUCTURE AND PRIME SUBCONTRACTOR
LGL Group

The LéL éroup consists of three employee-owned research companies..
Ownership of the three companies is interlocking and the Boards of Directors
of the three companies are also interlocking. The three firms each maintain
particular fields and areas of expertise; this expertise is readily available

to the other companies. The three companies are

- LGL Ecological Research Associates, Inc., Bryan, Texas
- LGL Limited, King City, Ontario

— LGL Alaska Research Associates, Inc., Anchorage, Alaska

LGL E&oldgical Research Associates, Inc., of Bryan, Texas is the corporate

entity submitting this bid. The study team has been assembled from the three
component companies.
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LGL has}been conducting arctic research in Alaska and northern Canada
‘since 1971.1

The group has conducted research for a wide variety of
government aéd industry clients, many of them repeat. customers. LGL has been
able to builq-up a stable work force of experienced staff biologists who have

- |
conducted se#eral arctic studies of similar size and complexity.

1 - -
T

Greeneridge Sciences, Inc.

| .y
N

The principal SuBcontractdr to be used on_the prbpdséd étudy is
Greéneridge ?cienées, Inc. of Santa Barbara, Califorqia. Gfeengridge will pg
responsible for the acoustic phase (Task 1) of the study. Although
Greeneridge is a relatively new company (formed in 1983), its president and
senior scie@tist, Dr. C.R. Greene, hés conducted arctic acoustic research
since the 1960's. He has been closely associated with LGL studies of whales

and acoustics since 1980. Major joint field research projects have been

conducted during each of the six years beginning in 1980.
CORPORATE EXPERIENCE

LGL has a long history of studies of bowhead whales  ad of integrated
behavior/acousfical studies of offshore industrial activitiés. LGL first
began studying bowhead whales in 1974 and has been actively involved with
this specieé fof the past 12 years. .fhél’majority. of aur work has been
related to ‘the status of the pbpulations and the potential effects of
offshore o0il and gas exploration, produLtion and transportation. ‘WQ have
conducted many of the major government-sponsored research projects on
bowheads and most of the oii—industrf funded moniforing.studies of - bowheads.
Most of our joint biological/acoustical studies_ have been_ ponducted in
association with Dr. C.R. Greene and Greeneridge Sciences Inc. ‘We have
conducted joint studies since 1980. This experience éhas allowed us to
achieve fully integrated studies in which the acoustical results are directly

relevant to the biological questions of interest.

The following sections present lists of "studies that we have conducted
that are relevant to the present proposal. - More detailed descriptions of

these and other projects are presented in Appendix 2.
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Alaskan Bowhead Monitoring Studies

LGL and Greeneridge have conducted most of the industry-funded bowhead

"monitoring studies to date. These include

- construction of an artificial gravel island (Seal Island) in 1982 for
Shell 0il Company, Houston (with C.R. Greene).

- exploration-related activities on an artificial island (Seal Island)
in 1984 for Shell Western E & P Inc. (SWEPI), Anchorage (with
Greeneridge Sciences Inc.). :

- seismic exploration in the eastern Alaskan Beaufort Sea for Amoco
Production Company, Denver.

~ exploratory drilling from a drillship at the Hammerhead site in Camden
Bay in 1985 for Union 0il of California. Part of this study was

-funded by the Alaska 0il and Gas Association (AOGA) (with Greeneridge
Sciences Inc.). ’

- icebreaking noise measurements using a drillship at the Corona site
for SWEPI in 1985 (with Greeneridge Sciences Inc.).

- exploratory drilling from an artificial island (Sandpiper Island) in
1985 for SWEPI, Anchorage (with Greeneridge Sciences Inc.).

In addition to these field studies, we prepared environmental reports on the
potential effects of exploratory drilling on bowheads for Global Marine Inc.
for their CIDS sites off Harrison Bay; for Sohio Alaska Petroleum Company for
their Mukluk artificial island; and for Placid 0il for several potential

drilling sites in the Alaskan Beaufort Sea.

Government-funded Research Programs

LGL has conducted several relevant research programs for government

agencies. These include

- A'major five year (1980-84) study of the potential short-term effects
of offshore exploration and underwater noise on bowheads. This study
was funded by the U.S. Minerals Management Service (MMS) but conducted
in the Canadian Beaufort Sea where offshore exploration has been
conducted since 1976 (with Greeneridge Sciences Inc.).

- An intensive two-year (1985-86) study of the importance of the eastern
Alaskan Beaufort Sea for feeding bowhead whales is being conducted for
Minerals Management Service (with Greeneridge Sciences Inc.)



been

| 107

- As the biological subcontractor to BBN Inc., we are participating in

the MMS-funded study (1985-86) of industrial sources of underwater
noise in the Alaskan Beaufort Sea. . -

- An ihtegrated study of the feeding ecology of the gray whale was
conducted in the Bering Sea for the OCSEAP program of NOAA.

- A study.of the length distribution and reproductiye biology of the
bowh%ad whale was conducted in 1982 for the National ‘Marine Mammal
Laboratory (NMFS), Seattle. '

- An experlmental study of the long—term effects of offshore exploration
on bowhead whales was conducted for Canada Department of Indian and
Northern Affairs (DIAND) 1n the Canadian Beaufort Sea in 1984.

v o B

- A study of feed1ng ecology of bowheads ‘and the oceanography of Yukon

coastal waters was conducted for DIAND in 1985.

- LGL }is the .principal. eontractor. for the Beaufort Environmental
Monitoring Project (BEMP) which has focussed on the potential effects
on bowhead whales of. of fshore production in the Canadian Beaufort

Sea. | Funded by the Canadian Departments of Env1ronment, Fisheries and

Oceans, and Northern:- Affairs.

Industry-funded Studies

L, e . ‘ R

We have conducted a variety of additional studies of bowheads that have

funded ;by the Alaskan and/or Canadian oil industries. These include

L

= A major two-month, two alrcraft census of the Western Arctlc bowhead

popu%atlon on its summering grounds in the eastern Beaufort Sea and

Amundsen Gulf in 1981.- This study was funded by a consortium of seven -

Alasﬁan and three Canadian oil companies and the State of Alaska.

- A maJor field study (two a1rcraft) of the reproductive rate of the
bowhead whale for a group of ten Alaskan oil companies and three.
government agencies in 1985.°

—~ Studies of the distribution of bowheads in relation to .offshore
exploration in the Canadian Beaufort Sea in 1980 and 1983 for Dome
Petroleum, Gulf Canada Resources and Esso Resources. ’

- Surveys of the distribution and fall migratlon of bowheads out of the

Canaqlan Beaufort Sea 1n October 1985 for Shell Western E &P Inc.,
Anchorage.

b ,'-

- A major literature review of the effects of offshore oil and gas
activities on cold water marine mammals for the American Petroleum
Institute, Washington (with C.R. Greene).
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Eastern Arctic Bowhead Population

P ¥y

LGL has also conducted a variety of studies on the distribqtion and
behavior of bowheads in the waters of the Canadian eastern - arctic. and
Greenland. Studies were conducted in all but one of the 12 years from 1974
to 1985 and covered the full species range from the pack ice of the wintering
grounds in Hudson Strait to summering areas in Baffin Bay and ;He 'High
Arctic. Sponsors of these studies have included industrial consortia suéh as
the' Polar Gas Project, Arctic Pilot Project, Norlands Lancaster Sound gfoup,
and Petré—Canada EAMES projeét. Other clients in this area hé@e included
DIAgD, Fishe;ies and Oceans, and World Wildlife Fund (Canada).

1]

. Acoustical Studies — Greeneridge Sciences Inc., .

PRy
SO TRe ot

5

Greeneridge Sciences has conducted several field experiments for
underwater sound data collection and analysis involving the influence of

industrial sounds on marine mammals.

'The first field trip was a month-long effort in two places: in Baffin

Bay'to_record,the sounds of the Canadian Coast Guard Ship John A. MacDonald

breaking ice at various ranges, and in Lancaster sound recording sounds of
narwhals, white whales, and ships breaking ice in the vicinity. At the same

time biolpgists monitored whale activity. The work was funded byi the
. Canadian Government aﬁd several industrial concerns through the Deparﬁment of
Indian Affairs and Northern Development. The data collection was success-
fullylcompletéd and the resulting reports submitted. LGL Ltd. in Toronto was

L

the prime contractor and performed the biological work.

Field triﬁs”to the’Canadian Beaufort Sea were conducted in Auguét évéry
year from:i980—1982. The,pfdject was funded by the U.S. Department of:the
Interior, Minerals Management Service, with the objective of 1earping how
indusiri;l\acpiﬁigieé,affect bowhead whales. Greeneridge was respéﬁéibié for
coliecting underwater sound data from industrial sources and for projeptiﬂg
previously recorded industrial sounds in the presence of whales while
' biol&gists observed whale reactions, if any. The data collection effort was
successful. Data analysis and reporting have been completed. LGL was the

prime contractor on this five year study.
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’ Greenerldge part1c1pated in the NOSC study of seismic noise and bowhead
whales in the Alaskan Beaufort Sea in September 1983. The sounds from a
vse;smlc_exploratlon airgun array at var1ous distances were recorded.

In, 1984, Greeneridge conducted, the acouStie portions-ofqthe Seal Island
- monitoring program for Shell Western E and P. The study included the use of

an acoustic array and boat- and alrcraft—deployed hydrophones.

In 1985, Greeneridge undertook several acoustic studies im the Alaskan

Beaufort Sea in conjunction with LGL Ltd. = These studies involved the

drilling operatlon at Hammerhead which used the Canmar Explorer II, Robert

lemeur, and Canmar Supplier _l. This study was funded by Unmocal and the

Alaska 0il and Gas Association (AOGA). In addition, acoustic measurements

were made of the icebreaker Robert Lemeur at Corona for SWEPI and drilling

from an artificial island (Sandpiper) also for SWEPI;

In all of these projects, tape recordings from the field tests were
analyzed to- determine the frequency spectrum distribution of the noise power,
separating :the tonal and random components of the noise quantitatively.
Sound levels in standard l/3—octave bands and in other, wider bands were
_ computed. ‘Natural and industrial sounds alike have been analyzed in this

way. All equipment has been calibrated ‘to ‘permit referring all sound levels

to a standard unit of sound pressure.

Transient sounds, like airgun array signals and bowhead calls;.have been.

analyzed to determine their sound pressure levels. Such signals have been
analyzed 1nto their frequency components as a functlon of time and displayed
as waterfall spectrograms. These displays present the variation of a

51gnal's power vs., time and frequency.

For many industrial noise sources, sound levels have been measured VS,
distance from the source. From the data; equations have been derived to
moedl the received sound levels as a function of range, permitting sound
levels to be predicted for other ranges than those measured. This technique
has been useful in providing information on ranges at whlch bowheads mlght be

influenced by sound from a specific source.



110

Dr. Charles Greene 1is the President and Principal Scientist at
Greeneridge Sciences. His personal experience with passive acoﬁstic ranging
systems Began while he was with the U.S. Navy, where he worked on data
display, automatic tracking of passive sonar targets, and a system for
tracking torpedos using only the noise made by the running torpedo. He has
~worked on underwater acoustics research problems in the arctic since 1962,
addressing problems including ambient noise and sound transmission loss,
absorption at high frequencies, the coherence of ambient noise, sound levels
from industrial sources including aircraft, drillships, semisubmersibles,

boats, and dredges, as well as sounds from bowhead whales.
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This list shows the journal papers that have been preparéd'based'éﬁ_the

LGL/MMS study of the behavior and digturbance:fe5ponsés of bowhead whales. ..

Normal Behavior Papers

Wirsig, B.,}E.M. Dorsey, M.A. Fraker, R.S. Payne, W.J. Richardson and R.S.
Wells.!| 1984. Behavior of bowhead whales, Balaena mysticetus, summering
in ‘the Beaufort Sea: surfacing, respiration, and dive
characteristics. Can. J. Zool. 62(10):1910-1921.

Warsig, B.,‘E.M. Dorsey, M.A. Fraker, R.S. Payne and W.J. Richardson. 1985.
Behavi?r of bowhead whales, Balaena mysticetus, summering in the
Beaufort Sea: a description. Fish. Bull. U.S. 83(3):357-377.

Wiursig, B.,‘ E.M. Dorsey, M.A. Fraker, R.S. Payne and W.J. Richardson. in
press. |[Behaviour of bowhead whales, Balaena mysticetus, summering in the
Beaufort Sea: a summary. Rep. Int. Whal. Comm. (Spec. Issue 8).

Wirsig, B., E.M. Dorsey, W.J. Richardson and R.S. Wells. MS. Feeding, aerial
and play behavior of the bowhead whale, Balaena mysticetus, summering in
the Beaufort Sea. Submitted to 'Arctic’ ' \

Dorsey, E.M., W.J. Richardson and B. Wirsig. MS. Factors affecting

respiration, surfacing and dive characteristics of bowhead whales,
Balaena mysticetus, summering in the Beaufort Sea. In revision.

Disturbance‘Papers
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Industrial Noise Papers
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Summer distribution of bowhead whales, Balaena mysticetus, relative to
0il industry activities in the Canadian Beaufort GSea, 1980-84. 1In
.revision for 'Arctic'.
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LGh'Limlted ‘has conducted a large number of studies e bowhead whales andvh

other arctic marine mammals.' Thls attachment contarns brlef descrlptlons of

some of the| more relevant of these studles. Many of these studles were

conducted in association with Greeneridge Sciences;lnc.,MSanta Barbara, CA.-

C - o el e

‘Monitoring the Responses of Bowhead ' Whales to Briliing'frcm‘Sandpiper
Island during the Fall Migration. This study was conducted by LGL in 1985
for Shell Western E & P Inc. Thls was’ the first case where active drilling.

from an arqlflclal island was permltted durlng the fall migration. ;. The.

levels of underwater noise associated with the operation were measured.? The

responses ot whales ‘were ‘studied using a combination of systematic aerial
surveys and |behavioral observatlons. The approximate age. of the animals and-

their individual identity were ‘examined using aerial photography. In
addition, hydrophones were monitored continuously to .determine if bowheads
were present .near:the’ 'island. durlng periods when aerlal surveys were not-

being condudted. Underwater acoustlc measurements were made by. Greenerldge

Sciences Inc. - : ' o i ——

‘ L. ST FETES AP

Evaluatﬂon of Underwater Noise Levels Associated with Offshore Drillship-
Operations dnd.the Migration Patterns of Bowheads at Hammerhead Site, Camden
Bay, Alaska. Detailed measurements of underwater noise .levels .associated
with offshore drilling operations werée made by Greenerldge Sciences Inc. as a
subcontract to LGL. ‘A five hydrophone moored array was tested to assess 'its
efficiency for monitoring bowhead whale travel routes. The array also
provided datla to assess the variability of noise emanating from the drillship

operation. |The array was designed‘and.operatéd by'Greener;dge Sciences Inc.-

Bowhead whales were monltored us1ng systematic - aerial surveys to
determine the routes used by. migrating’ whales.h Emphasis was placed on the
dlstrlbutlod patterns near' the several potentlal drillsites. Drilling was
not - permltted at the Hammerhead site during the  bowhead migration. Thls
study was funded by Unocal and the Alaska 0il, and Gas _Association (AOGA)

R

i

Assessment - of the Effects of Actual Drillship -Operations on Bowhead;f

Migration in Ice-infested Waters. Shell Western E & P Inc. obtained a permit
to drill from a drillship (Canmar Explorer II) at the Corona site in the
Alaskan Beadfort ‘Sea during the fall bowhead migration. Associated research
was de31gned and' conducted by LGL. - The research included detailed aerial
behavioral observatlons, systematic aerial surveys, ..and aerial photography.

The program was curtailed by heavy ice and the resultant cancellation of the*

drilling program., Efforts were made to document levels'of underwater sound::
from icebreakers operating in the area. Prellmlnary meaSurements ofe ice~.
breaker noise were made by Greemeridge Sciences Inc..
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Studies of the Potential for Drilling Activities at Seal 1Island to
Influence Fall Migration of Bowheads Through Alaskan Nearshore Waters. This
study was conducted in the fall of 1984 for Shell Western E & P. It involved
systematic aerial surveys of bowhead distribution and acoustic monitoring of
industrial noise and bowhead calls. Acoustic -studies included the use of
arrays to localize whale positions as well as documenting levels of

industrial , and ambient noise. The acoustics :phase was conducted by
L . “ .
Greeneridge Sciences Inc. : . - .

Effects of Island Construction in the Alaskan Beaufort Sea. This study
was conducted by LGL for Shell 0il in 1982. The study was designed to
determine the responses of marine mammals and birds to various activities
associated with construction of a gravel island. The study included
monitoring the underwater sounds resulting from various construction
activities as well as  underwater vocalizations of seals and whales during and
after island construction. ‘Acoustic monitoring of the fall bowhead migration:
was conducted, and aerial surveys were used to document the timing and
proximity of bowhead migration past- the artificial island. The acoustic
monitoring was conducted by Dr. C.R. Greene, then of Polar Research Lab.

R

Behavior. of Bowhead Whales in the Presence of Offshore 0il and Gas
Industry Activities. 1In 1980-84, on behalf of the U.S. Minerals Management
Service, LGL performed a five-year study of the behavior of bowheads and the
possible disturbance effects of offshore o0il and gas industry activities,
particularly offshore drilling, seismic exploration, and other. activities
that produce underwater sounds. The aim was to study short-term behavioral
reactions -to -industrial activities, although distributional data from 1980-84
were. also -analyzed as a first attempt to determine if there is iong-term
displacement. - :A comprehensive review of available information concerning
these topics was prepared early in the study.

. The types of activities studied in the field included -aircraft and
marine traffic, construction of artificial islands, drilling, and underwater
seismic exploration. LGL's approach was to apply both experimental and
observational techniques. Controlled experiments involved observation of
bowhead : behavior before, during and after disturbance by boats, aircraft,
etc.. Considerable effort was also expended in determining the normal
behavior patterns of bowheads, and in measuring the characteristics ‘and
propagation of .industrial mnoises present in the water mnear ongoing
exploratory operations. LGL has submitted several papers based on this study
for publication in scientific journals. Greeneridge Sciences Inc. conducted
the acoustic portions of this five year study.

Site-Specific Study of Industrial Noise Sources in the Alaskan Beaufort
Sea. .LGL is acting as ‘a subcontractor to BBN Inc. in this MMS-funded study.
The study cohducted in 1985-86 is designed to document noise levels of
various industry activities and the patterns of transmission loss of these

sounds! LGL is providing expertise related to the potential zones of
. influence of these activities on bowhead whales. :

Importance of the Eastern Alaskan Beaufort Sea to Feeding Bowheads.
This two-year study, which began in 1985 on behalf of U.S. Minerals
Management Service, is designed 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. The study is
addressing both the feeding activities of bowheads in the eastern Alaskan
Beaufort Sea 'and also the availability, distribution, patchiness and energy
content of prey. Activities and residence times of bowheads in the area are
being studied through the use of (1) aerial and boat._surveys of distribution,
numbers and  movements; (2) observations of feeding behavior and other
activities; (3) photogrammetric work to study’ population. composition and
recurrence of identifiable individuals in feeding areas; and (4) Tradio-
tagging of individuals to assess detailed activity patterns.

Studlestof bowhead prey 1nclude (1) hydroacoustlc surveys to determine
zooplankton dlstrlbutlon and relative biomass in various areas amd positions
in the wateq_column (2) net sampling at selected stations and depths to
determine actual numbers, biomasses and species composition, and to provide
zooplankton samples for size~frequency, calorimetry,. and other amalyses; (3)
boat-based measurements of water temperature, salinity and chlorophyll
content; (4)! aerial remote sensing of water temperature, -chlorophyll and
sediment content on a near-synoptic basis; and (5) digital processing of
satellite 1magery to acquire synoptic data on sea surface temperature and
water color on the few cloud-free days.

'The final report'for this study will include an -estimation of the "total

energy needs | of the Western Arctic bowhead stock and an assessment of the
contribution of the eastern Alaskan Beaufort Sea to that total.

Reproductlve Parameters of the_Bowheadehale and the Status of the
Western Arctic Bowhead Population. . This project, conducted im 1985, was
designed to jprovide an estimate of 'Gross Annual Recruitment Rate (GARR),
defined” as the number of calves as a proportion of the population, for the

|
Western Arctlc stock of bowheads and to provide other information about
populatlon status (proportion of yearlings, calving interval, etc.). A
subsldlary obbectlve of the study was to assess geographic segregatlon on the

summer range‘of animals of different age and reproductlve ‘classes.

‘The study’was conducted by means of extensive systematic'aerial‘surveys
in both Amundsen _Gulf and the: -Beaufort Sea. Bowheads were photographed
whenever _they were encountered with the objective of photographing as ‘large a
proportion of‘_the population, : and -especially the adult ‘ population, ‘as’
possible. Age classes will be assessed through- length measurements, and it
is hope’ that‘calv1ng 1nterval can be estimated through repeat 1dent1f1catlons

of females photographed with calves in previous years. ‘Data analysis "for
this "project is ongoing. - ' o

This proJect is funded by a consortium ‘of :ten Alaskan 011 companies

(managed by ?tandard Alaska Production Co.) and three government departments
(U.S. National Marine Fisheries Service, Canada Dept. Fisheries-and Oceans,

and Canada.Dépt. Northern Affairs).

'Food Availability Characteristics of the Offshore Yukon Coast to the ©
Bowhead Whale. The primary objective of this study conducted in 1985, was to
gain a better .understanding of. thé importance of the Yukon mnearshore and
adjacent marﬂne areas in the annual energy budget of the bowhead whale. Data
collection techniques included sampling of zooplankton by means of both

oblique and |surface bongo net tows, hydroacoustic sampling to assess the




extent of zooplankton patches, and collection of physical oceamographic data
both by satellite and directly. Samples were collected in a systematic grid
off the Yukon coast. In addition to the samples . taken im this grid,
horizontal bongo tows were made in areas where the echosounder indicated
zooplankton patches, .and also when feeding bowhead-were encoumtered. Data
analysis for this project is nearing completion. The results of this study
were compared with the results of other studies of bowhead whale distribution
in the area. The study was funded by Canada Department of Northern Affairs.

Studies of length-Frequency Distribution and Individual Identification
of Bowhead Whales Using Low-level Aerial Photography in 1982. This study was -
conaucted in the Beaufort Sea for the U.S. National Marine Fisheries Service
during August 1982. The project involved the wuse. of vertical aerial
photography from precisely measured altitudes to obtain photographs’ from
which the lengths of animals could be measured and animals could be
identified based on color -and scar patterns. Photographs were taken using a
6x7 cm camera shooting through a floor camera hatch. A total of 728 whale
imagés were obtained from which 436 measurements were made; 206 individual
whales would be identifiable in future years. Average errors associated with
the measurements using this technique were estimated to be less than 1.5%.
Additional information obtained from the photographs included am estimate of
percent calves in the population and the distances travelled by individual
animals between resightings. Application of this remote sensing technique to
this endangered species over a period of years could provide additional
information such as the calving interval for individual females, estimation
of population size via mark-recapture methods, and analysis of the tendency
to return to the same site in later years. The results of this pilot study
were encouraging. Results were presented to, and defended at, the Scientific
Committee of International Whaling Commission.

Distribution, Numbers and Productivity of Western Arctic Bowhead Whales
in 1981. 'In 1981 an extensive aerial census program was conducted in the
Canadian “Bedufort Sea. The purpose of this census program was (1) to
determine the distribution and movements of bowhead whales in the Beaufort
Sea and Amundsen Gulf, and (2) to obtain information from which a population
estimate could. be derived for comparison with estimates derived from counts
of bowheads migrating past Point Barrow, Alaska. The study area extended
from the Alaska-Yukon border to the east end of Amundsen Gulf and from the
coast north to 72°N, an area of approximately 210,000 km“. Four complete
censuses of thlS area were attempted using 10%Z or 20% coverage in different .

portions of the study area. Two aircraft and eight aerial surveyors
onducted these strip transect censuses from mid July to mid September.

Total numbers of whales present in the study area were estimatqd for

each survey period using mathematical and statistical procedures derived . .

specifically for the study. Correction factors were derived (1) to estlmate
the numbers of whales at the surface that were missed by the observers, and
(2) for the proportion of whales that were below -the surface (and hence not
visible) at the time of the census. Estimates of bowhead population size
using these methods;suggested that the population was probably larger than

3842 animals. Results were presented to Intermational Whaling Commission in
1982. . ’ " : .

-
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In addition to meeting the main objectives, vertical photographs of
bowheads were|taken. These proved usable for measurements of animal lengths
and for 1nd1w1dual identification of bowheads. Prellmlnary length-frequency
histograms were constructed. This was the first attempt to develop a method
to study 1nd1v1dually recognizable, free—ranglng bowheads. -

This study was funded by Sohio Alaska Petroleum Co., Dome Petroleum,
ARCQ Alaska, BP Alaska Exploratlon, Chevron - U.S. A., Exxom, Phillips
Petroleum, Shell 0il, Esso Resources Canada, Gulf Canada, and the State of
Alaska. ‘ R

 Long-term Effects of Offshore Industrial Activity on the Bowhead Whale
in the Canadian Beaufort Sea. This study. involved intensive use of-  aerial

photography to determine the dlstrlbutlon, behavior, movements amd residence

times of bowheads near industrial ‘activities and in unaffected control

areas. The study focused on a small part of the Beaufort Sea yet over 1000

images of bowhead whales were obtained. The 1984 study was fumded. by three.
departments of the Canadian government. A S E -

Distribution of Bowheads Around Seismie Exporation JVessels'{in. the.
Alaskan Beauflort Sea. 'In September 1984, as part of an. operating permit,
Amoco was required to monitor the presence of bowhead whales near operating

seismic boatst LGL conducted daily intensive aerial surveys around and east '

of the boats. When whales were detected east of a boat, an estimate was made
of the time that would elapse before the whale would be within S_n;mi. of the
vessel, and t?is information was relayed by radio to the vessel.

Aerial §urveys of Bowheads in the Southeastern Beaufort Sea in 1580.
During ‘the perlod from early August to early September 1980, LEL conducted
three aerial \surveys of the numbers and distribution of bowheads off the
Tuktoyaktuk Peninsula and Mackenzie Delta for Dome Petroleum and ‘Esso .
Resources Canada™ Ltd. Calf counts were, conducted, and potertial biases:
discussed. Very large numbers of bowheads were found close to shore,
1nclud1ng many near 1ndustr1al sites, during this study in 1980.

Factors Determlnlng Bowhead Whale Dlstrlbutlon in the Beaufort Sea: A
Feasibility Study. This study involved a retrospective analysis of data from

1980-83. We attempted to determine whether the - observed variable
distribution of bowheads in the Canadian Beaufort Sea can be correlated with
easily measur?ble physical oceanographic features. The study examined data

on winds, hydrology of the Mackenzie River, temperature and salinity
measurements taken from drillships, and satellite imagery. --The study was
funded by the|Environmental Studies Revolv1ng Fund.

Aerial Surveys of Bowheads in the Southeastern Beaufort Sea in. 1983.
This study was conducted by LGL in 1983. These systematic surveys were part
of an ongoing\induStry—fhnded attempt to monitor the distribution patterns of
bowheads in the areas of the Canadian Beaufort - Sea where high levels of
offshore 011‘ and gas exploration activities are occurrlng. Two aerial
surveys of the area from the Alaska-Yukon border east to Cape Bathufst, and
from the shore north beyond the edge of the continental shelf, were conducted
in late August and early September. The distribution and movemeats of whales
were evaluated, and numbers in the main area of offshore oil exploratlon were
compared with those elsewhere in the study area.




Review: of Effects of ‘Offshore Operations of the Petroleum Industry on
Cold Water ‘Marine Mammals. ~On ‘behalf of the American Petroleum Institute,
LGL completed a critical review of the literature relevant to effects of (1)
waterborne noise and (2) other aspects of offshore industrial operations on
marine mammals. Topics reviewed in detail included.. characteristics and
propagation of industrial - noise, hearing capabilities of marine wmammals,
production and use of sound by marine mammals, noise masking, documented
reactions of marine mammals to noise and other' human-related activities,
habituation to ongoing industrial activities, and effects of oilspills on
marine mammals. This study was oriented toward Alaskan species and
operations, but the worldwide literature was used whenever relevant (e.g., in
documenting characteristics of sounds from offshore drilling rigs and hearing .
capabilities of marine mammals). Special efforts were made to include
information from current studies and from earlier studies that were not .
widely known or not publlshed in the primary literature.

,Dlstrlbutlon of Feeding Bowheads in the Eastern U.S. Beaufort Sea.
Bowheads move west from Canadian to Alaskan waters in September, and continue
to feed near the border. Bowheads in this area were studied by LGL in
September 1982 as part of a larger interdisciplinary study of the eastern
Alaskan Beaufort Sea sponsored by the U.S. government (NOAA/OCSEAP). Very
high numbers of bowheads were documented in the coastal and nearshore waters
of this area.

Env1ronmental Effects of Gas Shipment Via Icebreaking LNG Carriers. In.
1977-1978, LGL began field studies of the potential environmental effects of
a plan to ship liquefied natural gas from Melville Island to am east coast
port via icebreaking LNG ships (the Arctic Pilot Project). More recently,
existing information about the physical and biological systems along the
transportation route south to the Gulf of St. Lawrence was also reviewed,
with - emphasis on evaluating the 2zone of influence and consequences of
year-round icebreaking on bowheads and other marine mammals plus seabirds.
Effects of noise and other forms of disturbance on pinnipeds and whales were
one of the main subjects evaluated. 1In early 1981, a workshop to assess the
potential effects of noise from the LNG carriers on marine mammals was held,.
with major participation by Dr. R. Davis of LGL. Dr. Davis has subsequently
participated in the Canadian-Danish working group established to deal with
the international aspects of this potential problem.

In March.of 1981 and 1982, large-scale systematic aerial survey programs
were undertaken to document the distribution of overwintering marine mammals
(mainly bowheads, white whales, narwhals and walruses) in pack ice habltat-
between Greenland and Baffin Island where the LNG carriers would pass. With
" supplementary funding from Petro—-Canada and the Dept. of Fisheries and
Oceans, - the ‘surveys were extended south to Labrador, and west through Hudson
Strait’ and across northern Hudson Bay. These studies revealed a major

wintering area in Hudson Strait and a wintering area south of Disko Island,
Greenland.

Marine Ecology of Northwest Baffin Bay and Lancaster Sound. In l97é and

1979,. LGL Ltd. conducted systematic studies of marine mammals, seabirds, .

fish, benthos and plankton in the northern part of Baffin Bay for;?etro-
Canada' Exploration as part of the EAMES project. The marine .mammals
components of this study included extensive aerial surveys of coastal and



offshore waters (total survey- length over 150,000 km) and .shore-based.
migration watches to provide systematic information about the distributions,

. numbers, wintering areas, migration routes and timing, summering areas, and .
habitat dependencies of whales and other wmarine mammals. Population
estimates were made for all important species by-determining the extent of
available habitat from satellite imagery and by incorporating into the aerial
survey results correction factors for animals present but not recorded within
the .survey area. Bowheads were censused by counting.them from shore during
their autumn migration ‘along the coast of Baffin Island. Extemsive habitat
analyses were  conducted using appropriate statistical techniques for all
" marine mammal species identifying types of habitat (i.e. coastal, ice edge,
pack ice edge, or offshore) and ice cover categories that were selectively
used by each species. Preliminary results on bowheads and white whales were

presented to, the International Whaling Commission. Overall, about 20
scientific papers from these biological studies have been published in the
primary literature. - ' ’

Studies lof. Bowheads at Isabella :Bay, Baffin Island. LGL completed a
threg.year'sﬁudy of bowheads at this important summer concentration area in
1985. This lstudy was funded by the World Wildlife Fund of Canada and
involved ‘stuqies of the behavior of bowheads including acoustic studies
designed to determine why this area is apparently so important to eastern
arctic bowheads. : - o

Effects |of Underwater Noise and Icebreakers on Belugas, Narwhals and

Bowheads. Iﬂis study was conducted in the eastern Canadian high arctic in
spring in 1982, 1983 and 1984 for Canada Department of Indian Affairs and

Northern -Development. ~ - The acoustic portion of the study involved
measurements |of ship noise, transmission loss, ambient noise amd whale and
seal vocalizations. The studies of whale behavior and responses were

directed by ‘Dr. R.A. Davis of LGL Ltd. and the acoustics studies were
conducted by pr. C.R. Greene of Greeneridge Sciences Inc. '

Scientiggc Committee, International Whaling Commission. , Three members
of LGL's stéfﬁ were asked to participate as Invited Experts.in the June 1979
meeting of -the International Whaling Commission. Dr. R.A. Davis of LGL
attended, and| LGL submitted four invited papers. These included one péper on
bowhead whalels in the eastern arctic, two papers on white ,whales. (in the
Canadian high‘arctic and in the” Beaufort Sea), 'and oné'péper on the narwhal
harvest in the .Canadian arctic. Three of these papers have since been
- published by‘ the IWC. Similarly, K.J. Finley participated in the 1981

meeting and pFesented papers ‘'on narwhals and white whales. Invited papers omn
western arctic bowheads were presented in 1982 and 1983. In the latter year,
R.A. Davis attended to present the results of LGL's 1982 photographic_study
of individually identifiable bowheads. Another invited paper, based on LGL's
aerial survey|work and subsequent'analyses‘of‘the:size of the eastern arctic
narwhal poputhion, was published ‘previously by the IWC. '

Environmental Review of Harrison' Bay, Alaska. In 1983, on behalf of
Sohio Alaska\ Petroleum Company, LGL prepared an environmental report- to
supplement the Mukluk Island Exploration Plan, a proposal for exploratory
drilling in Hérrison Bay, Alaska. This report included a description of the
proposed action, a -comprehensive discussion of the affected environment, and

. . : A
an evaluation of the environmental consequences and impacts on the

N t. e




environmental components. Marine mammal populatlons in the area  were
included -in the discussion and evaluation.

3

‘Other Studies of Marine Mammals

» LGL has also conducted several other studies'of arctic and' subarctic
marine mammals aside from the bowhead studies. Several of these studies have
been in the Beaufort Sea/Amundsen Gulf area, and several have involved

studies of industrial: effects on marine mammals.

Pty

-—studies of ‘white whales in relation to oil exploration in the

Mackenzie estuary region, 1979-82, on behalf of Esso Resources Canada
Ltd. and associated companies; ‘ :

--studies of the carrying capacity of the northern Bering Sea for gray
whales, conducted for the U.S. National Oceanic and Atmospheric
Adﬁli_nistration (NOAA/OCSEAP) ; - -

“—effects of winter 1ce—break1ng traffic on ringed seals in the Beaufort
Sea for Dome Petroleum; '

-—effects of winter ice-breaking traffic on ringed seals in Labrador for

" . Arctic Pllot Progect-

-—four ‘years of studies (1974-77) of marine mammals in -the central

' . Canadian high aictic for Polar Gas Project, including extensive aerial
surveYs and behaviOral studies of ringed seals and walruses;’

?

-—studies of ringed seals in Amundsen Gulf and Prince of Wales Stralt,
for Polar Gas in 1980;

*—=—studies of numbers, distribution and stock identity of white whales in

eastern Hudson Bay and Hudson‘Strait for Department of Fisheries and -
- Oceans; , -

~—comprehensive review of the status and management of arcti¢ marine

* mammals for the Northwest Territories Science Advisory Board;

-—organization of a workshop on research needs relating tc management of
and industrial impacts on Canadian arctic marine: mammals, for
Department of Fisheries and Oceans; ‘1

--studies of birds and marine mammals (including several species of
. baleen whales) off Labrador coast in 1980-81 for OLABS;

—-studies of numbers and distribution of marine mammals in relation to

seismic exploratlon in central Hudson Bay, for Canadian- Occidental
Petroleum' '

—-aerial surveys of seabirds and marine mammals, including bowheads, in
Lancaster Sound, for Norlands Petroleums in 1976.



In addition to the above studies of arctic marine mammals, the LGL group of
companies'have‘conducted ﬁany studies of arctic birds, freéhwater and marine
fish, and arctic marine systems for a variety of government agencies,
industrial concerns, and native groups such as fHé“North Slope Borough and

Makivik Corp. (Northern Quebec Inuit Association). .
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DR. ROLPH A. DAVIS

President, LGL Ltd.

Director, LGL Ecological Research Associates, Inc., Bryan, Texas
Director, LGL Alaska Research Associates, Inc., Anchorage, Alaska

EDUCATION -

1972 Ph.D. Animal Ecology, University of Western Ontario.

1964 Graduate courses in Wildlife Biology, University of Guelph.
1963 B.A. Geography, University of Toronto.

PROFESSIONAL EXPERIENCE

1979 to President of LGL Ltd.

present

1974-79 Vice-President, Operations, and Director, Eastern Region, LGL
Ltd.

1974 to Responsible for all LGL projects in the central and eastern

present Arctic and the High Arctic. Senior supervisor of most of LGL's

bowhead studies in the western Arctic. Studies supervised have
included LGL's work on

—-assessment of underwater noise characteristics of an operat-
ing drillship and patterns of bowhead migration at the
Hammerhead and Corona drilling sites in Camden Bay, Alaska,
for Unocal, SWEPI, and the Alaska 0il and Gas Association.

-evaluation of the responses of migrating bowhead whales to an

active drilling operation at an artificial 1sland (Sandpiper
Island) in the Alaskan Beaufort Sea.

-major study of the reproductive biology of bowhead whales in

the summering range in 1985 for ten Alaskan oil companies and
three government agencies.

-evaluation of the potential for offshore drilling from Seal
Island to influence fall bowhead migration through nearshore
Alaskan waters (1984) for Shell Western E & P Inc.

-retrospective analyses of the relationships of bowhead
distribution and oceanographic and hydrographic features in
the Canadian Beaufort Sea from 1980-83 for ESRF.

-aerial photography study of bowheads to determine distribu-
tion, movements, behaviour and residence times in relation to

offshore industrial activities in the Canadian Beaufort Sea
(1984) for DIAND, DFO and DSS.



Dr. Rolph A. Davis
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-major participant in.the Beaufort Environmental Monitoring
"Project (BEMP) for DIAND (1983-85). '
—chairman of NOAA/bCSEA? workshop ‘on marine mammals and
.offshore oil exploration in the Chukchi Sea.

—aerial surveys of bowhead whales and other mammals in the SE
Beaufort Sea for ESRF in 1983. . . : ‘

-length distribution and. photographic identification of
bowhead whales in the Beaufort Sea for U.S. National Marine
Fisheries Service (1982).

-winter distribution of marine mammals in west Greenland,

Baffin Bay and Davis Strait for Arctic Pilot Project
(1981-82). : , : C

—birds and marine mammals in the Labrador Sea, Strait of Belle

Isle, and NE Newfoundland for OLABS (Petro-Canada operator)
(1981~ 83) 4

-bowhead whales in the Beaufort Sea _and Amundsen Gulf for a
consortium of Canadian and-Alaskan oil companies (1981);

-
-

~bowhead whales and ringed seals in the SE Beaufort Sea for
Dome Petroleum Ltd. (1980), : ‘

-white whales in. Hudson Strait and:eastern Hudson Bay for
Canadian Department of Fisheries and Oceans (1980-81);

-marine‘mamﬁals, birds and resoorce,harvesting'in Baffin Bay,
Jones Sound, lancaster Sound, Prince.Regent Inlet and Gulf of
Boothia for Petro-Canada EAMES Project (1978~80);

-birds and marine mammals in Lancaster Sound for Norlands
Petroleums Ltd. (1976); . ot

-marine mammals and birds in the central and High Arctic
©(1973-1977) and Victoria .Island (1980) for Polar Gas Project;

Senior author , of a . comprehensive review of the status and
management of arctic marine mammals for NWI Science Advisory

. |Board, and chairman of an international workshop on management of

arctic marine mammals for DFO. Invited expert at Scientific
Committee of the International Whaling Commission (1979, 1982,
1983) to~ present papers. on the behaviour and =~ status of
populations of bowhead whales, . narwhals and white whales.
Prepared several Envirommental Impact. Statements for arctic
projects and testified at EARP and National Energy Board

. ‘hearings.
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1972-74

1969-71

-

1970

1967-69

1965-67

REPORTS

Ornithological research for LGL Ltd. at the site .of the proposed
new Toronto International Airport and in Alaska, Yuken and N.W.T.
along proposed gas pipeline routes.

Teaching Assistant at University of Western Ontarie (Depértment
of Zoology) in introductory biology, ecology and bice-statistics.

Research on the distribution and ecology of Red-throzted loons on
offshore islands along the coast of the Labrador peminsula.

Research on the comparative ecology of Arctic Leons and Red-
throated Loons on the coastal tundra of the west shore of Hudson
Bay. Cooperated on studies of the nesting ecology, population
dynamics, social and feeding behaviour, and migraticem of geese.

Téchnician, Department of Ornithology, Rdyal Ontario Museum.
Involved field work on distribution of birds in southern Ontario,

. Lake Superior, James Bay and Central America.

AND PUBLICATIONS

Reports and publications deal mainly with distribution and abundance of

marine mammals and birds in the North American arctic and the impacts of
development upon arctic ecosystems.

Reports and Publications on Marine Mammals

1986

1986

1985

1985

Davis, R.A., W.R. Koski and G.W. Miller. Experimental use of
aerial photogrammetry to assess the long-term responses of
bowhead whales to offshore industrial activities im the Canadian
Beaufort Sea. Rep. by LGL Ltd., King City, to Canada Dept.
Indian and Northern Affairs, Ottawa. 155 p.

Thomson, D.H., D.B. Fissel, J.R. Marko, R.A. Davis and G.A.
Borstad. Distribution of bowhead whales in relation to hydro-
meteorological events in the Beaufort Sea. Envirommental Studies
Revolving Funds Report No. 028. Ottawa. 119 p.

Davis, R.A., C.R. Greene and P.L. McLaren. Studies of the
potential for drilling activities on Seal Island to influence
fall migration of bowhead whales through Alaskan nearshore

waters. Rep. by LGL Ltd., King City, for Shell Western E & P
Inc., Anchorage, AK. 69 p. ' '

Davis, R.A. and W.J. Richardson. Observations om the variable
distribution of bowhead whales, Balaena mysticetus, in the
vicinity of the 'industrial area' of the Canadian Beaufort Sea,
1976-1984. - Extended abstract of paper presented at Third
Conference on the biology of the bowhead whale, Balaena

mysticetus, January 21-23, 1985. Anchorage, Alaska.
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1985

1984

1984

1984

1984

1984

1984

1984

1983

Vancouver, B.C. 18 p.

Richardson, W.J., R.A. Davis, C.R. Evans and P. Norton.

Distributlon of bowheads and industrial activity, "~ 1980-84. pP.

2550 306. In: W.J. Richardson (ed.), Behavior, disturbamce responses
and dlstrlbutlon of bowhead whales Balaena mysticetus im the eastern

Beaufort Sea, 1980-84. Rep,,by LGL Ecol. Res. Assoc., Inc., Bryan,

TX,%fqr U.S. Minerals Management Service, Reston VA. 306 Pe

Davgs,fR;A. Fall ‘migration of the bowhead whale through the Alaskan
Beaufort Sea: implications for exploratory drilling. Rep. by LGL
Limited, King City, Ontario, for D.F. .Dickins -Associates Ltd.,

N P ‘s

~ . - - -

Miller, G.W. and R.A. Davis. Distribution and movements of narwhals

‘and/ beluga whales in response to ship traffic at the Lamcaster Sound
. ice edge - 1984. Rep. by LGL Limited, King City, Ontario, for

Canada Dept. of Indian Affairs and Northern Development, Ottawa. 34
P . . . - T - N

Fidley, KeJ., G.W. Miller, R.A. Davis and C.R. Greene. Responses of
naﬁwhals.(Monodon monoceros) and belugas, (Delphinapterus leucas) to
ice-breaking ships in Lancaster Sound =~--.1983. ‘Rep. by LGL
Limited,King City, Ontario, to .Canada Dept. Indian- Affairs and

Noﬁthern Development, Ottawa. 118 p.

B

Fidley,. K.J. and R.A. ‘Danis. :' Reactlons of Belnga whales and

"narwhals to ship traffic and ice-breaking along ice edges in the

ea%tern Canadian high arctic: 1982-1984., An overview. - Rep. by LGL

Limited, King City, Ontario, for Canada Dept.‘Indian Affairs and

Nonthern Development, Ottawa. &1 p.

Finley, K.J., C.R. Evans 'and R.A. Davis. Evaluation of the
imﬁortance of Isabella Bay, Baffin Island, as summer habitat for the
endangered bowhead whale. Progress report of 1984 studies. Rep. by
LGL Limited, King City, Ontario, for World Wlldllfe Fund (Canada),
Toronto, Ontario. 30 p. . . co ‘

P - ; T

McEaren; P.L. and R.A. Davis. Distribution of bowhead whales and
other marine mammals in the -southeast Beaufort Sea,- August-

Seétember 1983. ~'Rep. by LGL Ltd., Toronto, to the Environmental
Studies Revolving Funds, Ottawa. 63 p. . . .

Davis, R.A. and D.H.:Thomson. Marine Mammals. 76 p. In:"J. Truett
(ed.). Barrow Arch environment and possible consequences “of planned

'offshore 0il and gas development. Rep. -by LGL" Ecologlcal Research

Assoclates, Texas, to U.S. NOAA, Juneau, Alaska.

Da?is, R.A., P.L. McLaren and R.A. Buchanan. Environmental issues
and impacts associated with .exploratory drilling in ’Lancaster
Sound. Rep. by LGL Ltd., Toronto to The Consolidex Magmorth Oakwood

Lancaster Sound Joint Venture and Pallister Resource'“Management
Ltd., Calgary. 171 p.
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1983 -

3

1983

. Whale, Anchorage. 5 p.

1983

.Davis, R.A., W.R.. Koski and G.W. Miller. Preliminary assessment of

the length-frequency distribution, 1life history and gross annual
reproductive rate of the western arctic bowhead whale as determined
with low-level. aerial photography. Rep. by LGL Limited to U.S.
National Marine Mammal Laboratory, Seattle, Wash. 93 p. (Paper
SC/35/PS5 at Scientific Committee, International Whallng CommlSSlon,

' Cambrldge, July 1983.)

Dav1s,-R.A. and W.J. Richardson. Bowhead whale populationféstimates

and distribution from aerial survey efforts in the Canadian Beaufort
Sea. Extended Abstract. 2nd Conference on Biology of the Bowhead

'Finley, ﬁ:ﬁ., .CeRs Evans and R.A. Davis. Evalwation of the

_ importance of Isabella Bay, Baffin Island, as summer habitat for the

1983

1983

1983

1983

endangered bowhead whale. Rep. by LGL Ltd., Toronto, to World
Wildlife Fund, Toronto. 72 p.

Finley, K.J., P. Norton and R.A. Davis. Status report on the white

whale in the Beaufort Sea. Rep. by LGL Ltd., Toromto, to Canada
Dept. of Fisheries and Ocean, Ottawa. 25 p. S

Finley K.J., C.R. Greene, and R.A. Davis. A study of ambient noise, .
ship noise, and the reactions of narwhals and belugas to the MV
Arctic breaking ice in Admiralty Inlet, N.W.T. Rep. by LGL Ltd., to

. - Canada Dept. of Indian Affairs and Northern Development, Ottawa. 95
b ) _ e

Finley, K.J., J.P. Hickie and R.A. Davis. Status report. on the
white whale in the Beaufort Sea. Rep. by LGL Ltd., Toronto for

Comm. on status of endangered w1ld11fe in Canada. Dept. Fisheries
and Oceans, Ottawa. 25 p. i

Richardson, W.J., R.A. Davis, C.R. Evans and P. Norton.
Distribution of bowheads and industrial activity, 1980-82. In:

.W.J. Richardson (ed.), Behavior, disturbance responses and

1983,

1983

)1‘

distribution of bowhead whales Balaena mysticetus in the eastern

Beaufort Sea, 1982. Rep. for U.S. Minerals Management Service,
Reston, VA.

Hickie, J. and R.A. Davis. Distribution and movements of bowheadv

vhales and other marine mammals in the Prudhoe Bay regiop,:Alaska,

26 September-~13 October 1982. Rep. by LGL Ecological " Research
Associates Inc. to Shell 0il Company Inc., Houston, Texas.

-McLaren, P.L. and R.A. Davis. Marine mammal distribution off West

Greenland and in southern Baffin Bay and northern Davis Strait,
March 1982. Rep. by LGL Limited, Toronto, to Arctic Pilot Project,
Calgary. 98 p. '
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1983

1983

1983

1982

1982

1982

1982

1982

1982

1981

e s +

~Finley, K.J., G.W. Miller, R.A. Davis and W.R. Koski. A distinctive

larée breeding population of ringed seals (Phoca hispida) 1nhab1t1ng

the‘Baffln Bay pack ice. - Arctic 36:162-173.

Finley, K.J., C.R. Greene and R.A. Dav1s. A study of ambient noise,
ship noise and the reactions of narwhals and belugas to -the MV
Arctic breaking ice in Admiralty Inlet, N.W.T. Rep. by LGL Limited,

Toronto, to Can. Dept. Indian Affairs and Northern Development,

Ottawa. 142 p..

Richardson, W.J., C.R.. Greene, J. P. chkle and ‘Re A. Davis: Review
of the effects of offshore petroleum operatlons on- cold water marine

mamnals. Rep. by LGL Limited, .to American*- Petroleum Instltute,
Wasningtqn. 248 p. ., ) - s ol £

‘ ' » . ’ : (N VI ~

Davis, R.A. and C.R. Evans. Offshore distribution and numbers of
white whales in the eastern Beaufort Sea and Amundsen Gulf, summer
1981. Rep. by LGL Limited, Toronto, to Sohio Alaska Petroleum
Company, Anchorage, and Dome Petroleum Ltd., .Calgary. 78 p.

McLaren, P.L. and R.A.. Dav1s. ‘Winter distribution.of: arctic marine

mammals in 1ce-covered waters of eastern North Amercia. Rep. by LGL

le;ted Toronto, to Petro-Canada Exploration, Inc. Calgary. 151
i

po' - . . - -

Miller, G.W., R.A. Davis and K.J. Finley. Ringed seals in the
Baffin Bay region: habitat use, population dynamics and harvest
levels. Rep. by LGL Limited, Toronto, to Arctic Pilot Project,
Cal%ary. 93 p. i ' :

Finley, K.J., G.W. Miller, R.A. Davis and W.R. Koski. ‘' Status of
ringed seals (Phoca hispida) of the Baffin Bay pack ice. Rep. by
LGL Limited, Toronto, to Petro-Canada Exploration, Inc., Calgary.
39 p. - : -

Finley, KeJe, G.W. Miller, M. Allard, R.A. Davis- and C.R. Evans.
The belugas (Delphinapterus leucas) of northern Quebec:.
diﬂtribution, abundance, stock identity, catch history and
maTagement. Can. Tech. Rep. Fish. Aquat. Sci. 1123. 57 p.

Davis, R.A., W.R. Koski, W.J. Richardson, C.R. Evans and W.G.
Alﬂiston. Distribution, numbers and productivity of the Western

Arﬁtic stock of bowhead - whales - in "the eastern Beaufort Sea and

Amundsen Gulf, summer- 1981. Rep. by LGL Ltd., Toronto, to Sohio
Al%ska Petro;aum Co. and'Dome Petroleum Ltd. (Co-managers). 134 p.

| -
Daﬁls, R.A. Environmental’ research. in: frontier reglons. In:

Frontler oil and gas development=-The - decade ahead° ) Montebello,
P.Q. (in press) : . -

.
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1981

1981

1981

1981

1980

1980

1980

1980

1980

1979

1979

1979

Davis, R.A. Summary ~of marine mammal distribution in arctic
portions of the proposed Arctic Pilot Project shipping route. p.
78-89. In: N.M. Peterson (ed.). The question of sound from
icebreaker operations: Proceedings of a workshop. Arctic Pilot
Project/Petro-Canada, Calgary. 350 p.

Davis, R.A. Report of a workshop on arctic marine mammals. Can.
Tech. Rep. Fish. Aquatic Sci. 1005:iv + 13 p.

McLaren, P.L. and R.A. Davis. Distribution of wintering marine
mammals in southern Baffin Bay and northern Davis Strait, March
1981.. Rep. by LGL Limited, to Arctic Pilot Project, Calgary. 92 p.

ﬂRéhéﬁd, W.E. and R.A. Davis. Aerial surveys of bowhead whales and

other marine mammals off the Tuktoyaktuk Peninsula, N.W.T.,

August-September 1980. Rep. by LGL Limited, to Dome Petroleum Ltd.,
Calgary. 55 p.

ﬁavis, R.A. Issues in arctic marine mammal management. . Paper
presented to Can. Soc. Environmental Biologists. Ottawa, Jan. 1980.

Koski, W.R. and R.A. Davis. Studies of the late summer distribution

and . fall migration of marine mammals in NW Baffin Bay and E
lancaster Sound, 1979. Rep. by LGL Limited, to Petro-Canada
Exploration, Inc., Calgary. 214 p.

Davis, R.A., K.J. Finley and W.J. Richardson. The present status
and future management of arctic marine mammals in Canada. Sci.
Advis. Board of the Northwest Territories Rep. No. 3. 93 p.

Davis, R.A. and W.R. Xoski. Recent observations of the bowhead

whale in the eastern Canadian high arctic. Rep. int. Whal. Commn
30:439-444,

Finley, K.J., R.A. Davis and H.B. Silverman. Aspects of the narwhal

hunt in the eastern Canadian arctic. Rep. int. Whal. Commn
30:459-464. )

Davis, R.A. and K.J. Finley. Distribution, migrations, abundance
and stock identity of eastern arctic white whales. Working paper

SC/31/SM10, 31st Ann. Meeting, International Whaling Commission,
Cambridge, England, June 1979. 49 p.

Koski, W.R. and R.A. Davis. Distribution of marine mammals in
northwest Baffin Bay and adjacent waters, May-October 1978. Rep. by

~ LGL Ltd. to Petro-Canada, Calgary. 305 p. + Map Appendix (223 Pe)e

Davis,“R.A. and A.D. Sekerak. Notes on birds, marine mammals and
marine ecology made during reconnaissance flights over Polar Gas

Project's Y-Line and associated route options, July 1979. Rep. by
LGL Ltd. to Polar Gas Project, Toronto. 11 p. ’
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1978

1978

1977

1977

1976

1975

1974

Dav%s, R.A., W.R. Koski and K.J. Finley. Numbers and distribution

of yalruses in the central Canadian -high- arctic. ..Rep. by LGL

Lim%ted, to Polar Gas Project, Toronto. 50 p.
! . ! : X . Coe T

Davis, R.A., W.J. Richardson, S.R. Johnson and W.E. Renaud. Status

of the Lancaster Sound narwhal population in 1976. Rep. int. Whal.

Comqn 28:209-215. : P

lDavJs, R.A. and A.D. Sekerak. .. 1977. Ecoiogical significance of

northwest Baffin Bay and Lancaster Sound. - An -overview report.
Rep. by LGL Limited, to Petro-Canada, Calgary. 25 p. = '

Mclaren, M.A., W.E. Renaud, R.A. ‘Davis and" J.C. Treutt. 1977.
Studies of terrestrial mammals on ,eastern Melville. Island, July-

. August 1977. Rep. by LGL Limited, to Petro-Canada, Calgary. 11l p.

Joh#son, S.R., W.E.‘Renaud, R.A. Davis and W.J. Richardson. Marine
mammals recorded during aerial surveys of: birds in eastern Lancaster

Souﬂd, 1976. Rep. by LGL limited, to Norlands Petroleums Ltd.,

Calgary. 180 p. - - 70

Davis, R.A., K.J.' Finley, M.S.W.  Bradstreet, C. Holdsworth and M.
McLaren. Studies : of the numbers .and .distribution of birds and
marine mammals in the central Canadian arctic, 1974: A supplement.
Reps by LGL Limited, to Polar Gas Project, Toronto. 205 p.

1

Finiey, K.J., ReA. Daéis_and W.Js Richardson. . Preliminary studies
of the numbers and. distribution of marine mammals in the central

Canﬁdian arctic, 1974. Rep. by LGL Limited, to.Polar Gas Project,

Toronto. 68 pe =~7



DR. W. JOHN RICHARDSON
Vice-President - Research, LGL Limited

EDUCATION
£

1975

1968

Ph:D. Animal Behaviour, Cornell University, Ithaca, N.Y.

B.Sc. Biology; McMaster University, Hamilton, Ontario.

PROFESSIONAL EXPERIENCE

1973 to
present

1969-73

LGL Limited, environmental research  associates, Toronto,
Generally responsible for research design, statistical analysis,
computing and report quality for LGL's projects.

Research specialties: behavioural responses of marine mammals to
industrial disturbance; radar and visual studies of migratory and
local movements of birds; bird hazards to aircraft; multivariate
and other statistical analyses of biological data.

Major activities at LGL have included the following:

- Project Director for study of effects on bowhead whales
of acoustic and other disturbances associated with
offshore o0il and gas activities (1980-85)."

- Supervised studies of the feeding ecology of. bowhead
whales, and of their reactions to drillsites and seismic
boats, in the Alaskan Beaufort Sea (1984-85).

- Studies of migratory and local movements of birds in
Ontario, Manitoba, Alberta, B.C., N.W.T., Yukon, Alaska
and New York; these projects involved either biological
or 'bird hazard to aircraft' objectives.

~ Design and analysis of surveys and experiments concerning
birds, mammals and marine ecology in the Canadian and
Alaskan arctic.

- Developed multivariate forecasting models for biological
variables (birds, mammals, plankton, benthos).

- Computer programming for analysis of aerial and ground
surveys of birds and mammals, and for analysis of
behavioural, oceanographic and marine benthic data;
computer graphics; statistical programming in FORTRAN and
BASIC.

- Reviewer of many draft reports and manuscripts produced
by LGL; referee for several journals; reviewer of NSF
grant proposals.

Studied bird migration in eastern Canada and West 1Indies as
thesis research (sponsored by Assoc. Comm. on Bird Hazards to
Aircraft,. Nat. Res. Counc. Can.). Documented non-stop flights
from eastern North America over the Atlantic to the West Indies

and South America. Developed standardized radar techniques and
new applications of statistical methods.
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(O

1965-68

MEMBERSHIPS

REPORTS AND

_Idternatlonal Ornithological Committee- Sigma.Xi .

Assisted in Cornell University projects involving radiotelemetry
and radar; experimental design, computer programming, statistics.

Cohtract research on bird movement$ in Ontario and @raiiies'(fouf
summers; sponsored by Can. Wildl. Serv.): radar studies, data

anElysis, computing, preparation of reports and papers.

El . -

Ecological Society of America; Animal Behavior Society

Arctic Institute of North America; Society for Marine Mammalogy
American (Elective Member) and British Ornlthologlsts' Unions
Copoper and Wilson Ornithological Societies .

Amer. Assoc. for the_Advancement_of_$c1enca, etc. :'

PJBLICATIONS e ..

. e

AQout 30 publications and 35 unﬁublished feports concerning

1

- bird migration . - marlne mammals
- multivariate analysis. . - b1rd hazards to aircraft
- avian habitat preferences - census techniques

delications are im\)Rep.,'iﬁtern. Whal. Cdmm.,“;Arctic, Biol.
C#nserv., Fish. Bull. U.S., Can. J. Zool., Can. Wildl. Serv.
Rep. Ser., Oikos, Behav. Ecol. Sociobiol., Am.. Birds, Auk, Ibis,

wﬂlson Bull., several conference proceedings, etc.

UL S,




PUBLICATIONS AND REPORTS ON MARINE MAMMALS
(excludes about 25 published papers and 20 reports on birds)

Sub-
mitted

In
Press

Sub-
mitted

Sub-
mitted

Sub-
mitted

In
Press

1985

In
press

1985/
1984/
1983

1985/
1984/
1983

1985/
1984/
1983

Richardson, W.J., R.A. Davis, C.R. Evans, D.K. Ljungblad and P.
Norton, Summer distribution of bowhead whales, Balaena mysticetus,

relative to oil industry activities in the Canadian Beaufort Sea,
1980-84.

Richardson, W.J., B. Wirsig and C.R. Greene. Reactions of bowhead
whales, Balaena mysticetus, to seismic exploration in. the Canadian
Beaufort Sea. J. Acoust. Soc. Am,

Greene, C.R. and W.J. Richardson. Characteristics of marine seismic
survey sounds in the Beaufort Sea. o

Dorsey, E.M., W.J. Richardson and B. Wirsig. Factors affecting
respiration, surfac1ng and dive characteristics of bowhead whales,
Balaena mysticetus, summering in the Beaufort Sea.

Wirsig, B., E.M. Dorsey, W.J. Richardson and R.S. Wells. Feeding,
aerial and play behavior of the bowhead whale, Balaena mysticetus,
summering in the Beaufort Sea.

Richardson, W.J. and C.R. Greene. Issue 3--Noise and marine
mammals. In: Environmental synthesis, Beaufort Sea Sale 87. Nat.
Oceanic & Atmos. Admin., Juneau, AK.

Wursig, B., E.M. Dorsey, M.A. Fraker, R.S. Payne and W.J.
Richardson. Behavior of bowhead whales, Balaena mysticetus,
summering ‘in the Beaufort Sea: a description. Fish. Bull.,
U.S. 83(3):357-377.

Wirsig, B., E.M. Dorsey, M.A. Fraker, R.S. Payne and W.J.
Richardson. Behaviour of bowhead whales, Balaena mysticetus,
summering in the Beaufort Sea: a summary. Rep. Int. Whal. Comm.
(Special Issue). '

Richardson, W.J., R.S. Wells and B. Wirsig. Disturbance responses
of bowheads, 1980-84/1983/1982. In: W.J. Richardson (ed.),
Behavior, disturbance responses and distribution of bowhead whales
Balaena mysticetus in the eastern Beaufort Sea, 1980-84/1983/1982.

Three reports to U.S. Minerals Management Service, Reston, VA.

Wiarsig, B., E.M. Dorsey, W.J. Richardson, C.W. Clark, R. Payne and"
R.S. Wells. Normal behavior of bowheads, 1980-84/1983/1982.  In:

W.J. Richardson (ed.) Ibid. [Coauthors vary among three reports.]

Richardson, W.J., R.A. Davis, C.R. Evans and ©P. Norton.
Distribution of bowheads and industrial activity, 1980-84/1983/
1980-82. In: W.J. Richardson (ed.) Ibid. [Coauthors vary among
three reports.]
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1985

1985

1985

1984

1983

1982

1982

1580

1980

1978

Richaﬁdson, W.J., C.R. Greene and B. Wirsig. Behavior, disturbance
reSpoqses and distribution of bowhead whales Balaena mysticetus in
the eastern Beaufort Sea, 1980-84: a summary. Rep. MMS 85-0034 for

U.S. Minerals Management Service, Reston, VA. 30 p.

Frake$, M.A., D.K. Ljungblad, W.J. Richardson and D.R. Van Schoik.
Bowhe?d whale behavior in relation to seismic exploration, Alaskan
Beaufort Sea, autumn 1981. Rep. MMS 85~0077 for U.S. Minerals

Managément Service, Reston, VA. 40 p.

Richardson, W.J., M.A. Fraker, B. Wirsig and R.S. Wells. Behaviour
of bowhead whales Balaena mysticetus summering in the Beaufort Sea:
reactions to industrial activities. Biol. Conserv. 32:195-230.

Wirsig, B., E.M. Dorsey, M.A. Fraker, R.S. Payne, W.J. Richardson
and R.S. Wells. Behavior of bowhead whales, Balaena mysticetus,
summering in the Beaufort Sea: respiration, surfacing, and dive
charadcteristics. Can. J. Zool. 62(10):1910~1921.

Rich%rdéon, W.J.,'C.R. Greene, J.P. Hickie and R.A. Davis. Review
of the effects of offshore petroleum operations on cold water marine

mammals. Am. Petrol. Inst. Rep. No. 4370, Washington, D.C. 248 p.

Davis, R.A., W.R. Koski, W.J. Richardson, C.R. Evans and W.G.
Alli%ton. Distribution, numbers and productivity of the Western
Arctic stock of bowhead whales in the eastern Beaufort Sea and
Amundsen Gulf, summer 1981. Rep. for Sohio Alaska Petrol, Co. and

Dome|Petrol. Ltd. (Co-managers). 134 p.

Fraker, M.A., W.J. Richardson and B. Wirsig. Disturbance responses

of #owheads. p. 145-248 1In: W.J. Richardson (ed.), Behavior,

disturbance responses and feeding of bowhead whales Balaena

mysticetus in the Beaufort Sea, 1980-81. Rep. to U.S. Bureau of

lLand| Management, Washington. 456 p.

Fraker, M.A. and W.J. Richardson. Bowhead whales in the Beaufort
Sea: a summary of their seasonal distributions and activities, and
potential disturbance by offshore development. Rep. to U.S. Bureau
of Land Management, Washington. 86 p.

Davis, R.A., K.J. Finley and W.J. Richardson. The present status
and future management of arctic marine mammals in Canada. Sci.
Adv. Board N.W.T. Rep. No. 3, Dept. of Information, Yellowknife,
N.W.T. 93 p. '

Sekerak, A.D. and W.J. Richardson. The importance of fast-ice-edges
to seabirds and marine mammals. Rep. for Polar Gas Environmental
Program, Toronto. 92 p. ' '
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1978 Davis, R.A., W.J. Richardson, S.R. Johnson and W.E. Renaud. Status
of the Lancaster Sound Narwhal population in 1976. Rep. Int. Whal.
Comm. 28:209-215.

1974 Finley, K.J., R.A. Davis and W.J. Richardson. Preliminary studies

of the numbers and distribution of marine mammals in the central
Canadian arctic -~ 1974. Polar Gas Environmental Program, Toronto.
68 p. '
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DR. CHARLES R. GREENE o .
President and‘Principal Scientist, Greeneridge Sciences, Inc.

EDUCATION

1978

1957

PhrD.lElectrical Engineering, University#sf‘California, Santa
Barbara o v

B S. and M.S., Electrical Englneerlng, Massachusetts Instltute of
TeEhnology.

PROFESSIONAL INTERESTS:

SOCIETIES

PROFESSIONAL EXPERIENCE

i
1983 to
present

UnLerwater sound research, including studies. of man-made and
nakural noises, transmission loss, and signal and noise

: coPerency. Design and development of sensing and processing

systems to detect, identify and localize underwater sounds,
including systems for remote data collection.

AND MEMBERSHIPS

Acoustlcal Society of America B

Eta Kappa Nu, Electrical Engineering Honorary Fraternity
Ssgma Xi, National Society for Scientific Research
Institute of Electrical and Electronics Engineers

Y

Pr1nc1pal Sc1ent15t, Greeneridge Sciences, Inc., Santa Barbara,
CA. During fall 1985, directed acoustics - research involving

béwhead call monitoring and industrial noise measurement at the
drlllshlp site Hammerhead for Unocal,,K and at an-artificial gravel
1s1and (Sandpiper) for Shell Western. The Hammerhead project also

1?volved sound source localization using a five- hydrophone moored

array. Measured icebreaking sounds from' "Robert Lemeur” at Corona
in October 1985. R - L

In spring 1985, . completed a project - for the U.S. Minerals
Management Service -involving - studies of bowhead whales and
offshore industrial noise in the Canadian Beaufort Sea, 1980-85.
This project included studies of underwater sounds from bowheads,
boats, aircraft,. geophysical surveys using airgun arrays, dredges,
ahd island construction activities.
In September to October 1984, conducted the acoustics phase of the
LGL/Greeneridge study of Seal Island and bowhead whales for Shell
Wsstern E & P. The study included measurements of ambient noise,
ipdustrial noise and bowhead locations using. a directional array.

During June and July 1983, measured sounds of the Canadian Coast
Guard icebreaker "John A. MacDonald"™ breaking -ice in Baffin Bay

and Lancaster Sound. The research was for the Canadian Government
and various Canadian industrial concerns.
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1974-83

1971-74

1963-71, .

1959-63

1957-59

"Sedco 708" recorded near the Aleutian Islands.

Senior Scientist, Polar Research Laboratory, Inc., Santa Barbara,
CA. - Dr. Greene's work involved scientific data analysis,
engineering analysis and design, and technical management. He was
concerned - with the incorporation of seismic, meteorological,
oceanographic, and acoustic sensors in data acquisition systems.
Much of Dr. Greene's work at PRL involved studies of arctic
underwater acoustics, including work based in arctic ~Alaska,
Canada and Greenland. Much of this work was for the U.S. Navy.

From 1980 to 1982, Dr. Greene was responsible for PRL's work
(through LGL for the Bureau of Land Management) concerning
reactions of bowhead whales to industrial sounds associated with
offshore o0il and gas activities. This work included field
recording and computer—assisted analysis of waterborne sounds from
bowhead whales, boats, aircraft, seismic exploration, dredging,
drillships, etc.

In 1982, Dr. Greene also conducted three other studies on arctic

underwater acoustics as related to marine mammals. On behalf of
Shell 0il Co., he measured underwater sounds from construction of
an artificial island in the Alaskan Beaufort Sea. On behalf of
the Canadian Government and a number of industrial concerns, he
measured sounds from an icebreaking ore carrier that was breaking
ice in the high arctic (Admiralty Inlet). On behalf of the.
Environmental Affairs Department of the American Petroleum
Institute, he analyzed sounds of the semisubmersible drilling r1g

L3

: »Senlor Scientist, Anacapa Sciences, Inc., Santa Barbéra, CA.

Worked on sonar data displays and training devices under U S. Navy
sponsorshlp.

Senlor Research Engineer, General Motors Corp., Santa Barbara,
CA. Designed and evaluated a digital multibeam passive sonar ‘for
arctic installation. Conceived and demonstrated an effective

“analysis and display’ technique for bearing, frequency and time
.information from passive sonars. Developed specialized signal

processors for passive sonars. Conducted arctic field experiments
on low and high. frequency underice acoustics, including ambient

.noise, absorption loss, propagation loss, and coherency. -

Instrumentation Engineer, Acoustics Division, U.S. Naval Ordinance
Laboratory, Silver Spring MD. Tested a system for acoustical
communications to submarines. Developed techniques for tracking
passive *  sonar targets. Developed a one-bit hybrid

crosscorrelator; patent award for this invention was shared with
C.N. Pryor.

Electronics Engineer, National Bureau of Standards, Boulder, CO.

Maintained and operated the ionospheric physics research equipment
- for one year at the Amundsen-Scott IGY South Pole Station.



Curriculum Vitae of
! Randall S. Wells
. April 1986

Bornﬁ 18 November 1953; Peoria, IlIinois.

Affiliation: Institute of Marine Sc1ences . -

' Long Marine Laboratory - - -
University of California .- '
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Education: .
1975 B.A., University of South Florida, Tampa o -
1978 - M.S., University of Florida, -Gainesville: .’ =
1986 FEh.D., University of California, Santa Cruz
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Professional Experience:
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1984~ | Coordinator,"LongiMarine-Laboratory Dolphin
. | . Research Facility and Field Operations. °
1984- | ‘Adjunct Scientist, Mote Marine Laboratory, Sarasota,
Florida. v
1982~ Vice President, Dolphin Biology Research Assoc1ates,

Inc., Sarasota,’ Florida,. engaged in long-term stud-
ies of the behavior: and ecolocy of free-ranglng
bottlenose dolphins..

1981- Biological Consultant for LGL Ecological Research

Associates, Bryan, Texas, engaged in research on

. the behavior of bowhead and gray whales. - -

1984 Biological ‘Consultant for Chambers Consultants and

: Planners, for report on potential impact of

: offshore 0il development on cetaceans. -~ 3 .

1978-83 Research and Teaching Assistant, Biology Board, Univ-

ersity of California, Santa Cruz, engaged in re-

| . . search on the behavior of Hawaiian spinner dolphins

1978 Research Assistant, Dept. of Psychology, University

. : of Hawall,\engaged in research on behav1or of hump-

back whales. T

1977 Teaching Assistant, College of Veterlnary Medlc1ne,

. University :of Florlda. -

. 1974-77 Research and Teaching Ass1stant Zoology Dept., Univ-
ersity of Florida, engaged in research on the
behavior and ecology of bottlenose dolphins.

1972-74 Research Assistant, Dept. of Chemistry, University
S of South Florida, engaged in study of control of
. -aquatic weeds. .
1970-74- Research A551stant, Mote Marlne Laboratory, ‘Sarasota,

Florida, engaged in research on behavior  of bottle-
nose dolphins and sharks, also on red tide.
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l. Irvine, B. and R.S. Wells. 1972. Results of attempts to
tag| Atlantic bottlenose oolphlns (Tursiops truncatus)
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Fehring, W.K. and R.S. Wells. 1976. A series of strandings
by a single herd of pilot whales on the west coast of
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Wells, R.S. 1978. Home range characteristics and group
composition of Atlantic bottlenose dolphins, Tursiops
truncatus, on the west coast of Florida. M.S. thesis,
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Irvine, A.B., M.D. Scott, R.S. Wells and J.G. Meaa.51979.
Stranding of the pilot whale, Globicephala macrorhynchus,
in Florida and South Carolina. Fish. Bull. U.S. 77:511-513.
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of the Atlantic bottlenose dolphin, Tursiops truncatus,
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Mead, J.G., D;K. 0dell, R.S. Wells and M.D. Scott. 19840.
Observations on a mass stranding of spinner dolphins,
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ecology of inshore odontocetes, p. 263-317. In: Herman,
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York: J. Wiley and Sons, 463 p.

Nichols, G. Jr., A. Nichols, J. Hickie, J. Norris and R.S.
Wells. 1980. Report on whales in the waters of Nova Scotia,
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Maris" Expedition #1, Boston-Newfoundland, 20 July-15 Sept-
ember 1976.

Irvine, A.B., M.D. Scott, R.S. Wells and J.H. Raufmann.
1981. Movements and activities of the Atlantic bottle-

nose dolphin, Tursiops truncatus, near Sarasota,
Florida. Fish. Bull. U.S. 79:671-688.

Wells, R.S., B.G. Wursig and K.S. Norris. 1981. A survey of
the marine mammals, including Phocoena sinus, of the
upper Gulf of California. NTIS PB-81-168-791, 51 p.-

Wells, R.S., M.D. Scott, A.B. Irvine and P.T. Page. 1981.
Observations during 1980 of bottlenose dolphins, Tursiops
truncatus, marked during 1970-1976, on the west coast of

Florida. Unpubl. Rept. to National Marine Fisheries Service
for Contr. No. NA-80-GA-A-196, 29 p.

Irvine, A.B., R.S. Wells and M.D. Scott. 1982. An evalu-
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Shane, S.H., R.S. Wells, B. Wursig and D.K. 0dell. 1982.
Behavior and ecology of the bottlenose dolphin: a review.
Contr. Rept. to Univ. of So. Miss., Gulf-Park Miss., 71 p.

Wur51g, B., C.W. Clark, E.M. Dorsey, W.J. Rlchardson and
R.S. Wells. 1983. Normal behavior of bowheads, 19%82.

p. 25-115. In: Richardson, W.J. (ed.), Behavior,
disturbance responses, and distribution of bowhead whales
Balaena mysticetus in the eastern Beaufort Sea, 1982.
Unpubl. Rept. from LGL Ecol. Res. Assoc., Inc., Bryan,
TexasL for U.S. Minerals Management Service, Reston,
Virginia, 357 p. .

Richardson, W.J., R.S. Wells and B. Wursig. 1983. Disturb-
ance responses of bowheads, 1982. p. 117-215. In:
Rlchardson, W.J. (ed.), Behavior; disturbance responses,
and distribution of bowhead whales Balaena mysticetus

in the eastern Beaufort: Sea, 1982. Unpubl. Rept. from LGL
Ecol. Res. Assoc., Inc., Bryan, ‘Texas, for U.S. Minerals

Management Service, Reston, Vlrglnla, 357 p.
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Wur51g, B., R. S “Wells’ and D.A. Croll. 1983 Behav1or of

;summerlng gray whales. p. 109-143. In: Thomson, D.H.

(ed.)|, Feedlng ecology of- gray whales - (Eschrichtius -
robustus) in -the Chirikof Basin, summer 1982. Unpubl.:

Rept. from LGL Alaska Res. Assoc., Inc., Anchorage, Alaska,
for Nat. Oceanic and Atmos. Admln., Juneau, AK., 222 p.-

Richardson, W.J., M.A. Fraker,'B. Wursig and R.S. Wells.
1983. Observations on the behavior of bowhead whales in

the Canadian Beaufort Sea in the presence of“marine indust-
rial jactivities. Anchorage: Second Conference on the Blol-
ogy of the Bowhead Whale, Balaena mysticetus, 5 p.

Wursig, B., E.M. Dorsey, W.J.'Richardson, C.W. Clark, R.
Payne and R.S. Wells. 1984. Normal behavior of bowheads,
1983. p. 23-99. In: Richardson, W.J. (ed.), Behavior,
alsturbance responses and distribution of bowhead whales
Balaena’ mysticetus~in the eastern -Beaufort Sea, 1983."
Unpubl. Rept. from LGL Ecol. Res. Assoc., Inc., Bryan,

Texas, for U.S. Minerals Management Service, Reston,
Virginia, 361 p.

Richardson, W.J., R.S. Wells and B. Wursig. 1984. Disturb-
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Richardson, W.J. (ed.), Behavior, disturbance responses and
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Ecol. Res. Assoc., Inc., Bryan, Texas, for U.S. Minerals
Management Service, Reston, Virginia, 361 p.

Wursig, B., E.M. Dorsey, M,A. Fraker, R.S. Payne, W.J.
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correlates in Hawaiian spinner dolphins, Stenella
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Management Service, Reston, VA. 306 p.
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Service, Southeast Fisheries Center. Contract No.
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Grants and Awards- s - c ”

1986- 1987 Center for Field Research, Belmont MA $3l 700

- Wild dolphin societies: ., .
1985 - | National Marine Fisheries Serv1ce, Mlaml, FL.
.. $3,225. Bottlenose dolphin population discreteness.
1984-1985 Center for Field Research, Belmont, MA. $35,000.
Population biology and social behav1or of Atlantlc
bottlenose dolphins. .
1983 Center for Field Research, Belmont MA. '$14,700.
- Population biology. and .social. behav1or of Atlantlc
bottlenose dolphins.
1982 Center for Field Research Belmont, MA. $14,300.

Population biology and soc1al behav1or of Atlantlc-
bottlenose dolphins.

1980-1981 National Marine Fisheries Serv1ce; Pascagoula, MS.

$3,000 (with R.S. Norris).. Observations ‘'of a pop-
ulatlon of bottlenose dolphins.marked durlng 1970~
. 1976,. on the west coast of Florida. ne

1980-1981 U.C.S.C. Biomedical Research Support’ Grants. $3,000.

Reproductive hormone levels-and social behavior of
" Hawaiian spinner dolphins.




Presentations at Professional Meetings:

1985

1985

1983

1983

1981 -

1981

1979

Odontocete social organization: Mammalian strategies in
an aguatic environment. Invited Plenary Paper, Sixth
Biennial Conference on the Biology of Marine Mammals,

-Vancouver, B.C.

Population structure of bottlenose dolphins: behavioral
studies of bottlenose dolphins along the central west
coast of Florida. Natl. Mar. Fish. Serv. Bottlenose
Dolphin Workshop: Problems in Defining Populations and
Management Units with Emphasis on the N. Gulf of Mexico,
Pascagoula, MI.

Reproductive and social patterns of free-ranging female

~bottlenose dolphins, Tursiops truncatus. Fifth

Biennial Conference on the Biology of Marine Mammals,

, Boston, MA.

Patterns of daily movements and distribution of ‘Hawaiian
spinner dolphins, Stenella longirostris. Fifth

- Biennial Conference on the Biology of Marine Mammals,

Boston, MA.

. Repeated patterns of occurrence, distribution, and

social associations of marked bottlenose dolphins,
Tursiops' truncatus, observed from 1970-198l. Fourth

Biennial Conference on the Biology of Marlne Nammals,
San Francisco, CA.

Reproductive ‘seasonality and social behavior of Hawaiian
spinner dolphins, Stenella longirostris. Inter-

+national Whaling Commission Conference on Cetacean'

Reproduction, La Jolla, CA.
Behavior of "escort" accompanying mother-calf pairs of

- . humpback whales. Third Biennial Conference on the Biol-

1979

1977.

.ogy of Marine Mammals, Seattle, WA.

Group and home range characteristics of bottlenose

~dolphins, Tursiops truncatus. Fifty-ninth Amnual

Meeting, Amer. Society of Mammalogists, Corwallis, OR.
Home range characteristics and group structure of

‘Atlantic bottlenose dolphins, Tursiops truncatus,
- on the west coast of Florida. Second Biennial Confer-

ence on the Biology of Marine Mammals, San Diego, CA.
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SUHMARY: Tlen years experience with all aspects of marine field research,
specializing on whales and dolphins but including fish, manatees and sea
turtles; proposal writing and submission, quantitative experimental
design|, management of field programs, data acgquisition, aralysis and
statigtical testing, technical report writing and editing, and final
publiclation of findings in peer reviewed professional jourmals. My
sxperience includes selection and management of {ield persennel, aesrial

and vessel census surveys, behavioral studies, and fund raising. I‘ve.

worked as a contract biologist and consultant for governmemt and private
agencies such as the International Union for the Conservation of Nature,
international Whaling Commission, National Marine Fisheries

Service/Marine Mammal Laboratory, Marine Mammal Conmissionm, World

Hlldlﬂfe Fund-US and Netherldnds, Hubbs-Sea World Research Institute,

Na nHal Beographic Society, American Cetacean Soc1ety ard others.

RESEARCH E"FEPIE"" : ’ : “

1984 o present: Senior Scientist and Program Manager for SEACO, Inc., on
contract to the Naval Ocean Systems Center, Code u14 Ean
Diego, California. Served as a field ‘binlogist aad analyst for
studies on the effects of seismic exploration om the behavior
! of bowhead whales (Balaena mysticetus), and aerial surveys for
| marine mammals in the Beaufort, Chukchi and Berimg Seas.
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Graduate Student/7T eachlng Azsistant/Research Assistentfat the
University of California, Center for Marine Studies, Santa
Cruz, Cslifornia. ‘ ’

Frincipal Investigator for Demographic Studies, . Behavior, and
Habitat Assessment of Breeding Gray Whales {Eschrichtius
robustus) In Laguna-San anac1o, Baja Ca11forn1n uur, FMexico.
Senior EBioicgist and Project Manager for Cetacean Research
‘ssgciates, San Diego, California.

nior Hesearch ﬁ1o2001-t for the National Marine Mammal Laboratory
National Marine Fisheries Service, Seattle, Washington. Fie

Eiologist and Senior Ecientist for the study of the impact

the pelagic drift-net fishery {for salmon on the morth Pa

population of Dall’'s porpoise (Dhocnnnn‘de= dalili), US- Japanese

Cooperative Fisheries Agreement.
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197%9: Co-Investigator for Aerial Surveys to Estimate Sizes of Populations of
ttlenose Dolphins {Tursiops truncatus) in Three Selected U.S.

Coastal Areas in Florida and Texas. Principal Imvestigator J.

' Stephen Leatherwood, Hubbs-Sea World Research Imstitute, San

Diego, California and Orlando, Florida. Contract for the

vational Marine Fisheries Service, SEFC.
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EDUCATION:

1980-E5:

search Ass

University of California at Banta Cruz. Ph.D.

Dynamics, EBehavior,

istant for behavioral fish study in the Gulf of California.’
Principal Investigator Steven Hoffman, Ph.D., Un1ver51t/ of

La11+orn1a, Santa Barbara, California.

degree in Biology.
Major Professor: Kenneth S. Norris, Ph.D. Major area of
interest: Marine Mammal Biology, Ecology, Behavior and-
Fopulation Dynamics. Dissertation rezearch: Population

and Piology of Gray Whales (Eschrichtius

robustus).

*

1972-74: University of the Pacific, Pacific Marine Station, Dillon Eeahh,
X California. Haster of Science program in Marine Ecology. Thesis
B » research: Feeding Biology of Embiotocids.
1969-71: University of Callforn1a, Santa Rarbara, California. B. A Deg.ee in
' ulo;ogy with a major in Harine Science. -
1967-69: California Western University, USIU, San Diego, California.
’ : Undergraduate major in Biology. -
nELATzD EKILLS:
Computer Euperience:
Languages: Basic and Fortran 77,
Statistics: S5AS, 5PS5S, Stat-Pac.
o Word Processing:s UNIX-nroff -me, Edit-Vi Multimate, Worg-Star.
) ‘etenm Beil Labs UNIX, DEC PDF1!11, VAX- cO TEM 360, IBEH
XT-PC, COMFAR I:'t:r atle.
£.C.U.B.A, RNaui 100 hr Certification 1971,
w" ‘Small Vessel Operator (50 ton).
Spanish Speaker.
'FROFESSIONAL MEMEERSHIPS: . C e
- . .
1983-present: Charter Member in the Society for Harine Mammals.
19B81-present: President and Board Member of Cetacean Research @ssociates,
San Diego, Califarnia.
1981-present: American Society of Wammalcuists. ,
197%-present: Charter Member in Sociedad Mexicana Fara El Estudio de Los

tha

Mamiferos Marinos, Ea1a California &ur,
Research fssociate, Hubbs-Sea
biego, California.

Fesearch Associate, San Diego Society of N

o s =
a2Ad1C0.

d Research Institute,

Worl San

atural History.

COW“"TING AND SCIENTIFIC MEETINGS -

Workshop to evaluate future gray whale research nesds. Sponsored by

U.S. Marine mammal Commission. June, Monterey, CA. Convener and

Pan1C¢p=1L-



1983:. “The Oceanic Society Field Buide to the Bray KWhale“, Legacy
?ublishing Company, San Francisco. Technical Advisor.

1982: mWhalns" Ipo- boois, Wildlife Edu;a;1nn, Ltd. San Diego, CA.
uechn;cal Advisor., ‘

1782; Workshop on the bEunVlDr of large whales. Sponsored by the

International Whaling Commission, Scientific Committee. National

Harine Mammal Laboratory, Seattle, HWA. Invited Participant,

1981: |"The WKhale Primer". T.J. Walker, Ph.D. Ca br1110 h;:tor1cu1
Association, San Diego, CA. Technical Advxsor.

1781: ﬁEEtinq to review and plan =cxentz-1c research p‘oqrans for ‘he
Indian Dcean Whale Zanctuary. Sponsored by - the International Whaling
Commi=51on, korld Wildlife Fund Hetherlands, and the International
Union for the Conservation of Nature, Ieist, Netherlands. Invited
Participant.

1981: Meeting on cetacean behavior and intelligence and the ethics of
killing whales., Sponsored by the International Whaling Commission,
World Wildlife Fund Internat1owal, ka=h1nuton, D.C. Invited
Farticipant. . ;

19B0: "The Whales that Would Not Die", Emmy award winniné KFBES-American

' Cetacean Scciety tElEJl:lon =pec1a;. Technical Advisor and
Participant. Co

197%-83: Biennial hpetlng cn the Biology of Marine Hammals. Sponscred by the
Eociety for Marine hamnal:. Fresented papers at the III and IV
meetings. -

: International Reunion for the.Study of Marine Mammals. Sponsored by
the Sociedad HMexicana Fara El Estudio de los Mamiferos Harinos, La
Paz, Baja California EBur, Mexico. Participant each year.

|

i

*The Great Whales". #BED~-National Geographic ESociety. Emmy award
., winning documentary on whales and whaling. Technical Advisor and
[ Participant.. - e : . e

PUBLICATIONS

ich 1us rabu=th) in
Bept. Commerce N.T.I.8.

Ewartz, S.L. and Cummings, W.C
Laguna San Ignacio, FEajs C
Publ. -PR2BE 634, I8 pp.

1978. Gray Whales (Eschri
ifornia, Mexico.-U.5.

Swartz, S.L. and Jones, M.L. 1979. The evaluatién;of'humén activities on gray
whales (Eschrichtius robustus) in Laguna San Ignacio, Baja California
Eur, Mexaico. U.S. Dept. Commerce N.T.1.S5. Publ. PE28%9 737, 42 pp.

Swartz, S.L. and Bursk, M.K. 1979. The gray whales of Laguna San Ignacio:
after two years. Whalewatcher, J. Amer. Cetacean Soc. 13(1):7-9

Swartz, S.L. and Jones, M.L. 1980, Preliminary report on gray whales
{Eschrichtius robustus) during the 1980 winter in Laguna San Ignacio,
Baﬁa California Sur, Hexico. Rep. Intl. Whal. Comm. SC 31,




Swartz, S.L. and Jones, M.L. 19B0. Bray whales {(Eschrichtius robustus)during
the 1977-1978 and 197B6-1979 winter seasons in Laguna San Ignacio, Baja
California Sur, Hexico. U.8, Dept. Commerce N.7.1.5. Publ. PBBO 202989,
35 pp. ’

Swartz, S.L. and Jones, M.L. 1981. Demographic Studies and habitat assessment
of gray whales {(Eschrichtius robustus) in Lagura San lgnacio, Baja
California Sur, Mexico. U.5. Dept. Commerce N.T.1.S5. Publ. PBE2 123373
56 pp.

Swartz, S.L., 1981, Cleaning symbiosis between topsmelt (Atherinops affinis)
and gray whale (Esthrichtius robustus) in Laguna San Ignacio, Baja
California Bur, fexico. Fish. Bull. 79(2):36&0..

Swartz, S.L. and dones, M.L. 1983, Bray whale (Eschrichtius robustus) calf
production and mortality in the winter range. Rep. Intl, ¥hal. Coan.
SC/34/P%E

uwa.gb, §.L. and Jones, M.L. 1984, Gray whale mothers and their calves.
Oceans 17(") 47-39.

Swartz, E.L. -and Jones. M.L. 1985, Bray whales (Eschrichtius robustus) in
Laguna San Ignacio, Baja California Sur, texico: 197B-1982. Natl. Beog.
Soc. Res. Reports: 1978 Projects. p. S543-551.

Jones, M.L. and Swartz, E.L. 19B4, Demography and phenology of breeding gray
whales in Laguna San lgnacio, Baja California Sur, Mexico: 1978 to 19BZ2.
In: Jones, et al. (Eds.) The Gray Whale. Academic Press, Inc., New York.
&02 pp. :

Jones, M.L. and &wartz, 5.L. 1984, Demography, behavior, and habitat studies
of gray whales (Eschrichtius rpobustus) in Laguna San Ignacio, ERaja
California Sur, Hexico between 197u and 1982. U.&. Dept. Commerce
N.7.I.5. Publ. {(in press), Spanish Yersion {(in press).

Jones, #.L. Swartz, 5.L., and Leatherwood, J.8. (Eds.) 198B4. The Bray Whale.
ficademic Press, Inc., New York. 602 pp.

Ljungblad, D., Wursig, B. and Bwartz, S.L. 1985. Observations on the behavior
of bowhead whales (Balaena mysticetus) in the presence of operating
seismic exploration vessels in the Alaskan Eeaufort Sea. Unpublished
Contract Report to the U.S5. Minnerals HManagement Service, Anchorage, AK.

Swartz, S.L. and Harvey, J.7. 1985, The use of radio-tags to determine the
nighttime behavior of miqrating gray whales off Monterey, California,.
Unpublished Contract Report to the National Karine Fisheries Service,

Seattle, WA. 325 p.
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Biologist, LGh Limited
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EDUCATION S '
1975 Ph.D. Zoology, UniQersity'of Toronto.f
1972 | M.:cthoology, Uniyersity_offToronto} i
1966 .

B.Sc. Biology, Mount Allison'University, Seekville, N.B.

" PROFESSIONAL EXPERIENCE

1985

1985

1984

1983-84. .

1983

Project leader of a series of 'systematic aerial surveys conducted
foF Union 0il Co. to document the distribution and numbers of
borhead whales in the Alaskan Beaufort Sea during autumn
migration. Responsibilities included conduct of ' the studies, data
aﬂalysls and report preparatlon.;

'y A - i R .

Part1c1pated in a comprehenslve study of the reproductlve blology
of the bowhead "whale on' its summering grounds in the Canadian
Beaufort Sea. Act1v1t1es included crew leader during a extensive
Ftematlc aerial” survey program and primary observer and
navigator during an aerial photography program. Responsible for

d%ta compilation, data base management, and’ analysls of results of
the survey and photography programs.

Project director of a program of ornithological research conducted.

for Syncrude Canada Ltd. in northeastern Alberta. The study

i?volved an investigation of the numbers and distributions of the

summer waterbird and terrestrial bird communities and of fall bird
m#gration in the region. Responsibilities included planning and

conduct of the field work, data analysis and report preparation.

On behalf of Mobil 0il Canada’ Ltd., ‘ prepared- a comprehensive
review of the seabird and marine mammal communities on the Grand
Banks of Newfoundland, including the coastal waters of the Avalon
Peninsula.: Included in the review were assessments of the
population size, breeding status ‘(seabirds), temporal and spatial

~distribution and feeding hab1ts for each species occurring in the

region.

v

PrOJect leader of a study, us1ng aerial Surve§s, of ‘the
dlstrlbutlon of bowhead whales and other marine mammals in the
southeast Beaufort Sea, conducted for Dome Petroleum and Gulf

Canada. Responsibilities included planning and conduct of the
study, data analysis and report preparation.
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1981-83.

- 1981--82

1981-82

1980

1978-79

1975-77

1969-75

Project manager for, and participated in the preparation of, an
environmental impact assessment of exploratory drilling in
Lancaster Sound for the Consolidex-Magnorth-Oakwood Lancaster
Sound Joint Venture. Provided input for the Dome Petroleum et
al. Beaufort Sea-Mackenzie Delta Environmental Impact Statement.
Also involved in the preparation of a preliminary version of an
environmental impact statement for the eastern: Lancaster Sound-
western Baffin Bay region for Petro-Canada Exploration Inc.

Project leader of a study, using aerial surveys, of the winter
distribution of marine mammals in southern Baffim Bay and Davis
Strait--an LGL project for the Arctic Pilot Project and Petro-
Canada Exploration Inc. Responsibilities included planning and
conduct of the study, data analysis and preparatiom of the final

report.

* Project leader, responsible for planning, supervision and conduct

of an extensive aerial survey program, involving field work, data
analysis and report preparation, on the distribution and relative
abundances of seabirds and marine mammals in the southern Labrador
Sea, The study included more than 700 hours of aerial surveys.

On behalf of Arctic Pilot Project, prepared a report. documenting
the biology and quantitative distribution of all seabirds and
marine mammals occurring in marine shipping routes from Viscount
Melville ‘Sound in the central high arctic south to the estuary of
the St. Lawrence River. Also participated in LGL's systematic
aerial surveys of bowhead whales in the Canadian Beaufort Sea for

) Dome Petroleum.

* Project leader, responsible for planning, -supervision and

conduct of a large scale aerial survey program, imvolving field

‘work, data analysis and preparation of reports, om the seasonal

distributions and habitat relationships of seabirds and marine
mammals in eastern Lancaster Sound and Baffin Bay--an:LGL prOJect
for Petro-Canada. '

" Project leader in LGL's studies of the numbers, distributions and
“habitat preferences of birds throughout the District of Keewatin,

northern Manitoba and northwestern Ontario for the  Polar Gas
Project.* Field work involved extensive systematic .aerial and
ground surveys. Project also included marine surveys over
Chesterfield Inlet and southwest coast of Hudson Bay. = Provided

"ornithological input to the environmental statement (environmental

overview and impact assessment) of the Polar Gas Project.

Teaching assistant at University of Toronto involved with courses

in biology, zoology, animal behaviour and animal ecology.
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Graduate research involved the foraging and ecological -relation-
sh1ps of songbirds in  Algonquin Provincial Park, Ontario.
M+lt1variate techniques were used in the analyses.

| : .

1967-69 Research officer for the East African Community (Nairobi, Kenya);
involved in forest entomology.

1966-67 .Technlcian in the Federal Department of Forestry, involved in

plann1ng and establishment of a laboratory for the study of soil
mlcro—organlsms.

$

REPORTS AND PUBLICATIONS

Fr . h

Dr. McLaren| has written numerous reports and papers comcerning the

dlstributlon, abundance and ecology of birds, and; marine mammals. in all:-
regions of Canada.

Reports

1985 ‘MeLaren,_ .L. and J A. Smith.. Ornlthologlcal studies on and near
Crown Lease 17, northeastern Alberta, June-October 1984.  Rep. by
LGL Ltd., Calgary, and Dabbs Environmental Serv1ce, Calgary, to

S§ncrude Ltd., Edmonton. i75 p.

1985 Davis, R.A., -C.R. Greene and P.L.. McLaren. Studies of the
' potentlal for drilling activities on Seal Island to influence fall
mlgratlon of bowhead whales through Alaskan  nearshore .-waters.
Rep. by LGL Ltd., King City,- for Shell Western E & P Inc.,
ATchorage, AK. 69 p. ' _ N
1985 McLaren, M.A. and P.L. Mclaren. Bird migration watches on Crown
,Lease 17, northeastern Alberta, Fall 1984. : Rep. by LGL Ltd.,
Calgary, for Syncrude Canada Ltd. Edmonton. 57 p. '

1984 McLaren, P.L. and R.A. Davis. Distribution of bowhead whales and
' other marine mammals in the southeast Beaufort  Sea,_. August-
September 1983. Rep. by LGL Ltd., Toronto, to the Environmental
Studies Revolving Fund, Ottawa. 63 p.
1983 " - Dav1s, R.A., P.L. McLaren and R.A. Buchanan.. Envirommental issues
and impacts associated with exploratory drilling .in Lancaster
Sound. Rep. by LGL Ltd., Toronto for The Consolidex Magnorth
Oakwood Lancaster Sound -Joint Venture and Pallister Resource
'Management Ltd., Calgary., 171 p.: ' '

1983 McLaren, P.L., R.E. Harrls and I. R. K1rkham. nnlstrlbntlon of
marine birds in the southern Labrador Sea, April 1981-April 1982.

Rep. by LGL Ltd., Toronto, to Petro-Canada Exploration Inc.,
Calgary. 274 p. :
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1983
1982
1982

1981 - -
1980
1979
1978
1978
1978 ;
1977

1977

o

¢ McLaren, P.L. and R.A. Davis. Marine mammal distribﬁtion of f West
- Greenland and in southern Baffin Bay and northern Davis Strait,

March 1982. Rep. by LGL Ltd., Toronto, to Arctic Pilot Project,

Calgary. 75 p.

McLaren, P.L., R.E. Harris and I.R. Kirkham. Distfibution. of
marine mammals in the southern Labrador Sea, April 1981-April
1982.  Rep. by LGL Ltd., Toronto, for Petro-Canada Exploration

-Inc., Calgary. 78 p.

- 3

McLaren, P.L. and R.A. Davis. Winter distribution of arctic

-marine mammals in ice-covered waters of eastern North. America. .

Rep. by LGL Ltd., Toronto, to Petro-Canada Exploration Inc.,
Calgary. 151 p. -

'
n

McLaren, P.L. and R.A. Davis. - Distribution of wintériqg“mérine
mammals in southern Baffin Bay and northern Davis Strait, March
198l. Rep. by LGL Ltd. for Arctic Pilot Project. 85 p.

McLaren, P.L. Distribution of sea-associated birds in eastern
" ‘Lancaster Sound and Baffin Bay, May-July 1979. Rep. by LGL Ltd.

for Petro-Canada. 231 p. + appendices.

McLaren, P.L. and W.E. Renaud. Distribution of sea-associated

birds in northwest Baffin Bay and adjacent waters, May-October:
1978. Rep. by LGL Ltd. for Petro-Canada. 324 p. + appendices.

- .McLaren, P.L. Summer bird populations in Chesterfield Inlet,

District tof Keewatin, N.W.T. Rep. by LGL Ltd. for the Polar Gas
Projects 75 ps o h g

Mclaren, P.L. and C. Holdsworth. Summer bird populations in the

Pitz Lake-Baker Lake area, District of Keewatin, N.W.T. Rep. by
LGL Ltd. for the Polar Gas Project. o

- MclLaren, P.L. and M.A. MclLaren. Studies of terrestrial bird

population in northwestern Ontario and northern Manitoba, June

.1977. Rep. by LGL Ltd. for the Polar Gas Project. 159 p.

MclLaren, M.A., P.L. McLaren and W.G. Alliston. Bird populations

" in the 'Rasmussen Basin lowlands, N.W.T., June-September 1976.

Rep. by LGL Ltd. for the Polar Gas Project. 350 p.

.Mciaren, P.L., M.A. Mclaren and L.A. Patterson. Numbers and

distribution of birds during migration in the District of
Keewatin, northern Manitoba and northwestern Ontario, 1976. Rep.

.by LGL Ltd. for the Polar Gas Project. 284 p.

!
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1976

Mciaren; P.L., R.A. Davis, W.E. Renaud and C. Holdsworth. Studies
of| the numbers and distribution of birds in the District of
Keewatin, N.W.T. June—-August -1975. . Rep. by LGL Ltd. for the
Polar Gas Project. 591 p. ' . S '

Publications B . v : -

1984

1982

1982

1982

1982

1982

1982

1981

1981

1976

1975

1973

McLaren, M.A. and P.L. McLaren. Tundra swans nesting in
northeastern Keewatin District, N.W.T. Wilson Bull. 96:6-11.

Mciaren, P.L. and M.A. Mclaren. Migration and summer distribution
of lesser snow geese in interior Keewatin. Wilson Bull. 94(4):
49/4-504. .

Mciaren, P.L. Spring migration and habitat use by seabirds in
e%stern Lancaster Sound and western Baffin Bay. Arctic 35:88-111.

McLaren, P.L. and M.A. McLaren. Waterfowl populations in eastern
Lahcaster Sound and western Baffin Bay. Arctic 35:149-157.

MﬁLaren, P.L. and W.E. Renaud. Seabird concentratidns in late
summer along the coasts of Devon and Ellesmere islands, N.W.T.

Arctic 35:112-117.

Renaud, W.E. and P.L. Mclaren. Ivory gull (Pagophila eburnea) .
dﬂstribution in late summer and autumn in eastern Lancaster Sound

add western Baffin Bay. Arctic 35:141-148.

Renaud, W.E., P.L. MclLaren and S.R. Johnson. - The dovekie, Alle

alle, as a spring migrant in eastern Lancaster Sound and western
Baffin Bay. Arctic 35:118-125. :

McLaren, P.L. and M.A. Mclaren. Bird observatidns in northwestern

~Ontario, 1976-1977. Ont. Field Biol. 35:141-148.

McLaren, M.A. and P.L. McLaren. Relative abundances of birds in
boreal and subarctic habitats of northwestern Ontario and
northeastern Manitoba. Can. Field-Nat. 95:418-427.

James, R.D,, P.L. McLaren and J.C. Barlow. An annotated checklist
of the birds of Ontario. Life Sci. Misc. Pub., R. Ont. Mus. 75

. p .

MclLaren, P.L. Habitat selection and resource utilization in four

species of wood warblers. (Aves: Parulidae). Ph.D. Thesis,
University of Toronto. 168 p.

M?Laren, P.L. and M.A. McLaren. A sight record of the ferruginous
h§wk in British Columbia. Blue Jay 31:59.

i
i
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1973

1972

o i -
_‘McLaren, P.L. Physical combat in the brown-headed cowbird."

Wilson Bull. 85:342-343.

McLaren, P.L. An analysis of morphological wvariation in the
starling (Sturnus wulgaris L.) (Aves: Sturnidae) in North
America. M.Sc. thesis, University of Toronto. 126 p.




WILLIAM R. KOSKI

wildlife Biol%gist, LGL Limited

EDUCATION

1974

1970

PROFESSIONAL EXPERIENCE : o ¢

1985

1984

1983

M.Sc. Biology, Laurentian Universiti.

' B.Scr Biology, Laurentian University. - . =« . + «. . v~

P - . . -

'FieHd leader on LGL's aerial survey program to document the late

autumn migration of bowhead whales -from the Canadian Beamfort Sea.

Field leader on LGL's bowhead .aerial photography program to

determine reproductive parameters of the western Arctic bowhead
whale population. S o ;

Conducted aerial surveys of moose, bison, and furbearers in northern
alberta for LGL in connection with a study to assess the impact of a
proposed hydroelectric project on the Slave River.

|

Field leader on LGL's bowhead aerial photography program in the
Can%dian Beaufort Sea in 1984 for Canadian government with
supplemental funding from NMFS. Analysis and write-up of
measurement data. :

Ass;sted in the pfeparation of a document pertaiming to the
cla%sification and evaluation of wetland habitats for wildlife in
Alberta. : : '

Developed land management plans for several properties obtained by ’

Alberta Fish and Wildlife Division under. their habitat maintenance
and| acquisition program. '
Conducted aerial surveys and vertical photography of bowhead whales
in Fhe eastern Beaufort Sea.. Deployed sonobuoys and momitored sound
recprding equipment in -order to record bowhead whale wocalizations -
and to determine the sound levels produced byindustrial activities

in areas inhabited by whales.. ‘

Conducted studies of breeding waterfowl populations'in;the Mackenzie
Delta for LGL. '

Assisted in the preparation of documents summarizing the existing
literature on the distribution, numbers and use by birds of the
Mackenzie Valley and parts of northern Alberta.

As%isted in the preparation of draft environmental guidelines for
birds in the Mackenzie Delta.
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1982

1981

Conducted aerial surveys and vertical photography of bowhead whales

for LGL in the eastern Beaufort Sea. Analysed and reported the
results of the photography. '

Conducted aerial surveys and ground-based studies of breeding
waterfowl in the central Mackenzie Delta. ' :

Conducted LGL aerial surveys and vertical aerial photography of
bowhead whales in western Hudson Strait in late winter.

Participated in LGL's aerial surveys, behavioural obseérvations and
vertical photography of bowhead whales and other marine mammals in
the Beaufort Sea. Analyzed and reported the vertical photography

‘results.,

Prepared summary documents concerning the distribution and numbers
of birds of the Beaufort Sea region and Mackenzie Valley.

. Conducted LGL aerial surveys of marine mammals and birds in N

1980

1978-80

Hudson Bay, Hudson Strait and along the Labrador Coast 'in late
winter.

-Conducted LGL aerial surveys of moose and cariboe in northern

British Columbia.

Responsible for conducting LGL studies of the distribution,
abundance and habitat use of marine mammals in the Canadian high

- arctic. Supervised and conducted extensive aerial surveys in the

1978

1977

Baffin Bay area; senior author of resultant reports.

On behalf of LGL, conducted winter track counts and-aerial'éurveys
of ungulates and furbearers on the IOL Cold Lake Lease.

Conducted LGL aerial surveys of birds and marine mammals in the’

- Canadian High Arctic. Conducted vertical aerial photography of

1976

fast ice areas for ringed seals and seal holes, walrus haul-out
sites and white whales.

Conducted LGL investigations of impacts of development on the
wildlife of the Cold Lake area of Alberta including aerial and boat

surveys of waterfowl.

Conducted an LGL review of the methods of deterring and diSper31ng

.waterbirds from oil spills.

Conducted an evaluation of aerial photography as a method of
censusing snow geese.
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1974-77 Conducted aerial and ground-based investigations on the Yukon and
Alaska North Slope and in-the, Mackenzie .Delta for LGL of the impact
on avifauna of the proposed. Mackenzie Valley gas pipeline.
Research included autumn distribution of snow geese, distribution
of breeding birds relative to various habitats, distribution of
nesting peregrine falcons and distribution-and use of nest sites by
ovetwintering gyrfalcons in the northern Yukon. ’ '

1975 Asélsted in the establlshment of census. plots for breedlng seablrds

on |St. Lawrence Island, Alaska, in early spring.

~ BN

1973 On | behalf of LGL, conducted studies of .snow goose. energetics
relevant to a proposed,Mackenzie Valley gas, pipeline. -.
Research concerning regeneration of deer browse in winter-logged
areas in Ontario. Conducted deer pellet group surveys to estimate

w1nter deer populations and conducted ‘dead deer surveys' to estimate
winter mortality of deer in winter: yards.

L.

4 -2

1970. Consultant -blologlstvﬂtomentarlou Water~ Resources Commission.
Research concerning water pollution.

1969 Identified plants and incorporated them into the National Herbarium
inl Ottawa.

REPORTS AND PUBLICATIONS R ¥

Numerous re%orts and papers concerning the numbers and distributions of
marine mammals in the Canadian arctic, and bird distribution and habitat use
on the Nort? Slope of Alaska and the Yukon Terrltory. - -

o

Reports and Publications on Marine Mammals

N g
1 Py

In prep. Koski, W.R., R.A.'Devisland G.W..Millet.' kemote eeﬁsing‘oftbowhead
whales using low-level aerial photography.

In prep. Késki, WeR. and R.A. Davis., Fall migration of bowhead whales along
NE Baffin Island.’ -

1986 Davis, Re.A., WeR. Koski and G.W. Miller. Experlmental use of

aerial: photogrammetry to assess the long-term responses of bowhead

wPales to offshore industrial activities in the Canadian Beaufort

Sea. Rep. by LGL 1ltd., King City, to Canada Dept. Indian and
Northern Affairs, Ottawa. 155 p.
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1985

1983

1983

1982

1980

1980

1980

1980

1979

1978

Nerini, M., J. Cubbage, R. Davis, J. Calambokidis, W. Xoski and D.
Rugh. 1985. Length frequency distribution of bowhead whales in the

Canadian Beaufort Sea, 1982-1984. International Whalimg Commission
Working Paper SC/37/PS23.

Davis, R.A., W.R. Koski and G.W. Miller. Preliminary assessment of
the length-frequency distribution and gross annual reprsductive rate

~of the western arctic bowhead whale as determined with low-level

aerial photography, with comments on 1life history. " Rep. by LGL
Ltd., for National Marine Mammal Laboratory, Seattle,:Wash. 91 p.

Finley, K.J., G.W. Miller, R.A. Davis and W.R. Koski. A distinctive
large breeding population of ringed seals (Phoca hispida) inhabiting
the Baffin Bay pack ice. Arctic 36:162-173.

Davis, R.A., W.R. Koski, W.J. Richardson, C.R. Evans and W.G.
Alliston. Distribution, numbers and productivity of the Western
Arctic stock of bowhead whales in the eastern Beaufort Sea and
Amundsen Gulf, summer 198l. Rep. by LGL Ltd., Toromto, for Sohio
Alaska Petroleum Co. and Dome Petroleum Ltd. (Co-managers). 134 p.

Koski, W.R. Distribution and migration of marine mammals in Baffin
Bay and eastern Lancaster Sound, May-July 1979. Rep. by LGL Ltd.
for Petro-Canada Exploration Inc. 317 p.

Koski, W.R. Distribution of marine mammals in the Camadian Central
High Arctic, July-September 1979. Rep. by LGL Ltd. for Petro-Canada .

and Arctic Biological Station. 107 p.

Koski, W.R. and R.A. Davis. Studies of the late summer distribution
and fall migration of marine mammals in NW Baffim Bay and E

Lancaster Sound, 1979. Rep. by LGL Ltd. for Petro-Canada
Exploration Inc., Calgary. 214 p.

Davis, R.A. and W.R, Koski. Recent observations of the bowhead

whale in the eastern Canadian high arctic. Rep. int. Whal. Commn
30:439-444.

Koski, W.R. and R.A. Davis. Distribution of marine mammals in
northwest Baffin Bay and adjacent waters, May-October 1978. Rep. by
LGL Ltd. for Petro-Canada Exploration Inc., Calgary. 305 p.

Davis, R.A., W.R. Koski and K.J. Finley. Numbers .and distribution
of walruses in the central Canadian high arctic. Rep. by LGL Ltd.
for Polar Gas Project, Toronto. 50 p. '



Dr. CHRISTOPHER W. CLARK
Assistant Professor,

The Rockefeller University Field Research Center

BIOGRAPHICAL

SKETCH ,
" Christopher W. Clark Date of Birth:
Rockefeller University Married, 2 children
Field Reseerch Center Ss# :
Tyrrel Road . : o o S -
Mlllbrook | New York 12545 o R

Present pogltlon
A531stant Professor, The Rockefeller Unlver31ty Field Research Center

Educationi~ CL _:- e ,
State Univ. of New York, Stony Brook  B.Sc. 1972 . Biology
State Univ. of New York, Stony Brook - B.E. - 1972 ~ Emgineering
State Univ. of New York, Stony Brook . M.S., . 1974  Elect. Eng.
State Unlv. of New York, Stony Brook = Ph.D. 198¢ - Biology
The. Rockefeller Unlver51ty,New York,NY Post.Doc.81-83 Bjo/Anim.Comm.

Honors
Member, Tau Beta Pi, 1969- '
President, Tau Beta Pi, Stony Brook Chapter, 1971 1972
. National Fellow, Tau Beta Pi, 1972-1973
Blomedlcal Research Fellowship, 1978 1979
NIH Po§tdoctoral Fellow,1981-1983
Teaching gxoerlence '
Teachlog Assistant, Electrical Englneerlng, 1972 1974
Teachlng Assistant, Biology, 1975,.1978, 1980, '
. Invited guest lecturer, Woods Hole Boston, Unlver81ty Marime Biology
c%urse, January 1978, 1980, 1981. L .
Inv1ted guest lecturer, Cornell University Shoals Marlne Laboratory,
Marrne Vertebrate course, July 1985.

Research Exoerlence :

1972 Assistant to Dr. Ronald Hoy in h1s research on the

‘ neurophysiological bas1s of spec1es recognition in

crickets.
(Summers) - Assisted Dr. Charles Walcott with his
research on homing pigeon navigation.
1972-1972 (Falls) - Assisted Dr. Roger Payne- durlng his expedition
| to the Gulfo San Jose; Argentina, studylng the acoustlcs
and behavior of Southern Right Whales. . .
(Summers) -I designed, built and tested a small portable
computer. This system, best described as a real time under-
water sound direction finder, determined in less than a
second an unambiguous direction to a vocalizing whale.
Doctoral research on the coast of southern Argentina
studying the sounds and behaviors of Southern Right Whales.
(Spring) - Contracted by the National Marine Fisheries
Service's Bowhead Whale Research Project to install my

1972-1973

1974-1975

|
1976-1980

1979-1980



sound direction finding system off Pt. Barrow, Alaska and

, . acoustically census the Bowhead whales.

- 1981-1983 Postdoctoral research, developing an acoustic telemetry
system for remotely recording animal vocalizations,
investigating correlations between variability in acoustic
signals and behaviors and developing a computer based
system for feature detection and recognition of animal o
acoustic signals. .

1983-1984 Behavioral co-principle 1nvest1gator and consultant to Bolt

‘ Beranek and Newman Inc. during their investigations on the
potential effects of underwater noise from o0il and -gas
development and exploration activities on the behavior of
migrating gray whales. -

1984-1986 Co-principle investigator for am Arctic research prOJect

studying the acoustic behavior of migrating bowhead whales.

For this project I helped design and develope a customedized

computer-based signal processing system. This system accepts up

to four channels of acoustic input and dlsplays them as -
spectrographs on a video terminal. The user:can 'then-edit,

filter and compare sounds with standard analytical methods. Im

the case of the bowhead whale project, the analysis computed

time delays between the same signal arriving at an array of
hydrophones in order to determine the exact position of the
vocalizing animal. By this process I am able to acoustically
track ‘whales out to distances of 15 km and accurately measure
the characteristics of calls and soungs including note
morphology, directivity pattern and source level.

1985-1987 NSF grant for the quantitative analysis of amimal vocalizations
with particular emphasis on the ontogeny of song development in
song birds as a function of early experiencial and
physiological environment. I have developed a-highly flexible
acoustic processing software program in order to quantify and
automate the analytical process of describing and comparing
birdsong notes and syllables. This includes the high speed

- acquisition of songs, the ability to rapidly splice out pieces

: ~ of song and describe and compare any two utterances.

Publications ' .

Clark, C.W. 1980. A real-time direction finding device for deter- :°
mining the bearing to the underwater sounds of Southern Right
Whales, Eubalaena australis .J. Acoust. Soc. Am. 68:508-511.

Clark, C.W. & J.M. Clark. 1980. Sound playback experiments with
southern right whales, Eubalaena sustralis . Science 207:
663-664.

Clark, C.W. 1982, The acoustic repertoire of the southern right
‘whale: a quantitative analysis. Anim. Behav. 30: 1060-1071.°

Dool1ng, R.J., C.W. Clark, R. Miller & T. Bunnell. 1983. Program

' package for the analysis and synthesis of animal vocalizationms.

Behav. Res. Methods and Instr. 14: 487.

Clark, C.W. 1983. Acodustic communication and behavior of the
southern right whale. - In: R.S, Payne (ed.), Behavior and
Communication of Whales . Westview Press: Boulder, CO.-

Clark, C.W., R.J. Dooling & T. Bunnell. 1983. Analysis and synthesis
of bird vocalizations: An FFT-based software system.: Behav.
Res. Methods and Instr. 15: 251-253.




Clark, C.W. and J.H. Johnson. 1984, The sounds of the bowhead whale,
Balaena mysticetus, during the sprlng migrations of 1979 and 1980.
Can. J. Zoo. 62:1436-1441.. ..

Clark, C.W. 1984, Acoustic Communication and Behavior of Southern Right
Whales, Eubalaena australis. In: National Geographlc Society

| Research Reports, Vol. 17: 897-908.

. Wursig, B., C.W. Clark, E.M. Dorsey, M.A. Fraker and R.S. Payne. 1982.

Normal behavior of bowheads, 1980-81. In: W.J. Richardson (ed.),

Behavior, disturbance responses and distribution of bowhead whales

Balaena mysticetus in the eastern Beaufort Séa, 1980-81, p. 33-144.

Report prepared by LGL .Ecological Research Associates, Inc., Bryanm,

TX, for the Minerals Management Service, Reston, VA, 456 p.

Malme, C.I., P.R. Miles, C.W, Clark, P. Tyack, and J.E. Bird. 1983.

. Investigations of the potential effects of.underwater noise from
petroleum ‘industry activities on migrating gray whale behavior.
Report No. 5366, report prepared by Bolt, Beranek and Newman Inc.
Cambridge, MA, for the mlnerals Management service, Anchorage, AK,
- 325 p. . : -

. Malme, C.I., P.R.. Mlles, C.W. Clark P.vaack -and J.E. Bird. 1984.
Investigations of the potential effects of underwater noise from
petroleum industry activities on migrating gray whale behavior-
Phase 2: January 1984 migration. Report No. 5586, report prepared
by Bolt, Beranek and Newman Inc., Cambridge, MA, for the minerals
. Management service, Anchorage, AK, 297.p.

Malme, C.I., P.R, Miles, P. Tyack, C.W. Clark,. and J.E., Bird. 1984,

Investigations of the potential effects of underwater noise from

petroleum industry activities on feeding humpback whale behavior.

Report No. 5851, report prepared by Bolt, Beranek and Newman Inc.,

Cambridge, MA, for the mlnerals Management serv1ce, Anchorage, AK,
205 p. .

Clark, C.W., W.T. Elllson, K. Beeman. In press. A prellmlnary account of
the acoustic study conducted during -the-.1985 apring bowhead whale,
Balaena mysticetus, migration off Point Barrow, Alaska. Rep. Int.

o Whal. Commn.. 1986, 19 p.

Ko, D., J.E. Zeh, C.W. Clark, W.T. Elllson, B D. Krogman, and R. Sonntag°
In press. Utilization of acoustic location data in determining a
minimum number of spring-migrating bowhead whales umaccounted for
by the ice-based visual census. Rep. Int. Whal. Commn. 1986, 38 p.

Sonntag, R.M., W.T. Ellison, C.W. Clark, D.R. Corbit, and B.D. Krogman.
In press., A description of the tracking algorithm and its
implication to bowhead whale ‘acoustic location data collected

during the spring migration near Point Barrow, Alaska 1984-85. Rep.
Int. Whal. Commn. 1986, 55 p.

Manuscripts in preparation :
Clark, C.W., W.T. Ellison, and K. Beeman. ms. Acoustic censusing of

migrating bowhead whales, Balaena mysticetus, in the spring of 1984
off Point Barrow, Alaska.

Clark, C.W., W.T. Ellison, and K. Beeman. ms. Acoustic location techniques
and calibration methods for observing migrating bowhead whales,




" Balaens mysticetus. R

‘Clark, C.W. ms. Acoustic behavior of bowhead whales, Balaena mysticetus,
in the Beaufort Sea, 1980-1981. L,

Recent Presentation .

Acoustical Society of America. Nov. 1983, C.W. Clark, P. Iyack J. Bird
and V. Rowntree. Effects of underwater noise on migrating gray
- whales off the coast of California. :

_Acdustical Society of America., May 1984, R.J. Dooling, H.T. Bunnell and
-C.W. Clark. Critical band analysis of avian vocalizétion.

Acoustical Society of America. Oct. 1984. W.T. Ellison C W. Clark and K.
- .Beeman. Real-time passive localization and spectrum analysis of
transient underwater sounds using a field portable computer-based
I system. - : .
Third Conference on the biology of the bowhead whale. Jam. 1985. C.W.
vy Clark, W.T. Ellison, and K. Beeman. Variations in the rates and
types of bowhead whale, Balaena mvsticetus, vocalizations during
the spring (1984) migration off Point Barrow, Alaska.

Third Conference on the biology of the bowhead whale. Jan.*1985. C.W.
Clark, W.T. Ellison, and K. Beeman. Acoustic locations and
distribution of migrating bowhead whales, Balaena mvsticetus, off
Point Barrow,, Alaska in the spring of 1984 during good and very

. good visual censusing conditions.
Third Conference on the biology of the bowhead whale. Jan. 1985. C.W.
Clark, W.T. Ellison, and K. Beeman. Acoustic locations and
~ distribution of migrating bowhead whales, Balaena mysticetus, off
Point Barrow, Alaska in the spring of 1984 during-poor and :
; unacceptable visual censusing conditionms,

Third Conference on the biology of the bowhead whale. Jan. 1985 C W.
- Clark and P. Tyack. Observations on the behavior of the gray whale
Eschrictius robustus, in the presence of underwater industrial
noise. i

Sixth Biennial Conference on the Biology of Marine Mammals. Nov. 1985,

- Invited paper. Sleeping in the dark: whoops, whistle, and space
.cadets. .
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Dr. William Thecdore Ellisan

Srasert Ocousaticri/Privicipal Activities

1583-:5858 FPresicent arnd Chief EScientist of Marine Acoustics, Cotuit,
Massachusetis. Presently encaged in ongoing analysis and experimental design in
underwater accusitics for varicus agercies of the U.S. Navy, princigalily in the
area of hish freguency under—ice acoustic scattering in the Arctic. Zxoert witrness
ori bebaif of the Naticnal Rescurces Defense Courncil (plaintiffs) in the case of
Viliage of False Fass, et al. vs. James . Watt, et al. In 982 Marine Rrcoustics
wor & major competitive conitract from the Norih Sicpe BRorough, Alaska to cesign,
develop, and imoliemernt an acoustical detection system for assisting in the census
of The bowhead whale poouiation curimg ite sprinp mipration ogast Foint Barrow,

. Irn 1284 Marine fFAcoustios was seLlerC

Alasxa T Caradiar Soverrment
Departmert of Freshwater Ficheries to oesiprn anc oevelos an acoustical reporcing
systam Tor mueitichanmel array recordirnes of migrating bsluma and marwhal in Baffin
Bay. In 1985 Marire focustics continued its bicacoustic research role in the. . +°
Qrcti: witn a second corntract with the NSB poverivio the Soring 1935 bowsad o«
mipration. In recoonition of the advarices made by the Marire Rcoustics team in the
v=100m=ﬂt of rew methods of studying whale behavior and e;*imaf~rg* hale
;cDL sation size, Dr. Elliscon was appoinied as a member of the U.B. Delspation to.
the griertific committee of the Interraticnal Whaling Commissior. - . Co

frevicus Sositiare Helld

1982-1574 Cfficer, U.E.Navy ircluding gualification as Sonar Officer irn Destrover
Class Vessels; Technicel Director of the AN/SEZ-26 Progject Cffice (rPS— 87,
NAVBZA Headguariers, «Weshingtori, D.C.§ and Guality Assurance Officer for
Submarines ant SUBBAFE Program Officer at the Supervisor of Shipbuiiding, Groton,
£7. Currently hold the vank of Casiairn, U.S5. Naval Reserve (Reti.).

1574-1583 Vice President, Princioal, and Senicr Scientist &t Cambridpes Poousticsal
Asscciates, Iinc., Cambridpe, Macssachusetts. Princical investigator oan over fifiy
najor research contracis in:luding aralysis, experiment, and ecuipment cesion in-
the Tields of uncderwater acoustics, naval architecture, and nycrodynamics. Expert
witnese Tor the Iruit iaolr*sat of Canaca ang the Baffin Repion Inuit ‘Rsscciation
art ¥he fArctic Silet Frog=2et Spolicatiaon bSevore the National Eﬂe”cy Board of :
Canada. Member of the Ecieriific Acdvisory Commitiee to the North -Sicoe Borounh,
Alaska. :

Mmarire Acoustics 2 April 13986
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txpediticrs., Research, Field Work

_ . .
1978 - Farticipated as a visiting scientist on the Naval Arstic Research
Laboratory's flcoatinp ice station, ARLIS VII, for a pericd of two weeks concuctirp
feasibility studies on the use of both active and passive underwaier acoustic
devices far studyirg Arctic marine wildlife. This station was established on a
free Tioating ice floe, located roughly 10@ Nmi ricrth of Foint Barrow in the
Beaufort Sea. ' .

1578-1373 - Rccustical comsuliant to Froiject Wnales. This project was conducted by
NERL for the Bureau of Land Manapement on the subject of the impact of offshare
petrocherical exnlaitation an Protic marire mammals, particuiarly the baowhsad

1. : - - -

1)

b3
oy
m
P

the U.8. Naval Reserve Frectic Contingency Team including
tive cduty Fa? training at the Naval Arctic Research Laboratory, Barrow, Alaska,
ang 25 & membek of the advarce lagistic support t=am in Thule, Greeniand
responsiblie for the initial setuos of commurications and logistic supoort for the
u. 5. Navy's Eaft Protic 82 and 81 exoeditioms.

14

F-4
A\

$
-

)

n

78-1331 - Memser c
et

576-:1581 - Zrincipal investipator on two scientific research contracts with the
ffice of Naval Research in the area of Arctic underwater acoustics. ’

| .
1573 - Served las a member of & special working proup of The Accustical Scoiety of
America's Coondinating Committee orn Snvircrmertal Acoustics charped with reviewing
the current stafus of knowiedge on the effects of marmade noise an Arctic marine
. B.séd ar the groubdts reconmmencaticns a major wWorksnop was conducted in

wiidliTe & i
Feb 1972, at which I served as an inviied soeaker and wrote the section in the
oroceadings an Arctic amsient noise.

1588 - Under cdoriract to the Alaska Zekime Whaling Commission uncertock with Dr.
C. Cummings |[end Dr. D. V. Hollicay an Arctic ambient noise research orcject. This
field project |was coricucted at a number of sites on tne shorefast ice ofTshore of
Foint Earrow ant Prudhos Bay Alaska during the months of May and Jure, 198Q.
to the Nerth Sicpe Borouph, Siaska participated with Dr.
W.C. Cummivics and Dr. D.V. Holliday im a feasibility stucy to determine if passive
stic iccalization technioues couwld be used To cetermive the location of
bowhead whales during their spring mipration past Point BRarrow, Rlaska. This was a
d e¥padition siatiored on the shorefast ice
n throushout most of the month of May, 1381,

1981 - Undeyr contract

at the edge of the soring

0
=
n.

153 z | s Jucircial and civil orocescincs in Canaca
the U.8. on the subject of the impact of marmace ncise on marine wiidlife.
|
I
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1583 - Awarded a research contract to contivve acoustic localization studies of
bownhead whales of f Foint Barrow during the Spring, 1984 miograticn pericd. This
ceritract alse culminated in the cesionm and comstiruction of the Tirst successful
field portabie marine mammal passive lccalization system ever ceveloped.

1984 - Awarded coriract by Caradian Goverrment to develop a custom sysiem for
receiving and recording multichannel marine mammal vocalizations. Systen
successfully demornstrated and delivered in December 1984.

1284 - Project - leacer of two field exoeditions to perform accustic studies on
migrating bowhead whales off the hor*h S‘c:e of Alaska. April/May 1984 off Point
Earrcw, Alasks, arc Sept (284 off Beaufort Lapocor, Rlaska.

i385 - Byoject sesder of Tieid exoedition to continue passive dCuUS"C lc-a*:on
udiee of bowhead whales off Foint Barrow, Rlaska.

1585 - Apoocirted as-a membder of the Urnited States delegation to the scientific
committes of the Interrnational Whaling Commissian,

The research.citations for the activities described above are incluced inthe
next sectiarm) : c
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oubiications arnd Svmposia
"T“ahSW;Ssluh'LuSS ¥easuremerits of Soda—S raw Barks," J. Rooust. Sac. Am., 42,
28-S (13e7). .

-

"Ar, Analyeis of the Resporse of Cylindrical Ducts to irnterrial Zero Mean Flow,
Air-Carried Accustic Excitaticor, " Master's Thesis, MIT, {18&8).

"Wariational Tormu latian ‘or the Full y Ccunled ﬁrob;em of a VID“E*IHD Circular
Plate in a Ripid Wall," Fresentation ta the Armual Spring Meetinp,. J. Accust. Sac.
Am. , 48, B3a, | (197®). o

"Finite Membrarnes and Plates Viorating in a Derise
< 4
’ i

& An Graivsis of tne Fully
Counled Hrcgigm,' Fr. D. Thesis, MIT, ONR Reoort 7i478-2, |

i57en.

e Suriace ;impecarce,” Fresented at- the
)

UI-
3

Bachkscattering ¥rom & Cyliroger with
5 Mie, J. ﬁcHusv. Sac. Qm.,a?, 5

"Camparison Bftween iate and 5hell Models Tor Scattering Trom a Framed Ziastic
Cylinder," Presented at the B4th Mip, J. .Acoust. Sce. Am., (With J.¥.Barrelick)
£z, 51, S&7a,| (1377). . e e e e

"fAooustic Research Reguiremernts in Support of Under-Ice Weapon Effectiveness,”
Frac. “”nd Navy Symposium on Urderwater Rcoustics, New London, 2@3, (1378).

"Baautort Sea |Lnderwater Scwrid Propagation,® Invited Presertaticon, San Dieza
Korkshao an z?e irteraction between Marn-Mace Noise and Vibretiorn and Rrctic Marire
Wwildliite, hCu‘ Soc. Am., 25-25 Feoruary . 1382 -

"

Environmentgl Noise Studies in the Arciic, ™ The Northern Encineer (With W.C.

?

Cummirms ang D.V. Holliday), i3, 1, l4-2@&, (1381).

’

a Mook Mocdel Submarine, " Froceedincs of the 34Th Navy
water Azcustics (With F.F. Fessernden and J. Heoliand), San Diesgeo,

~4

"The Target Sgrencth o
: I
Symoosium o Under
283, (i381).

izasurament of Man-Fade Noise off Nor‘h Sicoe, Alaska,"” Fresernied at the i¢2nd

| . . . Lo e
. Rooust, Sce. Am., 7@, i, S5B82-3&, (With W.C. Cumminps and D.V. Haliiday),

L4
o
i). .

N Biooe of Rlaska," Preserntsd at the 1&2

"Near Sheore Pmbient Neise of Ff the Nort
1, 884-5&, (With W.C., Cumminpgs and D.V. kKolligay),

: - L . -

o, J. Rooust. Scoc. Am.. 7E,

{1381).

"Invirormertsl Noise Pfrograms in the Rreotic, " Invited Presertation 17th Arnual -

Awards Meeting, Narragarnseti Chaoter, Acousi. Sco. Am., (1382).

Marine Acousijics ' .9 RAoril 1988



-

niga3 IMSTARM Field Data ARcouisition System: Documentation and arn Example of
Ireliminary Results, " CAR, Ivic. Report U-B45-2@23, (1982).

"jsing Bowhead Urderwater Scunds to Determine Spatial Distribution of the
Miprating Whales,” Invited Presentation at the Second Canferernce on the Biology of
the Bowhesad Whale (With W.C. Cummings and D.V. Holliday), Anchorage, (1583).

"oageive Localization of Scunds {from Bowhead Whales, REalaerna mysticetus: Spring
Mipration off Foint Barrow in !3582," Presented at the Anrual Spring Meeting, J.
Accust. Sce. Am., 73, 81, S5&8a, (1%83).

icri of Bowhead Whaies inm Peopulation Stufies
»

"Feasibility of Fassive Rroustic Lacat:
+ to the Norin Siooe Borough,” {with W.C.Cuwnmincs

off Point Barrow, Alaska: A Report
and D.V., Holligay) (1383).

"An Under-ice Scattering Model; Comparison with Measured Resultis, ™ Procesdings of
the 35th Navy Symposium on Underwater Rocouetics, {(with C.J, Rlbanese), Wash. D.C.,
Nov 188C. ‘

i-Time Passive wcalization and Spectrum Aralysis of T isient Urcerwat
"Reai-T E Lazal t d & fAralysis of Transient Underwater

Sourds Using a Field Portabie Computer Based System,” {with C.W.Ciark and
H.Deewan), 188th mtn Acoustical Saciety of Bmerica, Oct B84,

"Lcw ka Tarcet Strerpths of Naval Mines,” (with E.8.Mcleroy), U.S. Navy Journal of
Urnderwater PRocustics, July 1384,

"Ar Acoustic Study of Bowhead Whales, Balaena mysticetus, off Foint Barrow,
guring the Soring 1384 Mipratiorn," (with C.W. Clark and X. Beeman), Final Contract
Resart to the N5B (dratt cooyl, Jan 13983{a).

ives and Methads for the Rooustic Studies Conducted During the Soring(i584)
a ari of Bowhead wWhales, off Foint Barrow, Alaska,” {with C.W. Clark and
Eeenan!, Fresented to the Third Conferernce on the Biclaogy of the Bowhead Whale,
Arichorage, Riaska, Jan 1983(b).

a M

i
y

"Wariations in the Rates and Tyoess of Bowhead Whale, Baliaera mysticetus,
'ccalizaticone durinpg the Soring (1984) Mipration off Point Barrow, Riaska,” {with
- We Clark anc K. Beeman), Freseniec to the Third ConfTerence on $the Biclopy of
the Bowhead khale, Pnchorape, Rlaska, Jan 1283 (a).

tiome and Distribution of Migrating Bowhead Whales, Baliasna

f Pxint Barvow, Rlaska in the Sorirvp of 1984 during Good and Very
i .We Tlark ang K. Bazsman), Fresented to
S

~

owhead Wnale, RAnchorase, Rlasks, San
nrm

nocustic Locations and Distribution of Migrating Bownead Whales, Baiaena
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myetizetue, off Point Barvow, flaska in the Soring of 1984 during Foor Visual
Cerisusing Conditioms, (with C.W. Clark and K. Beeman), Presented to the Third

Corifarence or tne Biclogy of the Bowhead Whale, Rrchorape, Rlaska, Jan 1985(c)'

"Arcustic trabking and cistribution of miprating bowhead whales, Balaena

mvsticetus of f Foirt Barrow, Rlaska in the spring of 1384." With C.W. Clark.
Froceecincs of the 1985 meeting of tne Scientific Committee of the Irternaticnal
Wnalirg Commi%51on. Faper Su/u7/P51‘

"A preliminary account of the accustic stucy corducted during the 1985 spring
scwnead whalﬂr Balaevia mysticetus, migration of f Foint Barrow, Alaska.”
With C.W. Zlark. Proceedinos of the 1983 meeting of the SCIEﬂulflC Camm ttee of

the Internatiomal Wnalinp Commissicorn. Faser S8C/37/FC1G.

ceticn Technigues and Cailibration Methocs Uted During the Soring 1584
Bowhegad Wnale, EBaiaera mysticetus, Migrationms.” With

Ciark, C.W., and Beemar, H.. Froceedincs of the 1985 meetinp of ‘he Scierntific
Cammittee of the Irtervational whaling Commissicon. Faper 3L0/37/F

"D desorisntion of a tracking alcorithm and its BDDII_ntlﬁn to bowhead whale
acoustic 10c§t10n data ccllected during the spring.mipration rnear Faint  Barrow,

Rlaska .959_84. iith Sorritaz; ReM., Ciark, C.W., Corbitt; D.R., and Krooman,
. D.. Proceed*n:s of the 1385 meeting of the Sciertific Committee of the
International Whaling Commission. ‘Faper SC/37/PS12. - e A

"Utilization |of Reoustic Location Data in Determining a Minimum Number of
Soring-Migrating Bowhead Whales Unaccounted for by the -Ice-Based Visual Cersus, ®
{with D. Ha, [J.E. Zeh,; C.W. Clark, B.D. Krogman, and R. Saormian), ~roceedings of
the 1585 Meeting of the Scientific Committes of fhe Internaticral Whaling

7 e ey =
Commission. Faper SC/37/FB15 . .

Marire ﬂ:ouspics

3 April 9

!



C. ROBERT EVANS
Wildlife Biologist, LGL Limited

EDUCATION .

1978

PROFESSIONAL

1985

B.Sc. Renewable Resources-Wildlife Management (Honours), McGill
University.

EXPERIENCE

Participated in photo-identification analyses of individual

- bowhead whales for LGL's studies of the reproductive.parameters
" of bowhead whales in the Canadian Beaufort Sea and of the

feeding ecology of Dbowhead whales in the eastern Alaskan
Beaufort Sea.

- Laboratory supervisor for a study of the use of predators as

1983-1985

1984

-sampling agents for Arctic cod (Boreogadus saida). Examined

patterns of otolith growth, regional and temporal variations in
age composition and individual growth of cod. Aged over 12,000

Arctic cod otoliths.

Conducted aerial surveys of bowhead whales and other marine
mammals, autumn 1985, for LGL studies of the distribution and
numbers of bowhead whales migrating through areas of hydrocarbon
exploration in the Alaskan Beaufort Sea.

Participated in the preparation of the final report on the
distribution of bowhead whales and industrial activity in the

Canadian Beaufort Sea, 1980-84, utilizing all available sources
of data.

Participated in the assessment of the importance of a remote bay
(Isabella Bay, eastern Baffin Island) to bowhead whales in 1983,
1984 and 1985. Duties included establishing and maintaining a
field camp, conducting horizontal and vertical tows to determine
distribution and abundance of zooplankton, profiling bathymetry
with the use of a theodolite and depth sounder, maintaining
watches from cliffs for marine mammals, theodolite tracking of

bowhead whales, and the analysis of data obtained during these
studies.

Conducted aerial surveys to determine the distribution and

numbers of bowhead whales and other marine mammals in 'the
Alaskan Beaufort Sea, autumn 1984.

Participated in the aerial survey component of a study of the
effects of icebreaker disturbance on arctic whales at the
Lancaster Sound ice edge.



C. Robert Evans ‘ s
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1983

1982

1980-81

1976

Integrated and analyzed several data sets on bowhead whale
distribution in relation to offshore industrial activities in the
anadian Beaufort Sea in 1983. Participated in the laboratory
analysis of benthos and zooplankton collected in the eastern high

arctice.

Integrated and analyzed many data sets on the distribution of
bowhead whales in the Beaufort Sea, for the years 1980-82 as they
related to offshore industrial activities.

[ i
Participated in the diet and morphometric analysis of high arctic
benthic  fishes. Participated in the laboratory analysis of

benthos and zooplankton collected in the eastern high arctic.

Participated in LGL's systematic aerial surveys'of gfay whales in

the Chirikof Basin during :July and, September, .and in aerial

surveys and photogrammetric ' studies of bowhead whales in the
Canadian Beaufort Sea. Participated in the analysis of bowhead
distributional data. -

Participated in LGL projects in the central an&' high arctic.
These included the following: : -

\ - aerial surveys of abundance, distribution and behaviour of

bowhead whales in the Beaufort Sea and Amundsen Gulf and
analysis of data, '

v
[ B D Y

4

whales summerlng in- the Canadian Beaufort Sea and Amundsen
Gulf . . S

.{ - analyzed data on the dlstribution and abumdance of white

‘ - analysis of feeding habits of .bearded, seals collected in
| the Canadian high arctic, .. . -_ -
~ aerial surveys of seabirds and marine mammals off the
Labrador coast, . ' .
' - aerial surveys for marlne mammals, especlally ‘white whales,
‘ in Ungava Bay, Hudson Strait and northern Hudson Bay,
analysis of dlstrlbutlon, and historical research for catch
‘ history,
- age/morphometric ,analysis to determine.,thev population
status of white whales. Ca
Conducted a field study for Hydro Quebec of -animal activity along
a hydro right-of-way. Participated in the comstruction and
reading of sand tracks, data compilation and analysis of
‘vegetation. Established and resided at field camp for 3.5 months.
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REPORTS AND PUBLICATIONS

1985 Bradstreet, M.S.W., K.J. Finley, A.D. Sekerak, W.B. Griffiths, C.R.
. Evans, M.F. Fabijan and H.E. Stallard. Aspects of the biology of
Arctic cod (Boreogadus saida) and its importance in arctic marine

food chains. Rep. by LGL Ltd., for Department of Fisheries and
Oceans, Winnipeg. 254 p. . o

-

1985 Richardson, W.J., R.A. Davis, C.R. Evans and P. > Norton.
Distribution of bowheads and industrial activity, 1980-84. P
255-306. 1In: W.J. Richardson (ed.), Behavior, disturbance responses
*- and distribution of bowhead whales Balaena mysticetus'iam the eastern
+ Beaufort Sea, 1980-84. Rep. by LGL Ecol. Res. Assoc., Inc., Bryan,
TX, for U.S. Minerals Management Service, Reston, VA. 306 p.

1984 - :: Finley, K.J. and C.R. Evans. First Canadian breeding record of the
A dovekie (Alle alle). Arctic 37:288-289. T e

1984 . Finley, K.J., C.R. Evans and R.A. Davis. Evaluation of the
importance of Isabella Bay, Baffin Island, as summer habitat for the
endangered bowhead whale. Progress report of 1984 studies. Rep. by

LGL Limited, King City, Ontario, for World Wildlife Fund (Canada),
Toronto, Ontario. 30 p.

1984. .. Richardson, W.J., P. Norton and C.R. Evans. Distribution ofbowheads
and industrial activity, 1983. p. 309-361. In: W.J. Richardson
(ed.), Behavior, disturbance responses and distribution of bowhead
whales ‘Balaena mysticetus in the eastern Beaufort Sea, 1983. Rep.

"from LGL Ecol. Res. Assoc., Ince., Bryan, TX, for U.S. Minerals
Management Service, Reston, VA. 361 p.

1983 - Finley, K.J. and ‘C.R. Evans. Summer diet of the bearded seal

' -(Erignathus barbatus) in the Canadian high arctic. Arctic 36:
82—89.

1983 Finley, X.J., C.R. Evans and R.A. Davis. Evaluation of the

importance of Isabella Bay, Baffin Island, as summer habitat for the
: _ endangered bowhead whale. Rep. by LGL Ltd., Toromto, to World
* Wildlife Fund, Toronto. 72 p.

1983 Richardson, W.J., R.A. Davis, C.R. Evans and P. Norton Fraker.
Distribution of bowheads and industrial activity, 1980-82. pP.
269-357. In: W.J. Richardson (ed.), Behavior, disturbance responses
and distribution of bowhead whales Balaena mysticetus in the eastern
Beaufort Sea, 1982. Rep. by LGL Ecol. Res. Assoc., Inc., Bryan, TX,
. for U.S. Minerals Management Service, Reston, VA. 357 p.
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1982

1982

1982

Davis, R.A. and C.R. Evans. 1982. Of fshore distribution and
nhmbers of white whales in the. southeastern Beaufort Sea and
Amundsen Gulf, summer 198l. Rep. by LGL Limited, Toronto, to
Sghlo Alaska Petroleum . Company,- Anchorage, and Dome - Petroleum

L1m1ted Calgary. 76 p.

F1nley, KeJe, GeWe Miller, M. Allard, R.A. Davis;-and -CiR Evans.
The belugas (Delphinapterus leucas) of northern Quebec: distribu-
hon, abundance, stock identity; catch history and management.’
Can. Tech. Rep. Fish. Aquat. Sci. 1123:57 p.

L

DaViS > Rvo ’ W. R-o Ko-ski ,‘. “ia;Jo‘ RiéhardSO‘.rl, C.‘RO! . rE\}anS and W. G-

‘ - . 3 . . v
Alliston.. Distribution, numbers and productivity of the Western

Arctic stock of bowhead whales in, the eastern Beaufort Sea and
Amundsen Gulf, summer 1981. . Rep. by LGL Limited, Toronto, to
mee Petroleum Limited, Calgary, and to Sohio Alaska Petroleum
Company, Anchorage. - 135 p. e e

wt



MICHAEL S.W. BRADSTREET

Biologist, LGL Limited
EDUCATION
1975 Additional courses in biology, University of Alberta.

1972

B.Sc. Zoology, University of Toronto.

PROFESSIONAL EXPERIENCE

1985

1984

1984

1978-83

1977

1976

Senior investigator for a study of the use of predators as
sampling agents for Arctic cod. Examined patterns of otolith
growth, regional and temporal variations in age composition and
individual growth of cod, mortality patterns and feeding of Y-0-Y
cod., Designed a collection system that, if imstituted, would

permit an ongoing assessment of the llfe-hlstory parameters of
this important gadoid...

Senior inveStigator for a study of food availability to bowhead
whales along the Yukon coast. Field work involved collection of

physical and biological oceanographic information in areas where

bowheads were, and were not, feeding. Conducted aerial surveys of
bowhead whales and other marine mammals in the Alaskan and
Canadian Beaufort Sea.

Conducted aerial surveys of bowhead whales and other marine
mammals in the Alaskan Beaufort Sea, autumn 1984.

Evaluated wetland <classification and evaluation systems and

established criteria for assessment of fish and wildlife habitat
in Alberta by remote sensing.

Principal investigator for study of the feeding ecology of sea-
birds nesting at the Pribilof Islands, Alaska. Study undertaken

as part of monitoring program conducted by LGL Ecologlcal Research
Associates for U.S. Minerals Management Service.

On behalf of LGL, conducted studies of the feeding ecology of

arctic seabirds in NW Baffin Bay and east Labrador for Petro-
Canada.

Supervised and conducted LGL's avifaunal survey of St. Lawrence
Islands National Park for Parks Canada. Work included a
comprehensive review and synthesis of existing information and

examination of terrestrial breeding bird communities in relation
to habitat variables.

Conducted feeding ecology studies of northern seabirds in the
Lancaster Sound and Barrow Strait areas of the Canadian arctic.
Developed methods for estimating relative numbers, volumes, wet
weights, dry weights and energy values of organisms represented in
stomachs of arctic seabirds. This work was conducted by LGL for
Polar Gas Project and Norlands Petroleums Ltd.
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1975 %nvestigations for Polar Gas Project of the feeding ecology of
shorebirds and other marine-associated birds at <Creswell Bay,
Somerset Island, N.W.T.

1974-75 garticipated in LGL's investigations of the impacf of the proposed

' golar Gas Project on marine and terrestrial birds.-and marine
mammals of the high arctic. Conducted aerial’ surveys, analyzed
habitat variables, surveyed 1literature and analyzed survey
techniques. B o 3 . -

1973 #repared, with others; the Essex Region: Conservatiomn Report for

Fhe Ontario Ministry -of Natural Resources.  Responsible for
research and writing-of biology and forestry:sectioms. '
1972-73 Warden with the Long Point Bird Observatory, -Lake -Erie, Ontario.
Responsible for the research program. Conducted several
monitoring studies -of migrant and breeding birds -at- Long Point;
work involved collecting, <censusing .and banding. Conducted

detailed studies of the migration of shorebirds and gulls on Long
Point. ' S T o

REPORTS AND| PUBLICATIONS

. ! . . - . Cw .
Reports and papers concerning the distribution, habitat use and feeding

ecology of northern birds and mammals, and aspects of the natural history of
Long Point.,

Reports ’ N

1985

Bradstreet, M.S.W., K.J. Finley, A.D. Sekerak, W.B. Griffiths,
C.R. Evans, M.F. Fabijan -and H.E. Stallard. -Aspects of the
biology of -Arctic cod (Boreogadus saida).and.-its importance in

arctic marine food chains. - Rep. by LGL Ltd., for Department of
|Fisheries ‘and Oceans,-Winnipeg. 254 p.- - o

1985 ‘Bradstreet, M.S.W. Food habits. p. 257-306. In:- S.R. Johnson
(ed.), Population estimation, productivity and food habits of
nesting seabirds at Cape Peirce and the Pribilof Islands, Bering

|Sea, Alaska. Final Rep. by LGL Ecol. Res. Assoc., Inc., for U.S.
‘Minerals Management Service, Anchorage, AK. - 330 p. -

1984 Green, J.E., W.R.,Koski, M.S.W. Bradstreet, T.R. Eccles and J.A.

Taylor. Wetlands habitat classification and evaluation: criteria
for assessment of fish and wildlife habitat ‘in-Alberta. Rep. by
LGL Ltd. for Alberta Environment. - 163 p. - -- :

1983 ‘Bradstreet, M.S.W. Feeding ecology of alcids near the Gannet
Islands, Labrador. Rep. by LGL Ltd. for Petro-Canada. 117 p.



"‘M.SW. Bradstreet

Page 3

1983
1980
1980

1980

1979 -

1978
1977
1977
1977

1976

1976

1975

Bradstreet, M.S.W. and K.J. Finley. Diet of ringed seals (Phoca
hispida) in the Canadian High Arctic. Rep. by LGL Ltd. for Petro-

Canada. 36 p.

Bradstreet, M.S.W. Studies mnear the Pond 1Inlet ice edge:
occurrence, habitat use, and behavior of seabirds, marine mammals,
and arctic cod. Rep. by LGL Ltd. for Petro-Canada. 38 p.

Bradstreet, M.S.W. and W.E. Cross. Studies near the Pond Inlet

ice edge: trophic relationships. Rep. by LGL Ltd. for Petro-
Canada. 41 p.

McCracken, J.D., M.S.W. Bradstreet and G.L. Holroyd. The breeding
birds of Long Point, Lake Erie. Rep. by Long Point Bird
Observatory for Canadian Wildlife Service. 247 p.

- Bradstreet, M.S.W. Feeding ecology of seabirds in northwest

Baffin Bay, 1978. Rep. by LGL Ltd. for Petro-~Canada. 65 p.

Bradstreet, M.S.W. and J.D. McCracken. Avifaunal survey of St.

Lawrence Islands National Park. Rep. by LGL Ltd. for Parks
Canada. 343 p.

Bradstreet, M.S.W. The biological environment of Long Point, Lake

Erie: an overview. Rep. for Nature Conservancy of Canada. 159
P

Bradstreet, M.S.W. Feeding ecology of seabirds along the fast-ice
edges in Wellington Channel and Resolute Passage, N.W.T. Rep. by
LGL Ltd. for Polar Gas Project. 149 p.

- Bradstreet, M.S.W. and K.J. Finley. Distribution of birds and

marine mammals along fast-ice edges in Barrow Strait, N.W.T.
Rep. by LGL Ltd. for Polar Gas Project. 315 p.. .

Alliston, W.G., M.S.W. Bradstfeet, M.A. McLlaren, R.A. Davis and
W.J. Richardson. Numbers an distribution of birds in the central

District of Franklin, N.W.T. June-August 1975. Rep. by LGL Ltd.
for Polar Gas Project. 583 p.

Bradstreet, M.S.W. Summer feeding ecology of seabirds in eastern
Lancaster Sound, 1976. Rep. by LGL Ltd. for Norlands Petroleums

Ltd. 187 P

. Davis, R.A., K.v Finley, M. Bradstreet, C. Holdsworth and M.

McLaren. Studies of the numbers and distribution of birds and
mammals in the central Canadian arctic--1974: a supplement. Rep.
by LGL Ltd. for Polar Gas Project. 205 p.
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1974

Da&is, R.A., M. Bradstreet, C. Holdsworth, M. Mclaren and W.J.
Richardson.. Studies of the numbers and distribution of birds in

tqe central Canadian arctic--1974: a preliminary report. Rep. by
LGL Ltd. for Polar Gas Project. 238 p. -

Publications

1985

1982

1982

1982

1981

1981

1980

1980

1979

1978

1977

. - P

Bladstreet, M.S.W. and R.G.B. Brown.' Feeding ecology of the

Atlantic alcidae. p. 263-318. In: D.N. Nettleship. and T.R.

Birhead (eds.), The Atlantic alcidae. Academic Press, London.

539 p. : -

BLadstreet, M.S.W. Pelagic feeding ecology of dovekies, Alle

alle, in Lancaster. Sound and western . Baffin " Bay. Arctic

35:26=140. <o i
Bradstreet, M.S.W. -churreﬁce, habitat , use, and~ behavior of

ﬁeabirds, marine mammals and arctic cod” at the Pond Inlet. ice

edge. Arctic 35:28-40. '

%radstreet, M.S.W. and W.E. Cross. ' Trophic relationships at high
arctic ice edges. Arctic 35:1-12. ’

McCracken,ﬂJ.D.,lM.S.W. Bradstreet aﬁd G.L. Hoquyd. The breeding

Eirds of Long Point, Lake Erie.. Can. Wildl. Serv. Rep. Ser. No.
4e 72 po ‘

|

?arsons, Je, M. Bradstreet"and\‘G. ‘McKéa:ing (ed.).  Seasons:
§pecial issue on Long Point. Federation of Ontario” Naturalists,

Bradstreet, M.S.W. Thick-billed murres and black gulllemots in
the Barrow Strait area, N.W.T. during spring: diets and £food
’availability along ice edges. Can. J. Zool. 58:2120-2140.

‘Renaud, W.E. and M.S.W. Bradstreet. Late winter distribution of

iblack guillemots in northern Baffin Bay and the Canadian high
arctic. Can.Field-Nat. 94:421-425.

.Bradstreet, M.S.W. Thick-billed murres and black guillemots in
}the Barrow Strait area, N.W.T., during spring:- distribution and
‘habitat use. Can. J. Zool. 57:1789-1802. .

iBradstreet,_ M.S.W. The pelagic,' summer, feeding ecology of
northern fulmars in Lancaster Sound (Abstract). Ibis 120:124.

Bradstreet, M.S.W., G.W. Page and W.G. Johnston. Shorebirds at
{Long'Point, Lake Erie, 1966-1971: seasonal occurrence, habitat

preference, and variation in abundance. Can. Field-Nat. 91:225-
‘ 236.



M.S.W.
Page 5

Bradstreet

1975.

1975

1970

1969

1969

1969

1968

1968

Reid, R.A., M.S.W. Bradstreet, W.L. Bryan, S. Scott, L.E. Clay,
W.A. Mungall and TI.D. Robertson. Essex Region Conservation
Report. Ontario Ministry of Natural Resources. 123 + 14 p.

Weseloh, D.V., ReB. Sutherland and M.S.W. Bradstreet. Movements
of ring-billed gulls in the lower Great Lakes. In: E.H. Dunn
(ed.). Long Point Bird Observatory 1973 Annual Report. 29 p.

Bradstreet, M.S.W. and G.L. Holroyd, eds. Long Point Bird
Observatory: ten-year report, 1960-69. 66 p.

Bradstreet, M.S.W. Consecutive nesting of female tree swallows at
Long Point, Ontario. Ontario Bird Banding 5:68-71.

Hussell, D.J., R.W. Stamp, P.S. Woodford, J. Bradshaw, M.S.W.

Bradstreet and W.A. Martin. Long Point Bird Observatory: 1967
report. Ontario Bird Banding 5:7-49.

Hussell, D.J.T., R.W. Stamp, P.S. Woodford, M.S.W. Bradstreet, G.

Page and A. Salvaderi. Long Point Bird Observatory: 1968 report.
Ontario Bird Banding 5:81-121. ' -

Page, G. and M. Bradstreet. Size and composition of a fall

population of least and semipalmated sandpipers at Long Point,
Ontario. Ontario Bird Banding 4:50-81.

Whittam, R., M. Bradstreet and G. Fairfield. Breeding bird

census: Sand dunes with scattered cottonwoods. Audubon Field
Notes 22:721-722.



GARY W. MILLER
Wildlife Biologist, LGL Limited

EDUCATION

1975

B.Sc. Zoology, University of Michigan. e

|
PROFESSIONAL EXPERIENCE

1985

1984

1983-84

1983

Participated in LGL's study of the importance of the eastern
Alaskan Beaufort Sea to feeding bowhead whales: responsible for
obtaining and analysing vertical aerial photographs of bowhead
wﬂales, aerial surveys of bowhead numbers and’' distribution, and
underwater recording of bowhead and industrial sounds.
Participated in LGL's aerial photography study of the
reproductive parameters of bowhead whales in the Canadian
Beaufort Sea. Duties included aerial surveys 'to determine
bowhead distribution and abundance, aerial photography and photo-
1?ent1ficatlon of individual bowhead whales.

Biologist in charge of ship-based'marine mammal studies on the

North Aleutian Shelf as part of LGL's process "study” for U.S.
NOAA.

Conducted aerial surveys "to-document reactions of narwhals and
belugas to icebreaker traffic at Lancaster:Sound ice edge.

Participated in LGL's aerial photography study of bowhead whales
in the Canadian Beaufort Sea; responsible for "analysis of
photographs to determine individual identifications.

PLrt1c1pated in LGL's aerial surveys of bowheads im the Alaskan
Beaufort Sea for Shell Western and Amoco. :

Participated in boat-based study of bowhead whale behaviour in
ﬂelation to industrial activity in the Beaufort Sea. Work
included behavioural observations, underwater recording of
ﬂowhead and industrial sounds, and underwater playback of
industrial sounds. ‘ ' T

ﬁarticipated in an ice-based study of the reactioms of belugas
and narwhals to icebreakers in the high arctic (Lancaster
Sound). The work was from a remote camp on an ice-edge over deep
ﬁater, and involved underwater recording of whale and :icebreaker
sounds, behavioural observations from the ice, and aerial
surveys. ‘

%nalysed and reported on data from shipboard and aerial wildlife

surveys conducted durlng seismic exploration in west-central
Hudson Bay. )
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1982

1981

1980

1979

1975-77

1974

Conducted aerial surveys of gray whales summering in the Bering
Sea, and wrote the project report.

Participated in LGL's systematic aerial surveys and photographic
studies of bowhead whales in the Canadian Beaufort Sea.
Conducted a 1literature review and analysis of the status of
ringed seals in the Baffin Bay region. ©Participated in aerial

surveys of marine mammal populations wintering off the west coast
of Greenland.

Designed a wildlife observation program for native observers on
board a seismic ship operating in Hudson Bay.

Analysed and reported on the kill distribution, age structure and
reproductive status of 1500 ringed seal speciméns taken by Inuit
hunters in the northeast Baffin Island region. Participated in
field investigations of the distribution and numbers of summering
bowheads in the Beaufort Sea.

Participated in an investigation, in cooperation with the Inuit
of northern Quebec, on the status of beluga populations
inhabiting the east coast of Hudson Bay and Ungava Bay.
Accompanied hunters in order to obtain morphometric data and
biological specimens for hunter-killed belugas and conducted

-aerial surveys and migration watches. Analysed harvest

statistics collected from hunters in the northeast Baffin Island
region.

Monitored the narwhal hunt in Pond Inlet, working with hunters to
assess the effectiveness of harpoon guns as a possible means of
reducing hunting losses. Collected biological samples and

- morphometric data from hunter-killed narwhals. Participated in

morphometric and biochemical comparison of samples from offshore
and nearshore populations of ringed seals in the Baffin Bay
region. Conducted watches to observe the timing and numbers of
narwhals and bowheads migrating past a promontory on Baffin
Island.

Participated in LGL studies measuring the toxicity of oil to
marine organisms in Frobisher Bay, N.W.T.

Participated in LGL analysis of stomach contents of fulmars.

Warden at Long Point Bird Observatory. Conducted studies of bird
migrations and breeding bird populations in southern Ontario.

Conducted studies of breeding bird populations at Long Point for

‘Long Point Bird Observatory.
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REPORTS AND PiUBLICATIONS ' -

Reports and

In prep.

In prep.

1986

1986

1984

1984

1984

ublications concerning:

- harvest techniques _
- age structure and reproductive status:
- diet analysis

T
Marine mammals -~ numbers and distribution
i

Birds - population status and breeding success of
‘ endangered species . - .. .« . .3 :
.= diet .analysis - ‘

ﬁiller, G.W. and K.J.. Finley. .~ Kill- distribution; age and
Feproductive status . of ringed seals (Phoca hispida) taken by
Inuit hunters in the Canadian high arctic. Rep. by LGL Limited,
to Eastern Arctic Marine Env1ronmental Studles Program, Petro—
?anada, Calgary. : - ,

ﬁiller, G.W. Age structure and reproductive status of harp seals
harvested in Pond Inlet and Grise Fiord, N.W.T. - '

Davis, R.A., W.R. Koski and G.W. Miller. Experimental use of
aerial photogrammetry to assess the long-term responses of
bowhead whales to offshore industrial activities in the Canadian
Beaufort Sea. . Rep. by LGL Limited, King City, to Canada Dept.

Indian and Northern Affairs, Ottawa. 155 p.

Richardson, W.J., B. Wursig, G. Miller and G. ‘Silber. Bowhead
élstrlbutlon, numbers and activities. p. 159-237. - In: W.J.
glchardson (ed.), Importance of the eastern Alaskan Beaufort Sea
to feeding bowhead whales, 1985. . Rep.. by LGL Ecol. Res. Assoc., -

Inc., Bryan, TX, for U.S. Minerals Management Service, Reston,
VA. 294 p. . S

Miller, G.W. and R.A. Davis. Distribution and movements of
narwhals and beluga whales in response ‘to ship traffic at the
Lancaster Sound ice edge - 1984. Rep. by LGL Limited, King City,
Ontario, for Canada Dept. -of Indian Affairs and Northern
Pevelopment, Ottawa. 34 p. '

Miller, G.W. Shipboard and aerial wildlife observations during
seismic exploration in Hudson Bay, 1983. . Rep. by LGL Limited, to
Canadian Occidental Petroleum Ltd., Calgary. 62 p.

Miller, G.W. Distribution and abundance of. gray whales
kEschrichtius robustus) in the Chirikof Basin, summer 1982. p.
75-108. 1In: D.H. Thomson (ed.), Feeding ecology of gray whales
(Eschrichtius robustus) in the Chirikof Basin, summer 1982.
Rep. for Nat. Oceanic & Atmos. Admin., Juneau, AK.
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1984 Finley, K.J., G.W. Miller, R.A. Davis and C.R. Greene. Responses of < -
narwhals (Monodon monoceros) and belugas, (Delphinapterus leucas) to
ice-breaking ships in Lancaster Sound - 1983. Rep. by LGL Limited,

King City, Ontario, to Canada Dept. Indian Affairs and Northern
Development, Ottawa. 118 p. -

1983 Finley, K.J., G.W. Miller, R.A. Davis and W.R. Koski. A distinctive

large breeding population of ringed seals (Phoca hispida) inhabiting
‘the Baffin Bay pack ice. Arctic 36:162-173.

1983 Davis, R.A., W.R. Koski and G.W. Miller. Preliminary assessment of
the length-frequency distribution and gross annual reproductive rate
of the western arctic bowhead whale as determined with low-level
aerial photography, with comments on life history. - Rep. by LGL
Limited to National Marine Mammal Laboratory, Seattle, Wash. 84 p.

1983 - Miller,’G.W. and M.A. McLaren. Late summer wildlife observations in

offshore Hudson Bay, 1982. Rep. by LGL Limited to Canadian
Occidental Petroleum, Calgary. 67 p.

1982 Miller, G.W., R.A. Davis and K.J. Finley. Ringed seals in the
-Baffin Bay region: habitat use, population dynamics and harvest
levels, Rep. by LGL Limited to Arctic Pilot Project, Calgary. 93
po.'

1982 .  Finley, K.J., G.W. Miller, M. Allard, R.A. Davis and C.R. Evans.
The belugas - (Delphinapterus leucas) of northern Quebec:
distribution, abundance, stock identity, <catch Thistory and

- management. Canadian Technical Report of Fish. Aquat. Seci. 1123.-
57 p. o

1982 . Finley, K.J. and G.W. Miller. The 1979 hunt for narwhals (Monodon
' monoceros) and an examination of harpoon gun technology near Pond
Inlet, northern Baffin Island. Rep. int., Whal. Comm. 32:449-460.

1980 . Finley, K.J. and G.W. Miller. Wildlife harvest statistics from

Clyde River, Grise Fiord and Pond Inlet, 1979. Rep. by LGL Limited
to Eastern Arctic Marine Environmental Studies program,
Petro-Canada, Calgary. 37 p.

1977 ~ Bradstreet, M.S.W. and G.W. Miller.- TFood sample analysis of

northern fulmars from Prince Leopold Island, N.W.T. Rep. by LGL
Limited to the. Canadian Wildlife Service, Ottawa. 17 p.

1977 Miller, G.W. The current status and breeding performance of the
E piping plover on Long Point--a survey of an endangered species
., . populatiomn. Rep. by Long Point Bird Observatory for the Ontario

- Ministry of Natural Resources, Toronto. 28 p.
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1976

1974

[

Millef, G.W. The status of the piﬁing plover on Long Point--1976.
Rep. by Long Point Bird Observatory, Port Rowan, Ont. 3 p.

Miller, G.W. Thirty—-eighth breeding bird census. Tamarack-white

cedar slough. American Birds 28:1017-18.
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