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1. SUMVARY

The applied research discussed in detail in this report
suppl enents the work perforned during the 1983 sout hbound and
nort hbound mgrations of the gray whale, Eschrichtius robustus,

in the Monterey, California region. The objective of both phases
has been to determ ne the degree of behavioral response of
mgrating gray whales to acoustic stimuli associated with oil and
gas exploration and devel opnment activities. The results of that
earlier work were presented in Bolt Beranek and Newman |nc.

Report No. 5366* This conpanion docunent extends the 1983
research effort, adding to the statistical data base through
nmeasur enments of behavioral response of the January 1984 south-
bound gray whale population to the sanme acoustic stinmuli used in
1983 and to the operation of a single air gun. The pl ayback
sounds consisted of tape recordings of underwater acoustic
signatures of a drilling platform drillship, production plat-
form sem subnersible drilling rig and a helicopter overflight.
Analysis and interpretation of the resulting 1984 data both
support and strengthen the findings of the 1983 research effort.

This report, as well as the previously referenced report by
BBN on the sane subject of gray whale behavioral response to
acoustic stinuli, establishes that gray whales respond to
i ndustrial waterborne sounds depending on the characteristics of
the signal and the signal-to-background noise conditions. The
degree of response has been quantified in detail, varying in
| evel of statistical significance. W nust caution the reader
that the term “significant” as used here does not inply a
biologically significant effect on the population or a large or

*Malme, C.I., pR Mles, c.Ww. Cark, P. Tyack, and J. Bird
(Novenber 1983), “lInvestigations of the Potential Effects of
Underwat er Noi se From Petroleum Industry Activities on Mgrating
G ay Whale Behavior,” Final Report for the Period 7 June 1983 -
31 July 1983.
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violent reaction to a given stinmulus. Significance indicates
that a statistically neasurable change in behavior has been
denonst r at ed. | ndeed, the neasurable reactions usually consist
of rather subtle short term changes in speed and/or heading of

t he whal e(s) under observation. These changes often becone
evident only after careful conputer-aided statistical analysis of
the optical tracking data.

Behavi oral Observation Results

The main data collection and analysis effort of the study
centered on whale group track analysis. However, a concerted
effort was nmade to note whale group behaviors such as surface
activity, mlling, and breaching during control and experinental
conditions so that any potential relationship to industrial sound
exposure level could be determ ned. No significant differences
in the occurrences of any of these behaviors were observed when
conparing control and experinental conditions.

Track Analysis Results

A conputer-inplenented track analysis program was
established to analyze the theodolite data for any possible
changes in distance from shore, speed, linearity of track,
orientation toward the sound source, and course heading of the
whal e group. The results of this program were cunul ative track
frequency distributions which were statistically analyzed to
determ ne significant differences between experinental and
control conditions.

M grating whales were found to respond to the presence of a

noi se source by small course changes at sone distance from the
source. This “detection” reaction often occurred at ranges where
the estimated |l evel of the noise source was equal to the [|ocal
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anbi ent noise |evel. In the test area this corresponded to
ranges of 2 to 3 km The result of these small course changes,
as the whal es approached the sound source, was an increase in the
di stance between the whales and the source at the closest point
of approach. This *“avoidance” behavior resulted in a |ower sound
| evel exposure than would have occurred had the whal e naintained
the original course.

The distribution of distances between the source and the
mgrating whale tracks was statistically analyzed by conparing
the track density distributions under experinental conditions
with the track density distributions for the corresponding
control conditions. This procedure resulted in obtaining a
“probability of avoidance” distribution which showed the change
in track density near the source as a function of distance from
t he source. By converting the distribution of range values to a
di stribution of sound exposure |evels, using neasured sound
propagation characteristics for the test area, a set of sound
exposure characteristics were obtained which permtted prediction
of the probability that mgrating whales would avoid a region of
hi gh noi se |evel. These sound exposure characteristics thus are
specific for the industrial noise sources used in the experinents
but are not site-specific. thus, if the expected range of sound
exposure levels can be predicted for a proposed drilling site,
the potential inpact zone for mgrating gray whales can be
estimated.

Probability of Avoidance Levels

The probability of avoidance analysis procedure showed that
avoi dance behavi or began at sound exposure |evels of around 110
dB (re 1lwPa) for the playback signals and was greater than 80%
for regions with signal |evels higher than 130 dB. Somre vari a-
tion anong the various playback stimuli was observed with the

1-3
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drillship producing the greatest avoidance and the production
platform the |owest, for levels between 110 and 125 d4dB. However,
for levels between 125 and 130 dB, the reactions to all playback
signal s were conparable. For the 100 cu. in. air gun, the

t hreshol d of avoidance behavior was 164 dB (effective pul se
pressure re luyPa). Levels of 180 dB were observed to produce
nearly conplete avoidance of the area. The air gun pul se rate
was 6/ rein.

Ef fecti ve Range of Qperating Sources

An estimate of the effective range of the original noise
sources (from which the tape recorded signals were obtained) was
made by assuming operation in the test area. The effective range
for a 50% probability of avoidance for nost of the playback
sources was estimated as less than 100 m The effective range
for the drillship was estimated as 1.1 km and for the air gun,
400 m Based on data obtained previously* for a 4000 cu. in.
seismc array, the effective range for broadside sound exposure
geonetry is 2.5 km These effective ranges are based on sound
propagation in the test area off Soberanes Point, California.
Application of these estimates to other areas should not be nade
wi thout following the procedures discussed in this report.

Seismc Exploration Hi story

A conpilation of the history of marine seismc exploration
in the California region was performed with the objective of
determ ning whether or not such industrial activity coincided
with the presence of whales and has inpacted gray whale mgration
habits in that area. A detailed discussion of the results of
that effort, together with a sunmary of gray whale mgration

*BBN Report 5366, Section 8.

1-4



Report No. 5586 Bolt Beranek and Newman I nc.

characteristics in California is given in Appendix A of this
report.

A questionnaire was distributed to 53 organi zations,
di scussions were held with the California State Lands Conm ssion
and a file search was perforned at the National Geophysical Data
Center. That effort resulted in a conpilation of data
representing 431,475 line mles of seismc surveys acconplished
in the 1964 to 1983 period. Approximately 50% of those surveys
were perforned during the California mgration season. An
estimated 99% of that work used “nonexplosive” techniques
enpl oyi ng such devices as air guns and sparkers. Expl osi ves,
such as dynamte, were used al nost exclusively between about 1945
when the marine seismc survey work commenced and the mid-
1960’ s. Very little seismc survey summary information was
received for that early period.

The degree of detail of survey dates and |ocations of survey
activity provided by respondents to the inquiry was insufficient
to permt a rigorous statistical treatnment of survey activity and
gray whale census data. A conparison of the growh in gray whale
popul ation, detailed by Reilly (1981) and others with the rate of
increase in survey activity seens to indicate that no long-term
relationship is evident between population size and seisnmc
survey activity.

Most census work, including shore nonitoring and aerial
reconnai ssance indicates that over 90% of the mgrating gray
whal e population travels within three nautical mles from shore
except when traveling across nouths of enbaynents or running
from point-to-point or cape-to-cape. This has been a consistent
pattern since early records were kept in the md-1800’s. Ther e
is not quantitative evidence that the whales either have or are
changing their mgration corridors to deep ocean areas to avoid

1-5
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seismc survey activity. Marine seismc surveys are now noving
further offshore onto the outer continental shelf (OCS). As
shown in the body of this report and in the previous BBN report
on the sane subject (BBN Report No. 5366), observed short-term
behavi oral response of mgrating gray whales to seismc survey
sounds occurs for distances, between the seismc system and

whal es, which are shorter than 5 km or 2.7 nautical mles. Most
OCS seismc work is now occurring at distances exceeding 6 nm
from shore. Therefore, it appears that even short-term

behavi oral response to present and future seismc survey activity
will be mninmal.

Al so, a specific task requiring sea otter (Enhydra lutris
nerei s) behavioral observations during the acoustic stinulus
experinments was perforned. The report of that work is contained
in Appendi x D. It was denonstrated that the behavior density and
distribution of sea otters were not influenced by the underwater
pl ayback of industrial sounds or by the air gun experinents.
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2. BACKGROUND

This report presents the procedures and results of research
applied by Bolt Beranek and Newran Inc. (BBN) and its whale
behavi oral consultant staff to a study of gray whale (Eschrichtius

robustus) behavioral response to various underwater acoustic
stinmuli associated with oil and gas exploration and devel opnent.
The work perfornmed under Minerals Managenent Service Contract No.
14-12- 0001- 29033 represents a continuation of simlar field
measurenments, data analysis, and interpretation performed in
January, April and May 1983 and reported previously in BBN Report
No. 5366.* The purpose of the additional research was to devel op
a larger statistical data base than previously acquired regarding
gray whal e behavioral response to acoustic stinuli. Duri ng
January 1983, playback of taped sounds was perforned in the
presence of southbound mgrating gray whales near Mbonterey,

Cal i forni a. In April and early May of 1983, while sone limted
pl ayback work was perforned, the research concentrated upon
determnation of gray whale response to air gun array and single
air gun inpul sive sounds. That effort was applied to the

not her/calf pair portion of the northbound mgration of gray
whales . Therefore, it was felt that additional data regarding
gray whale response to air gun sounds should be perfornmed in
association wth the general southbound 1984 popul ation.

Pl ayback experinents were also perfornmed during the sane January
1984 mgration period.

In preparation for continuation of the field neasurenents it
was necessary to apply for extension of the permts obtained from

*C,I. Malme, PR Mles, C.Ww. dark, P. Tyack, J. Bird, _
“Investigations of the Potential Effects of Underwater Noise

from Petroleum Industry Activities on Mgrating Gay Wale
Behavior,” BBN Report No. 5366, Novenber 1983.
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National Marine Fisheries Service (NMFS) and the U S. Fish and
Wldlife Service (USFWS) to perform research which could inpact
endangered species (gray whale and sea otter, respectively)

NVFS Permt #400 was extended to allow for the additiona
acoustic stimulus research in association with mgrating gray
whal es. USFWS Permit #PRT 2-9740 was extended as well since the
gray .whale reserch was to be perforned in an area which is

i nhabited by sea otters.

In the previous research effort in 1983, a team of sea otter
observers was stationed on shore to determne the degree of
response of the sea otter population to the acoustic stimuli used
during the gray whale research. The results of that first year
effort denonstrated that there were no observable sea otter
behavi oral responses to the playbacks and air gun sounds. As a
result of that work, a single sea otter observer (Dr. Marianne
Ri edman) was stationed on shore during the January 1984
experinments. ‘Her report covering that work is contained in

Appendi x D

Included in the extension of the applied research outlined
above was a request by MVB for BBN to develop a history of marine
seism c survey operations off the coast of California and to
relate that history to the observed mgration history of the gray
whale in California waters. The results of that work are

detailed in Appendix A
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3. EXPERI MENTAL PROCEDURE

3.1 COveral

The field work was perforned in the same area as in 1983,
utilizing two shore-based observation teans (four observers per
site) located at the sane sites occupied in January 1983, a sound
pl ayback and acoustic nonitor research vessel and an air gun
vessel . Figures 3.1 and 3.2 outline the positioning of shore
sites and research vessels. In Fig. 3.1, the R.vV. VARUA was
stationed at S1 during the air gun tests and at S2 during
pl ayback of sounds associated with oil and gas devel opnent
activities. The nearby l|ocations of the air gun vessel, M.V,
CHEYENNE ARROW are also noted, |ocated about 4 km 2 km and 0.5
km trom position S1. The mgration corridor of the southbound
gray whal es was expected to be centered at about 1.5 to 2 km from
shore or near positions S1 and S2. At the conclusion of the air
gun experinments, the air gun vessel headed along the dashed track
(1/11/84) with the air gun operating, providing an opportunity
for obtaining acoustic propagation |oss data associated with the
nmeasurenment site. Figure 3.2 provides another chart of the air
gun vessel tracks on a larger scale to include an 8 mle (15 km
traverse of the air jun sound source. Experience from the 1983
series of experinents denonstrated that it was not necessary to
operate the single air gun at larger distances from the expected
| ocation of mgrating whales.

The acoustic field procedures used were the same as those
used in 1983. The single air gun (a 100 cu. in. unit operated at
4500 psi) was pul sed every 10 seconds during the various tests.
The taped playback signatures consisted of:
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« Drilling Platform (HOLLY) (DP)
.Drillship (EXPLORER) (DS)
.Production Platform (SPARK) (PP)
Hel i copter Overflight (Bell #212) (H)
Sem subnersible Drill R g (OCEAN VI CTORY) (SS)

The same tapes used in 1983, and obtained from Naval Ocean
Systens Center and Pol ar Research Laboratories through MVB, were
uséd in this series of tests. During 1983, sounds from killer
whal es (Orcinus orca) were also used during the playback tests.
That natural sound playback was not used in 1984 since sufficient
data were acquired during the earlier tests.

The shore-based observers operated blind to the extent that
they did not know either the timng of playbacks or the playback
si gnature bei ng used. No- pl ayback periods were interleaved wth
pl ayback periods and several days of control observations both
with and wi thout research vessels present provided whale
behavi oral data during normal anbient noise conditions.

Measurenent of the natural uncontrolled background noise
environment of the mgrating gray whales was al so obtained for
various periods throughout each day to develop information
regarding the statistical variability of the anbient noise.
Major contributions to the anbient noise were determned to be
surf and wave noise, sounds from shrinp and sea lions, and ship
traffic offshore.

The shore crews obtained continuous theodolite track
information on whale groups as they passed through the neasure-
ment area, |ogged behavioral information such as aerial activity,
mlling and social activity, and obtained regular theodolite
position information on the positions of the research vessels.



Report No. 5586 Bolt Beranek and Newmran | nc.

3.2 Behavior Monitoring

The basic objective of the research was to determ ne the
potential influence of underwater industrial noise associated
with of fshore oil and gas exploration ana devel opnent on the
behavi or of mgrating gray whales. The experinental procedure
established a controlled noise field in the test area and
conduct ed behavi oral observations of whales mgrating through the
test area. The goal of the field work was to obtain behaviora
response data which would then be related to quantified sound
exposure levels. The determ nation of response to industria
noi se depended on conpari sons between observations under nornma
(undi sturbed) and experinental (potentially disturbed) condi-
tions. Therefore, there were no differences in the behaviora
observation techniques or efforts enpl oyed during the normal and
experimental aspects of the project.

A set of behavioral assays were selected in order to assess
the level of response to any of the experinental sound exposures.
The behaviors that were sinultaneously nonitored were sw m ng
pattern, and the occurrence of any other visible surface
activities such as breaching, rolling, etc.

Behavi oral nonitoring was done sinultaneously with
theodolite tracking such that any observabl e behaviors were noted
along with time and position. GCbservations were nmade using
either the unaided eye, hand held binoculars (x8), dual Bausch
and Lonb spotting scopes (x15 and x22), or the theodolite
eyepi ece (x20). In a few cases behaviors coul d be associ at ed
with a specific individual within the group based on markings
that were specific to that group nmenber, for exanple, if there
were differences in the degree of nottling on the back or
di stinctive white spots on or near the dorsal ridge.
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3.2.1 Wal e position tracking

The nethod of using a theodolite to track whales froma
shore station was first devel oped by Roger Payne and has since
been used frequently to follow whal es and porpoises (e.g., Wursig,
1976, Clark and dark, 1980, Tyack, 1981). By this nethod, one
measures the horizontal angle fromthe whale to a fixed |andmark
for azimuth, and neasures the vertical angle of depression from
the horizon to the whale for derivation of range. Since the
altitudes of the transit stations used in this study were | ow
relative to the ranges of the whal es observed, precision of
measuring the vertical angle was critical. (See Appendix E for
theodolite tracki ng systemerror analysis.)

The nodel of theodolite used in this project was Topcon
Model DT-20. The theodolites had el ectronic digital angle
measurement with a visual nuneric readout. Angles were neasured
with a precision of at |east 20 seconds of arc. The actual pre-
cision of our localization of southbound whales is discussed in
Appendi x E.

As soon as a new group of whales was sighted fromthe North
transit station, it was given a unique group letter for the
day. Each time a whale within the group was | ocated by the
theodolite operator, a notetaker recorded the tine of the
observation! the group letter, the vertical and horizontal
bearings to the whale, group size and any displays observed.
observers also made an effort to count the nunber of whal es
within the group. Bearings indicating the positions of boats in
the study area were also noted. As a boat or group of whales
passed into the field of vision of another transit station,
observers at both stations would communicate group letters or
other identifiers for whales or boats by CB radio, and attenpt to
take sinultaneous sightings on them

3-6
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3.2.2 Track and position data analysis

Conversi on of Bearing Data

Al transit sightings of whales and boats were entered into
an Apple II* conputer using the editor for Apple Pascal or
directly into the BBN PDP-20 conputer. A separate file was nade
for each day’ s records from each transit station. Data from each
sighting were entered on one line per sighting for the follow ng
vari abl es:

TIME GROUP LETTER GROUP SIZE  VERTI CAL BEARI NG
HORI ZONTAL BEARING  BEHAVI OR

These data were then converted into position in rectangul ar
coordinates, in units of neters, with the Soberanes transit
station as the origin, with true North as the positive x axis and
West as the positive y axis. The transit bearings were converted
into rectangul ar coordinates using an iterative correction for
the curvature of the earth devel oped by J. Wolitzky (Wirsig,
1976). A correction for refraction of |ight was found to be
unnecessary for the ranges at which whales were typically
tracked, but the tidal excursion was |arge enough that the
altitude of the station was corrected for tidal fluctuations.

After the field season was over, the Apple 1I* files of
rectangul ar coordinates were transferred to BN System G a DEC
PDP-20 conputer using the program PTERM

3.2.3 Track data

Each point along the track of each whal e group was checked
after processing by a RATFOR program devel oped by R.W. Pyl e which
sorted entries into tracks of each group and |listed the apparent
speed between points. Al points with unrealistically high
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speeds were labelled not to be used in tracks unless they
represented al nost sinmultaneous sightings of different whales
wthin a group. The criterion for high speeds was dependent on
group size as follows:

Group Si ze Maxi mum Accept abl e Speed
1 18 km/hr
2 24 kni hr
3 30 km/hr
4 36 km hr

These maxi mum speed |imts assune worst case conditions of 100 m
error between two sightings and that any two individuals within a
group could be separated by as nmuch as 100 m al ong the x-axis.
There were few such points in typical tracks and nost were easily
determned to be isolated erroneous data.

No effort was nmade to select tracks that were strictly
linear, since track deflection was a critical response neasure.
A small percentage of groups yielded a series of points requiring
unreasonably high speeds to be fitted to a track, but in which it
was i npossible to determ ne unanbi guously which one or two points
were in error. These groups were not used in the track anal ysis.

If a group was sighted | ess than three times over an
interval of < 15 mn. or tracked over a distance of < 100 m, its
sightings were not used for tracks. In addition, if there was a
gap in sighting a group of > 20 min., the track was term nated
before the gap.
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3.2.4 Plots

Plots of selected tracks were nmade using DISSPLA software
and a Nicolet-Zeta 2300X plotter. The coastline of the study
area was digitizea using a Calcomp 9000 digitizing tablet; the
coastline and position of the playback stinulus source were
plotted along with the tracks of whal es.

3.2.5 Track deflection program

A track deflection program was devel oped by rR.w. Pyle and
P. Tyack. This programwas witten in RATFOR and run on the PDP-
20 conputer at B8BN. The program uses DISSPLA software to
generate plots of cunulative track density distributions.

3.2.6 other behaviors

At the same tine that the theodolite positions were being
recorded, other behaviors were noted. These included:
breachi ng, vertical flukes, fluke outs, underwater blow ng, head
ups, rolling, spyhopping, direction of novenent (other than
direction of mgration), mlling, groups joining, and groups
splitting (see Sec. 6.2 for further description).

Consi stent observations on the various behaviors were
difficult because the groups were 1 to 4 km off shore and there
were usually many groups in the area at any one tine. Br eachi ng,
direction of novenent, mlling, splitting, and joining and
general surface activity were relatively easy to observe but
noti ng specific surface active behaviors was often problematical.

3.3 Acoustic Instrunmentation, Measurenent, and Analysis
Procedur es

This section describes the instrunentation and procedures
used to obtain the required physical and acoustic data. The
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field nmeasurenents enpl oyed two types of sound sources during the
whal e behavi or observations, a broadband projector for playback
and a 100 cu. in. air gun. For the playback work, the goal was
to simulate as closely as possible the sound fields produced by a
representative range of offshore oil and gas industry activities.
This required the follow ng considerations:

- Provision for establishing a calibrated relationship
bet ween t he playback sound field and the sound field
exi sting around the actual industry activity being
si mul at ed.

Measur enent of the acoustic propagation conditions at the
pl ayback site.

Measur enent of the anbient noise |levels at the playback
site during the observation period.

Simlar considerations applied to the observations using the
air gun source in that acoustic propagation data and anbi ent
noi se data were required. The effective acoustic output |eve
and spectra of a 100 cu. in. air gun were nmeasured during the
April-May 1983 field period. The data obtained were used to
derive sound propagation and pul se pressure scaling relationships
for the observation area. Additional neasurenents were required
during the January 1984 field period to verify that the pre-
viously obtained data and the resulting sound pressure scaling
equati ons remained relevant. These equations would then permt
estimati on of the sound exposure for whales mgrating through the
observation area. Know edge of the sound source |evel of the air
gun (Lg) also pernits estimation of the sound levels that would
be produced for air gun operation in other areas, providing the
sound transm ssion-1oss characteristics (TL) for the area in

question are known.
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The instrumentation for the principal nmeasurenents was
installed on the VARUA, a 73-ft (93-ft OA) brigantine. Sonobuoy
neasurenents were al so made to obtain data from an extended
measurenent baseline. The air gun source was handl ed trom the
CHEYENNE ARROW a 140-ft cargo/supply vessel nornmally chartered
by the oil industry.

3.3.1 Acoustic environnental neasurenents

Navi gati on

The radar on the VARUA was used for determining the |ocation
of the vessel relative to the | ocal coastline. It was al so used
to determi ne ranges to the air gun vessel and ranges to passing
shi ps which were contributing to the |ocal anbient noise |evel.

An optical rangefinder was used tier range neasurenments under 400
m., Theodolite sightings from shore provided the final input data
to the whal e/ sound-source range conputation for the data

anal ysi s.

A recording fathoneter was used for determ ning the water
dept h during anchoring and sound neasurenent procedures.

Physi cal Measurenents

The variation of water tenperature and salinity with depth
was measured with a Beckman Mbdel Rs5-3 conductivity,
tenperature, and salinity probe. This instrunment provided a
salinity neasurenent based on the tenperature and conductivity
data. Measurements were made at selected depths down to 40 m
The neasured data were then used to calculate the sound velocity
profile.

Wave and swell height were estimted visually.
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Anbi ent Noi se Measurenents

A standard hydrophore system that conbined an ITC Type 6050C
hydrophore with a | ownoise preanplifier and tape-recorder was
used to obtain ambient noise data. The hydrophore sensitivity
and el ectrical noise-floor characteristics are shown in Fig. 3.3.
The acoustic noi se nmeasurenment system bl ock diagramis shown in
Fig. 3.4. Overall frequency response of the nmeasurenent system
was generally flat from20 Hz to 15 kHz. Al conponents of the
system were battery operated during anbi ent noi se nmeasurenent.
Cabl e fairings and a support float system were used to mninmze
strumm ng and surge noi se effects on the amnbi ent neasurenent

hydr ophor e.

Sonobucy Measurenents

An .AN/SSQ-57A sonobuoy was used to obtain sound |evel data
during a playback experiment. This buoy was rel eased fromthe
VARUA and allowed to drift with the al ong-shore tidal current.
The drift rate was estinmated based on observations at the VARUA
position and calibrated by correlation techniques during data
analysis. The rate at which the playback signal |evel decreased
with increasing range was then measured and conpared with the
predi cted val ues based on the previously derived sound
propagati on equation

An equalizer circuit was used to correct the | owfrequency
de-enphasi s of the sonobuoy as shown in Fig. 3.4. The resulting
recei ver channel response was flat within 1 48 from 10 Hz to 20
kHz with a sensitivity of -115 dB re |v]| uPa.

Transm ssion Loss Verification

The transm ssion | oss information obtained during the 1983
field season was checked by neasurenents using the air gun
sour ce. Data were obtained for several ranges extending from
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300 mto 15.5 km In addition, a transm ssion | oss neasurenent
run was nmade to determne transm ssion |oss along the mgration
route fromthe VARUA position to a position 7.4 km north - off
Pt. Lobos .

3.3.2 Acoustic playback procedure

Proj ector System

The acoustic pl ayback system was designed to provide sound
| evel s and frequency response capable of realistically simlating
t he designated range of petroleumindustry activities. I n order
to keep the systemw thin the required operational constraints, a
conprom se was necessary in the achievable | ow frequency response
of the projector system During the previous playback work, a
USN/USRD Type J-13 projector was used which provided usef ul
frequency response down to 50 Hz. Since many of the industria
noi se stimuli used in the playback study have significant noise
contributions below 50 Hz, an effort was nmade to inprove the | ow
frequency out put of the playback system by using two J-13
proj ectors.

Because of the required broad frequency range needed to
reproduce the industrial noise spectra, three sound projectors
wer e used. In addition to the two | ow frequency projectors, a
UsN/USRD Type F-40 projector was used to provide high frequency
sound above 2 kHz. Electrical equalization and cross-over
networks were used to enable all of the projectors to be driven
froma Cown 300-watt power anplifier. As a result of the use of
two | ow frequency projectors and the el ectronic equalization
network, the useful response of the systemwas nade to extend
from32 Hz to 20 kxHz. The playback systemand its response curve
are showmn in Fig. 3.5
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The three projectors were nounted in a support frane to
mai ntain correct acoustic alignnment of the radiating surfaces and
to facilitate handling. The assenbly simlar to that shown in
Fig. 3.6 of Report 5366 was |lowered to a depth of 15 m with the
cargo boom on the VARUA. A "wind vane” was al so nounted on the
projector assenbly to keep the J-13 projector pointed away trom
the current. This facilitated operation during high tida
current conditions by mnimzing drag forces on the projector
pi ston which could cause signal distortion.

A reference nonitor hydrophore (ITC Type 6050C) was nounted
at a distance of 6 mfromthe projector systemto maintain
calibration of the projected sound |evels.

During a playback sequence, a pre-recorded industrial noise
or control stimulus on a cassette tape was used to generate a
test signal. Two cassette recorders coupled to a fader contro
(previously shown in Fig. 3.5) permtted uninterrupted conti nuous
sound for as long as desired. Pl ayback periods of 2 to 2.5 hrs
were generally used.

Stimuli Projection and Nonitoring

The acoustic levels reported for the original sources of the
pl ayback stimuli varied over a wi de range. Playback at source
| evel s designed to reproduce the original signal |evels was not
feasible for some stinmuli because of the high acoustic power
required. For other stimuli, the original sound |levels were |ow
enough so that reproduction of the original level could result in
whal e behavi oral reaction in close proximty to the VARUA. The
presence of the VARUA woul d be a potential confounding factor in
interpreting the results for the lower level stinuli.

Thus, to provide a potential behavioral reaction zone at
some distance fromthe vArRua for all of the playback sequences,
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the output |evel of the projector systemwas set to provide a
source |level which was 55 to 6(.1 dB above the neasured anbient

noi se level in the dom nant bandw dth of the stimulus. An
effective range of 2 to 3 kmwas obtained to the zone where the
pl ayback | evel became approximately equal to the anbi ent noise
level in the dom nant band of the stimilus. This procedure pro-
duced an acoustic test zone where any behavioral reaction of the
m grating whal es woul d probably occur within visual range of the
observation stations but also at some distance fromthe VARUA

The sound | evel s used. were subsequently scaled to |evels
reported for the actual sources and range corrections were de-
rived by using the transm ssion loss characteristics measured at
the test site. This procedure is described in detail in Sec. 8.

Sel ection and Level Calibration

Fi ve petrol eum industry devel opnment and production noise
exanpl es were used for the playback stinmuli. Descriptive
information for these test exanples is contained in Table 3.1.

As shown in the table, the acoustic recording used for each
of the test stimuli was obtained at various ranges fromthe
respective source. Hence, to standardi ze the playback conparison
process, we corrected the reported acoustic level data to an
equi val ent 100 mrange fromthe source. Since the water depth
and sound propagation characteristics differed for the various
sources, we considered that correction to a 100 mrange
represented a smaller potential error than correction to the
usual 1 m range. I n each case neasured transnission | oss data
were used, if available, or the best estimate of transm ssion
| oss was used based on stated range and water depth values. In
deriving the appropriate conparison with the projected playback
level, a 100 m sound | evel estimate was al so used. Thus, we were
able to derive a scaling factor for the playback |evel which
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TABLE 3. 1. PLAYBACK STI MULI INFORMATION.

Origi nal Dominant Reported Est. 100 m Pl ayback Ditference
. Recording Dist. Frequenci es Level Level 100 m Level (PB-Oriy) Dsta
Stinulus (Code) Meters Hz dB// wPa dB// yPa dB// uPa dB Ref
Drilling Platform (HoLy) 30 5 (t) 119 109 Gal es
13 gst) 107 97 p. 66
80- 31 (sy) 99 89 125 36
DRI LLSHI P (bs) 185 278 (1) 123 126 122 -4 G eene
(EXPLORER 11) 50- 315 (bb) 133 136 127 -9 p, 322
Production Platform (PP) 9 20 (t) 134 118 93 25 Gal es
{SPARK) 63- 250 (st) 125 109 123 14 p. 64
Helicopter ( H) 152 20 (1) 114 118* 99 -19 Grecne
{Bell 212) (altitude) 32 (t) 99 103* 113 10 P. 311
50-200 (st) 99 103’ 116 13

Semisubmersible R g (SS) 12 28 (1) 129 111 105 -6 Gal es
(OCEAN VI CTORY) 63-250 (st) 119 101 123 22 P. 65
Key:
(t) tonal, (bb) broadband, (st) sumred tonals.
*rhese values are for a flyover at 100 m altitude. Estinate based on relationships devel oped for aircraft-underwater
sound transmission in deep water. In shallow water, |evels would be higher, depending on-the acoustic properties of
the bottom material. Val ues assume a receiver position near the surface. (Barger and Sachs)

*oN 3aodey
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allowed us to conpensate for |local transm ssion | 0SS character-
istics and for differences between acoustic levels fromthe
actual sources and the achievable levels fromthe playback

proj ector. Table 3.1 shows the differences in |evels between the
pl ayback stimuli and the reported values as corrected to an

equi val ent 100 m range. We W shed to operate at a relatively
constant signal-to-noise ratio (S/N) at the source to have a

uni f orm exposure region for all test stinmuli. Thus, as shown in
the table, the projected |evel was |ouder than the actual source
for some stimuli, and quieter than the actual source for others.

Table 3.1 lists the maxi num neasured |evels for the stinuli
when they were originally recorded. These sound |evels are based
on the reported data for the actual tape dubs used. The refer-
ence cited was used as the basis for establishing the original
sound field | evel because of the difficulty in recovering and
preserving a calibration chain through the dubbi ng and pl ayback
process. The original data were used to determ ne the dom nant
spect rum conponents of the original sound field and the frequency
region of the principal output. Because of the |ow frequency
[imtation of the J-13 projectors below 32 Hz, it was not
possible to reproduce the required levels for sources with very
| ow domi nant frequencies. In this case, the degree to which the
frequency response above 32 Hz matched the original source was
exam ned i ndependently by conparison of this part of the playback
spectrumwi th the conparable part of the reported original source
spectrum This is shown as the “summed tonal |evel” value in
Table 3.1.

The sound | evel output produced during playback is conpared
with the original sound source values in the last colum of the
table. The conpari son shows that, while | ow frequency conponents
are often appreciably reduced on playback, the conponents above
32 Hz are generally greater than their original levels. The
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exception to this is the drillship stinmulus where the achievable
| evel is pelow that of the actual source at all frequencies. The
procedure for scaling |evel differences between playback and
actual sources will be discussed in Sec. 8 using the nmeasured TL
and anbi ent noi se data for the observation site.

Pl ayback Schedul e Consi derati ons

The pl ayback schedul e which was designed tor the five sound
stinmuli in the repertoire involved require-nerits to:

Maxi mi ze the nunber of different sequences presentea each
day in order to obtain a sufficient data base for each
type of sound and in order to average out fluctuations in
environmental conditions that could potentially influence
behavi or of the whales.

Provide a sufficiently | ong exposure period for each
sequence so that‘a | arge nunber of whales swinmng at 6
to 9 km/hr woul d traverse a pre-exposure zone, a test
zone , and a recovery zone within visual range of the
observation sites.

Provi de a no-pl ayback interval between test sequences to
m nimze the nunber of ‘whales exposed to two different
types of test stimuli.

Provi ae a no-pl ayback control period at |east as |long as
t he playback for each bl ock of playback stimuli and, in
addition, provide at |east one full day of control wth
t he vARUA present without playback.

The schedul e was organi zed into three 2 to 2.5 hr pl ayback
peri ods separated by 0.5 hr quiet periods. This permtted 2 to 3

pl ayback sequences per day dependi ng on whether or not a no-
pl ayback control sequence was included (see Table 4.3 in Sec. 4)
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Al'l of the tests were perfornmed using a double-blind nethod
in which observers knew not hing of the playback schedul e and
pl ayback personnel did not know of potential whale responses.
Three bl ocks of five stimuli each were conpleted in an 8-day
peri od which included a boat present control day and a boat
absent weather day. The stimuli schedule within each bl ock was
designed to keep the nunber of presentations as bal anced as
possi ble at any given tinme in case the weather precluded any
further work.

3.3.3 Air gun source nmeasurenents

Three days of observations were nade with an air gun source
vessel present. The purpose of these observations was to deter-
m ne the sound | evels for which behavioral changes may occur for
whal es in the southbound migration. The data obtained would be
conpared to that obtained for the nother-calf phase of the north-
bound m gration during April-My 1983.

The results obtained during the 1983 neasurenents showed
t hat behavi oral changes were not observed at ranges greater than
1to 2 kmfor nother-calf pairs. Thus, a prelimnary set of
measurenments were scheduled for the southbound m gration where
the air gun range would be gradually decreased from8 mles (15.5
km to a position near the center of the mgration zone. Follow-
ing this test, two days of observations were nade with the air
gun vessel anchored near the VARUA. These tests provided
nmeasur ement geonetry very simlar to that used for the playback
observations and permtted use of the same statistical testing
procedures for both playback and air gun data.
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3.4 Statistical Analysis Procedures

This section sunmarizes the procedures used to study the
swi mm ng behavi or of the whal es under control and acoustic
experi.nental conditions.

3.4.1 Analysis procedure for track data

The track defl ection program devel oped for |ast year’s
analysis was used again in this year’s analysis of the track
data. Since this programis the principle tool for statistica
analysis of the experinmental results, we will review it briefly
here .

The primary notivation in the analysis schenme is to conpare
swimrm ng patterns during a variety of acoustic experinental
conditions with patterns observed during control conditions. To
this end ‘we first devised a two-dinmensional caretsian coordinate
systemwith its origin at the average playback position of the
VARUA (the sound source) and its x-axis a line parallel to the
linear regression of the coastline inthe observation area. A
series of grid lines projecting perpendicular to the x-axis were
then established at 4.0, 3.0, 2.0, 1.0, 0.5, 9.0, -0.5, -1.0,
-2.0, -3.0, and -4.0 kmfromthe VARUA (see Fig. 3.6).

For each whale group that crosses one of these grid lines,
the track deflection program cal cul ates the group’ s distance from
the x-axis (D) and its distance offshore (Dg). ror each whale
group that crosses an adjacent pair of grid lines (referred to as
a grid interval), the programcalcul ates the group’s cunul ative
speed (s) (total distance travelled between grids divided by
time), mlling index (MI), course bearing (CB), and vARUaA bearing
(vB). Cunulative frequency distributions for all six of these
measures are then described by pooling the data for all tracks
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observed under the same condition. Typical distribution plots
are shown in Fig. 3.7 and in Appendi x B.

The net result is that a set of cunulative frequency
distributions are calculated for Dand Ds at each grid line and
for S, M, CB, and VB at each adjacent pair of grid |ines. Dat a
gat hered under simlar conditions (e.g. , bLrillship pl ayback) are
then tested for honbgeneity by conparing every possible pair of
distributions within the sane type of track neasure. For
exanple, the D, distribution at the 4.0 kmgrid is conpared to
the D, distributions at the 3.0, 2.0, 1.0, 0.5, 0.0, -0.5, -1.0,
-2.0, -3.0, -4.0 grids. Conparisons of D, Ds, S, and MI
distributions are nade by testing the significance of the nmaxi num
di fference between pairs of distributions (Kolmogorov-Smirnov two
sanple test) or the sumof the squared differences between pairs
of distributions (Cramer-von Mises two sanple test). Conpari sons
of CB distributions are nade by testing the significance of the
sum of the squared differences between pairs of distributions
(Watson Utest). Conpari sons between VB distributions for
different grid intervals are neaningless since the angle to the
VARUA is always different for any pair of grid intervals. The
results of these testing procedures indicate whether there are
significant differences within the track data for that
condi ti on. Such information is inprotant for interpreting the
results of conparisons between an experinental condition and its
control

In order to test for the significance of the differences
bet ween swi nm ng patterns under different acoustic conditions,
the cumul ative distributions for the two conditions were conpared
at the same grid lines or grid intervals. For each pair of
distributions fromthe two conditions (e.g., D,at 1.0 kmfor
Drillship vs D, at 1.0 kmfor control), the program cal cul ates both

y
t he maxi mum di fference and the sum of the squared differences
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in their distributions. These results are then conpared to
values in | ook-up tables for the Kolmogorov-smirnov test (Siege
1956) and the Cramer-von Mises test (Anderson and Darling 1952),
and the significance of the differences in the two distributions
is determined. The Watson Utest (Zar 1974) was used to test
for the significance of differences in Course bearing and VARUA
“bearing distributions.

3.4.2 Devel opnent of an approximate track density cal culation

If the cumul ative track distributions were continuous
functions of the distance offshore (y) then differentiation of
t hese functions would yield track probability density
functions. Conpari son of these functions would provide a nore
direct neasure of a shift in track density due to avoi dance than
conmparison of the distribution functions. Unfortunately, the
track distributions have discrete steps so direct differentiation
or slope analysis is difficult.

An approximation to the probability density function was
derived by the procedure illustrated in Fig. 3.7. The nunber of
track increnents contained in a finite “window along the y
direction is proportional to the slope of the cunulative track
distribution at the wi ndow |ocation. The w ndow nust be wide
enough so a relatively snooth averaged output is obtained. If
the window is made too wide, resolution of small scale density
changes is |ost. It can be shown that resolution of density
changes of a scale equal to one-half of the window width is
possi ble. Accordingly, we tested the results of this approxi-
mati on using wi ndow widths up to 300 m since the day-to-day
reposi tioning accuracy of the playback source was 100 to 150 m
Results using a 200 m w ndow or |ess were found to give very
rough density plots. As a result, a 300 m w ndow wi dth was used
for nost of the data.
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4. FIELD MEASUREMENTS

field observations of southbound mgrating gray whal es dur-
ing normal or potentially undisturbed days and during periods of
acoustic playback and controlled air gun operations are sum
mari zed below. Also provided is an item zation of the periods of
acoustic stinuli operated from R.v. VARUA and M.v. CHEYENNE
ARROW .

4.1 Field Observations in January 1984

We determ ned that our 1984 field ‘work should be conducted
from8 January to 21 January, based on our literature review of
gray whale migration characteristics (Appendix A Report 5366)
and the results of the 1983 January field season. This tine
period proved to be optinumin terns of the nunber of whal es and
t he nunber of groups passing our study site.

As in the January 1983 field season, our study site was
| ocated approxi mately 22 km south of Monterey, California, in the
Yankee Point-Ganite Canyon area. This area is easily accessible
by ground transportation and has served in the past as the re-
search site for the National Marine Fisheries Service in wrk on

gray whal e popul ation assessnent. The sout hern-nost site was
| ocated at Soberanes Point, with a second site 2.4 kmto the
north (see Fig. 3.1). These sites of fered excellent view ng

conditions to Yankee Point, 2 km north of north station, and to
Kasler Point, 4 km south of Soberanes Station making the total
effective viewing area 8.4 kmduring good or better conditions.
Soberanes and north sites, at elevations of 80.4 mand 60.2 m
respectively, allowed reliable theodolite |ocalization of whale
groups, The theodolite techniques are discussed in Sec. 3.2 of
our previous report referenced above

4-1



Report No. 5586 Bolt Beramek and Newmran |nc.

Communi cation between the two sites was by CB radio. A
mar i ne-band VHF radi o was used for comruni cati on between

Soberanes and the R.V., VARUA,

Each site was manned by four observers this year, augnented
fromthree used during the 1983 field season. Because of our
experiences last year, it was determned that a fourth person was
needed for the tinmes when many groups of whales (nore than 5)
were passing the study site. The fourth observer also provided
the capability of sketching maps of the whale group |ocations,
placing themin relation to one another and our “siting |and-
marks” (Lobos Rocks, VARUA, rock outcropping onshore, etc.).
These maps were, at times, indispensable in determning group
identification. The fourth observer also used the tri pod-nounted
bi nocul ar spotting-scopes at each site. These scopes (22x wide=-
angl e and 15x power) facilitated determ nation of group size,
behavi ors, and, at tines, distinguished individual whales on the
basi s of norphol ogi cal characteristics. The recognition of these

nor phol ogi cal features allowed nore efficient transfer of whale
groups whales as they noved fromthe north station observation

area into the Soberanes station observati on area.

The responsibilities of the four people were as follows: 1)
theodolite (Topcon TC-20) operator, 2) secretary, data recorder
3) inter-station coordi nator (observer and CB operator), and 4)
obser ver - mapper. In practice, the theodolite operator, and
inter-station coordinator were second and third observers, and
the data recorder, to a | esser extent, a fourth. Positions were
rotated periodically so that all personnel were involved in al
phases of data collection.

Table 4.1 presents a summary of shore-base observations by
date and site. Most observations began between 0745 to 0845 and
ended between 1600 to 1700 (PDT). Overall, we had very good
vi ewm ng conditions (see Table 4.2). W |ost no shore-based

i
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TABLE 4.1. SUMMRY OF LAND OBSERVATI ONS. 8 JANUARY TO 21 Janvagy 1984, %
ot
No. Total  Mean No. of Theodolite z
Dat e obs. Per. gcx)gt. N&ﬁac.)f 3’6& i:hgegurl)s Hll:fi;s %iozuep Téﬁﬁ?#g? S'e?hte'r%%% Boats Tankera Aircraft calves 0
8 Jan-N 0851-1640 4 86 202 195 2.35 254 2.95 1 3
s 0913-1645 " 4/5/4% 75 156 151 2.08 299 3.99 1 ’ ’ ° g
9 Jan-N 0805-1702 4/5/4 91 219 219 2.41 359 3.95 0
s 0825-1703 ! 4/5/48 94 195 195 2.07 420 4,47 1 : ! 1
10 Jan-n 0745- 1650 . 4 86 180 180 2.09 406 4.72 2 0 . 0
s 0745-1654 4/5/47 84 164 164 1.95 332 3.95 2
11 Jan-N 0749-1702 . 4 97 223 218 2.30 434 4.47 3 : . )
s 0802-1700 4 117 246 232 2.10 526 4.50 3
:'j 12 Jan-N 0837- 1646 . 3/48 74 167 162 2.26 316 4.27 | ' ‘ l
s 0845-1650 4 75 159 149 2.12 303 4.04 i
13 Jan-N 0755- 1656 4159 120 289 276 2.41 539 4.49 0 8:
s 0807-1700 Y 4 110 248 233 2.25 526 4.78 0 : ’ ° F:
14 Jan-N 0838- 1649 4 99 224 224 2.26 446 4.51 3 %
s 0837-1648 ! 4 100 212 205 2.12 450 4.50 0 ; 7 : §
15 Jan-N 0855-1635 4 55 119 15 2.16 219 3.98 ! ) LA
s 0900- 1625 Y 4 55 134 128 2.44 242 4.40 0 3 ’ ° g
16 Jan-N 0903- 1600 . 4 81 m 167 2.11 321 3.96 0 | 0 0 :
s 0920-1515 3/410 56 110 10 1.9 317 5.66 0 ‘é"
17 Jan-N 0802- 1707 . 6/5t! 106 262 251 2.47 544 5.13 0 0 . : g
s 0815-1707 4/512 103 211 207 2.05 488 4.74 1 -
2
0
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TABLE 4.1. (Cont.) SUMMARY OF LAND OBSERVATIONS. 8 JANUARY TO 21 JANUARY 1984,

No. Total Mean No. of Theodolite
Exp., No. of No. of Whales! No. Group Theodolite Sightings
Date Obs. Per, . Boat Obs, Groups 1o Groups Whales Size Sightings per Group Boats Tankers Aircraft Calves

98G5 ‘oN 1lJoday

18 Jan~N 0809-1612 4 8 152 141 1.88 368 4,54 2
y ) 2 3
s 4/3/413 95 193 74 2,03 440 4.63 1
Jan-N 0807-1613 4 69 154 148 2,23 389 5.64 1
y 9 1
S 0809-1619 4 65 21 19 1.86 385 5.92 1
20 Jan-N 0806~-1602 4 62 122 111 1.97 324 5.23 1
y ) 0 6 0
S 0805-1605 47514 68 126 23 .85 4 4 6.09 o
21 Jan-N 0941-1507 4 51 97 .90 192 3.76 4
. n o 2 o
§ 0936-1510 4 50 91 . 86 1.82 205 4,10 7
‘e
N
Footnotes:
1Cmnu:ir\g whales twice which have split or joined (i.e., Grp. A = 1, Grp., B = }, Grp. AB = 2, total whales = 4 in 3 Grps.). EDD
27otal number of whales irregardless of splits and joins (i.e., Grp. A = 1, Grp. B = 1, Grp., AB = 2, Total Whales = ). :
3see Table 4,3 for experimental boat schedule. w
4Five observers 1100-1300 (approx.) @
SFive obgservers 1400~1500. g
b¥ive observers 15301630 (approx.) %
7Five observers 1145-1300. o
8Three observers 0837-0900, g_
9Five observers 1101-end.
107hree observers 0920-1046. %
11Si:x observers 0802-~1030, five observers to eund. §
12pive observers 1550 to end, >

13'l‘hl:'ee observers 0840-0910,
lépiye observers 1446 to end.
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TABLE 4.2

8 Jan-N

9 Jan-N

10 Jan-N

11 Jan-N

12 Jan-N

13 Jan-N

5586 Bolt Beranek and Newran | nc.

SUVMARY OF OBSERVATI ON CONDI TI ONS, 8 JANUARY TO 21
JANUARY, BY SITE.

Good to fair ina.m Wnd SSE 15, hazy. Wnd N 15
by md-day, p.m wnd £, ENE 8-12, good conditions.
By end, fair w haze. 10- 30% cl ouds, 0% at end.

Good to excellent early am Wnd S 1-5. Mid,

late a.m , early p.m fair to poor w/haze, w/caps,
wind E, NE, N\W N, E 5-15. Good towards end, w nd
SE 1-5.

Good in a.m Md-day good-excellent, deteriorating
to poor by end. Wnd S, SE, sW 1-10, then md p.m
to NW NE 100- 10% cl ouds by m d-day, up to 100%
by end.

Fair to good a.m, wnd NW NE, SE, SW3-10. Good
early, md p..m , wind O Poor at end w haze, fog,
shifting w nds 2-5.

Good in a.m, wind E 5-10. M d-day fair to poor
w haze, fog. Excel l ent rest of day, w nd NwW 4-8.
30-50% cl ouds a.m, 0% md-day, 70-30% end.

Poor in am , wind NNE, NW 8-10 w fog, haze. Wind
N, NW 1-10 rest of day. Fair m d-day. Poor
towards end w haze.

Good to excellent early, md a.m, wnd NE, E 1-

5. Late a.m, early p.m fair w haze, w caps.
Good to end. 0-20% cl ouds all day.

Good all day except fair periods late aam , md
p.m Wnd NE, N\W N 5-15 all day.

Fair to poor nost of day w haze, fog. Good early

p.m. Light variable wind O-3. 80-100% cl ouds all
day.

Good early a.m , wind NE 1-5 w sone haze. Fair to
poor by m d-day. Excellent by mid p.m, wnd SW1-
5. Good at end with no w nd.

Good to excellent all day. Wnd N, NW2-10 all
day. 10-90% cl ouds a.m, 0% by m d-day.

Excel l ent conditions all day. Wnd NW NE 5-10
am No wind in p.m
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TABLE 4. 2.

14 Jan-N

15 Jan-N

16 Jan-N

17 Jan N

18 Jan N

19 Jan N

5586 Bolt Beranek and Newnan | nc.

(Cent. ) SUMVARY OF OBSERVATI ON CONDI TI ONS, 8 JANUARY

TO 21 JANUARY, BY SITE.

Fair early a.m., wind ESE 5. Fair to good rest of
day, wind W ssSw, S 3-8. 5-60% cl ouds a.m, 30-10%
p. m

Fair early a.m , wind ESgE 3-5. Excel |l ent condi -
tions md a.m deteriorating to poor by m d-day.
Good all p.m wth wnd S SE 8-15.

Fair to poor all day. Wnd SE, SW S 3-10 all
day. Sone drizzle at md-day, high swell, w caps,
100% clouds al |l day.

Fair to poor all day. Wnd S, SE 5-20, w/caps,
hi gh swel | .

Excellent in a.m, wind NNW3. Fair to good md-
day wind N 5-8. Good to excellent rest of day with
wind NNW, N 1-5. 10-60% cl ouds all day.

Good to excellent ali day. Wnd NW 1-10 all day,
some W caps.

Good to excellent in a.m., wind S 1-3. Good to
excellent p.m , wind sw, S 1-5. No wi nd at end.
10-15% clouds md p.m, 0% rest of day.

V.Good to excellent all day. Wnd SE, sw 1-10.

Good in a.m and early ppm , with good to excellent
conditions to end. Wnd E 1-2 a.m, W NWI1-5in
p. m 60- 20% clouds a.m, 75-10% p. m

Good to excellent all day, wnd NW1-3, slight haze
in p.m, no wnd.

Excellent in am with wnd E 1-3. Haze/ snoke as
p.m progressed, fair, wind NW5-10. Good late
p.m 0-10% clouds am 0-40% p.m

Good, deteriorating to poor by md-day with haze,
wcaps . Wnd up to’N 15 by late a.m Poor to fair
conditions with haze, wcaps until late p.m when
good . Wnd N, NW5-20 in p.m
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TABLE 4.2. (Cont.) SUMVARY OF OBSERVATI ON CONDI TI ONS, 8 JANUARY
TO 21 JANUARY, BY SITE
20Jan N Good in a.m., sone haze, nNO W nd. Fair to good

md-day with haze, wind 8, SW3-4. Good to
excellent by md p.m deteriorating to fair to poor
by end with wind NE 1-3. O 95-O»nclouds a.m., 20-
40% early, md p.m, 100% at end.

S Good, good to fair all day with wind S, SW W1-5
wth periods of calm Towards end haze nade poor
condi tions

21 Jan-N Fair to poor nost of day with wind NE, N 2-8 all
day. Haze m d- day. Fair at end. 100% cl ouds ali
day.

S Good early, md a.m, wind Ne, NW1-7. Poor m d-
day w haze, snoke. Good to fair early p.m, wind N
5-10, deteriorating to poor to fair by end, w nd
NW N 4-10.

NOTES : lpercent of cloud coverage for the day is given at end of

north site view ng conditions.
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observation days to adverse weather conditions, and we only had
to term nate one day (21 January) because of deteriorating
viewi ng conditions. During January 1983, we |ost one conplete
day and three others had to be term nated because of weather. We
achieved a total of 225.4 hrs of field observations during the
1984 field season conpared to 209.6 hrs in January 1983.

The peak of the mgration passing our study site occurred on
13January with a maxi num of 276 whales, 120 groups (north site)
and a mni num of 233 whal es, 110 groups (Soberanes). Differences
in nunbers between North Site and Soberanes reflect variable
viewi ng conditions, groups splitting and joining, and groups not
observed. When we conpare the total nunber of groups passing on
a day-to-day basis, the totals for the 1984 field season exceed
the totals for January 1983 on all days except 16 January (the
peak day of 1983). Over the 1984 field season, the total nunber
of whal es seen at the observation stations ranged froma hi gh of
2567to a low of 2,204, considering the maxi mum and m ni num
counts for each day. In 1983, the counts were 1,699 and 1, 356,
respectively. The nunber of whale groups ranged from 1,203 to
1,102 in 1984 and were 825 and 695 in 1983, respectively. The
actual nunbers of whales within visual range probably was above
the maxi mum values. There were 14 observation days in 1984 and

15 days in 1983.

It is of interest to note that in 1984 we observed a total
of 15 nother/calf pairs (newborn calves) passing the study site
(in January 1983 the nunber was 7). Mther/calf pairs were
observed on seven of the 14 days and were distributed throughout
the period of field observations. A high count of five occurred
on 17 January. The high count during the January 1983 field
season al so occurred on 17 January with two mother/calf pairs
observed. Most of the nother/calf pairs (12 out of 15) were
first observed between |ate norning and early afternoon (1103 to



Report No. 5586 Bolt Beranek and Newman Inc

1555) and were traveling south approximately 1 km from shore.
In 3 of the 15 nother/calf groups there were two |arger animals
acconpanying the calf and in 1 of the remaining 12 there were 3
| arger animals acconpanying the calf.

During our observations we saw six other species of nmarine
manmal s: minke whal e (Balaenoptera acutorostrata) , conmon
dol phin (Delphinus delphis), Pacific white-sided dol phin
(Lagenorhynchus obliquidens), killer whale (Orcinus orca),
California sea lion (Zalophus californianus), and sea otter
(Enhydra lutris nereis). Two of these species, the Pacific
whi t e-si ded Dol phin and the California sea lion, were, at tines,
observed with gray whales.

42 Acoustic Stimuli During the Southbound Mgration of 1984

In order to obtain a |larger data sanple fromthe general
sout hbound popul ation, both single air gun tests and pl ayback
experinents were perfornmed in January of 1984. No air gun array
was available for tests during this period. The single air gun
used this season was the sanme as that used in May 1983; a 100 cu.
in. unit operated at 4500 psi pressure fromthe M.v. CHEYENNE
ARROW (sister ship of M.v. CROWNV ARROW used | ast year). The air
gun was | eased from Western Geophysical, Inc. and operated with a
conpressor and controller |loaned to the project by Price
Conpressor Co.

Table 4.3 provides the timing details and the experinental
conditions for the air gun and pl ayback experinents. The |oca-
tion of research vessels wth respect to | andmarks and the
observation sites is given in Figs. 31and 3.2 in Section 3.

As shown in this table, the air gun experinments were perforned
during the first three days of the field tests, 9 through 11
January. During these days, an average of 206 whal es were
observed each day by North Site and 197 whales were -nonitored by
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TABLE 4.3. ACOUSTI C STI MJLUS SCHEDULE - JANUARY 1984.

Single Air Gun (100 cubic inch; 4500 psi pressure;
10 second pul se interval; vessel:

M.v. CHEYENNE ARROW VARUA nonitoring
at Station #1)

Dat e Time On M nut es Comment s
1/09/84 0915-1232 (197) Transect 1 mle |ong, approx.
8 nm (15 kn) from shore
1337- 1500 (83) Transect 0.5 nm|long, approx.
3 nm(5 5 km fromshore
1530- 1705 (95) Drifting Approx. 1.5 mles (2.8 km
from shore
1/10/ 84 0850- 1200 (190) Vessel anchored approx. 1 nmfrom
shore.
1330- 1613 (163) Sane
1633- 1700 (27) Same
1/11/84 0900-1100 (120) Vessel anchored as on 1/10/ 84
1300- 1500 (120) Sane

1700- 1842 (102) Vessel underway from anchorage at
340°T heading for distance 4 nm

(7.4 km
Pl ayback of Taped Sounds* VARUA anchored at Station #2,
approx. 1 nm (1.8 kn) from shore)
1/°13/84 1017-1132 (72) Control period (NO PLAYBACK)
1133- 1403 (150) Drilling Platform
1431-1700 (149) Drillship

* Ambi ent or background noi se conditions were neasured during
i nterval s between each playback or air gun period lasting for
about 30 m nutes each.
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TABLE 4.3. (Cont.)

Dat e Time On M nut es

1/14/84 1117-1315 (118)
1345- 1545 (120)
1554- 1652 (58)

1/15/84  1(105-1145 (loo)
1227- 1401 (94)
1436- 1616 (100)

1/16/84 NONE

1/17/84 0848-1046 (118)
1122-1318 (116)
1345- 1545 (120)

1/18/84 NONE (510)
0800- 1630

1/19/84 0845-1045 (120)
1115-1315 (120)
1345- 1545 (120)

1/20/84 0830-1030 (120)
1030-1230 (120)
1231- 1431 (120)
1431- 1535 (64)

Bolt Beranek and Newmran | nc.

ACQUSTI C STI MULUS SCHEDULE - JANUARY 1984.

Comment s
Production Pl atform
Hel i copt er
Control Period (NO PLAYBACK)

Drillship
Sem subnersible Rig

Producti on Platform

Control Period, No VARUA Present
(seas too heavy)

Sem subrer si bl e Rig
Drilling Platform
Hel i copt er

Control Period (VARUA on station)
NO PLAYBACK

Drilling Platform
Drillship

Helicopter

Sem subnersible Rig
Control Period (NO PLAYBACK)
Production Pl atform

Control Period (NoO PLAYBACK)
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TABLE 4.3. (Cont.) ACQOUSTIC STI MJLUS SCHEDULE -
SUMVARY oF PLAYBACK SCHEDULE
O der Date 1/13 1/ 14 1/ 15 1/ 16 1/17
of
Pl ayback
1 Cont r PP DS N 88
(72) (118)  ( 100) (118)
0
2 DP H S8 DP
( 150} ( 120) (94) N (116)
3 DS Contr PP E H
(149)  (58) (100)  (417) ( 120)
Parent hetical nunbers = Time in mnutes for each
Condi tion
DP = Drilling Platform (HCLLY)
DS = Drillship (EXPLORER)
PP = Production Platform (SPARK)
H = Helicopter (Bell #212)
SS = Semisubmersible Drill Rig
( OCEAN VICTORY)
Contr = Control Period (VARUA at anchor
and no pl ayback)
None = No Vessel Present (plus 1/8, 1/12,
1/ 21)
4-12
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JANUARY 1984.

1/ 18 1/19
Contr DP
(170)  (120)
Contr DS
(170) (120)
Contr |
(170) (120)

pl ayback.

Tot al

1/ 20

w
w

(120)

Cent
(120)

=
o

( 120)

H*

Ti me/ Condi ti on;

386 m n.
369 m n.
338 mn.
360 m n.

332 mn.

824 nin.

1713 mn.
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South Site. The air gun and acoustic playback work was perforned
over a total of nine days while behavioral observation fromthe
land sites was perforned over a 14 day period. Thus, there were
five control days avail able for conparison of behavior wth that
occurring during acoustic stimlus days.

The degree of exposure of mgrating whales to the air gun
i mpul ses varied considerably from one test to another. Typi cal
exposure sound |l evels are presented in Section 5 of this
report. As noted in the table, the air gun system was operated
at nom nal distances of approximately 15 km 5.5 km and 2.8 km
fromthe estimated center of the mgration corridor while the
vessel was either underway or drifting. Previous testing with
the air gun in May 1983 denonstrated that these test distances
woul d “bracket” the distances within which sone observable
behavi oral changes coul d be expect ed. In addition, a series of
tests were performed with the air gun vessel anchored. Because
of the nature of air gun useage, these experinments could not be
perfornmed on a “blind” basis and shore observers were aware that
the air gun was operating.

Pl ayback experinents summarized in Table 4.3 were perforned
during an eight day period (1/13-1/20). On two of these days no
pl ayback experinents were conducted. ©n one day (1/16), the
VARUA could not | eave Monterey Harbor because of very heavy sea
condi tions. Fortunately, the observation conditions on that day
were good so additional whale track data coul d be obtained
wi t hout any vessel present in the neasurenent area. The ot her
day (1/18), VARUA was present but did not do any playbacks during
the entire day. The shore crews did not know that there were no
pl aybacks being perfornmed, maintaining the requirenents of a
blind experinent. The summary of the playback schedul e at the
end of Table 4.3 includes the order of playback for each day as
well as the anobunt of time devoted to each playback condition. A
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total of approximately six hours cof playback tine was given to
each playback condition and 13.75 hours to control (VARUA
present, but no playback). A total of 28.5 hours provided
control behavioral data with no vessel present.

Anbi ent noi se conditions were highly variable during the
nmeasur ement and observation periods due to offshore ship traffic,
vari able surf conditions, and snappi ng shrinp noise. Nor e
specific comrents regardi ng anbi ent noise conditions are provided
together with specific noise level data in Section 5 of this
report.

Acoustic propagation loss or transm ssion |oss data were
acquired from operation of the air gun at various distances from
t he neasurenent hydrophores on-board R.vV. VARUA. The air gun
vessel also ran a radial track away fromthe sound nmeasurenent
vessel for a distance of about four miles, parallel to shore, as
noted in Fig. 3.1,. These data were used for conparison wth
transm ssion | oss data obtained in 1983, confirm ng the the sound
propagati on nodel derived fromthe 1983 data and presented in BBN

Report 5366.
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5. ACQUSTI C MEASUREMENTS AND RESULTS

This section contains a description of the acoustic
neasur enents nmade during the January 1984 field season and a
summary of the results obtained. The anal ytical background of
t he procedures used was developed in Section 5 of Report 5366.
Sone of that discussion will be included here to facilitate
under standing of the results and mnimze the need to refer to
the earlier report.

5.1 Air GQun Experinents

The series of tests using a 100 cu. in. air gun operating at
4500 psi were performed in order to obtain data on the behavi oral
response of mgrating gray whales to the high sound | evels
produced by this source. Additional acoustic transm ssion |oss
(TL) data were also obtained for the observation area. This
section is concerned with neasurements of the air gun source
characteristics and the TL neasurement results

5.1.1 Air gun source characteristics

The previous nmeasurenments of a single 100 cu. in. air gun
(Report 5366, Sec. 5.1.2) showed that the average pul se pressure
| evel was a useful neasure of the effective received |l evel of the
transient signals froman air gun. This quantity is a neasure of
the effective energy of a noise pulse in terns of an average
pressure | evel defined as (Urick, 1975, Sec. 4.4)

-1 2 dt = BEE
E = [ p?3(t) > 50 (Joul es) (1)

0

0
Q
I

t he specific acoustic inpedance of water

the original pul se pressure waveform

=)
—
—
~
11
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t he average pul se pressure

ol
1

the effective pulse duration (the tine required for
p2(t) to decay to less than 10% of the initia
val ue)

The instrunmentation used to analyze air gun signals to
obtain the average, pulse pressure incorporated a squaring and
integrating circuit to provide a voltage output proportional to
the integrated acoustic energy of the pulse. The tinme duration
of the signals was determ ned by digital transient recording of
t he waveform and vi sual inspection of the pul se envel ope. Fi gure
51illustrates a typical air gun signature and the analysis
procedure. Cenerally it is nore convenient to express acoustic
pressure in logarithmc terns. Consequent |y, the average pul se
pressure level is defined as

L..: 5 B
> 20 Loglo(p/pref) d (2)

wher e

‘ref = lwm Pascal .

Air gun signature anal ysis

A narrowband anal yzer was used to obtain anal yses of air gun
signatures for various ranges. The tinme waveforns of the pul ses
were al so recorded to obtain peak pressure data and exam ne tine
duration as a function of range. Because of multipath transm s-
sion, peak pressure values were found to be quite variable. The
time duration of the signals was observed to generally increase
with range due to reverberation. occasionally, separate discrete
multipath pul ses were received.
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Pressure-Time
Signature

Effective
Time Duration

. i ntegrated
' Ve~p Energy

Equivalent E
Constant Amplitude ~——--
Puke

FIG 5.1. CHART RECORD SHOWN NG PULSE SI GNATURE AND PULSE ENERGY
| NTEGRATOR QUTPUTS .
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The air gun was operated at ranges of 15.5 km (8 nm to
360 m  The pressure signature observed at the 360 mrange was
found to agree quite well wth the data obtained during the 1983
tests, also using a 100 cu. in. gun. Thus, closer range tests to
obtain reverberation-free signatures were not perforned. Figure
5.2 illustrates pressure-tine waveforns at ranges of 360 m and
1.1 km  The peak pressures of these signatures can be seen to be
900 Pascal and 200 Pascal, respectively, or in logarithmc form
179 @B and 166 dB referred to 1ypPa. Narrowband frequency
anal yses were nade of these signatures as shown in Fig. 5.3. The
dom nant energy of the signals can be seen to be at 100 Hz and
bel ow

5.1.2 Transm ssion | 0sSs nmeasurenents

Acoustic transm ssion |loss in shallow water is highly
dependent on the acoustic properties of the bottom materi al
since, in nost areas, sound energy is transmtted mainly by paths
that are multiply reflected fromthe bottomand surface. The
average nunber of reflections (or “bounces”) depends on the water
depth, on the acoustic properties of the water colum (sound
velocity gradient) , on acoustic properties of the bottom, and on
any directional properties of the source and receiver. I n nost
shal | ow water areas, the relationship between acoustic pressure
and di stance fromthe source (range) has been found to be nodel ed
quite well by considering a spreading | oss which is m dway
bet ween that of unbounded deep water (spherical spreading or 20
|l og range) and that of ducted horizontal spreading (cylindrical
spreading or 10 log range) (Urick, 1975, Sec. 6.6). To the
spreadi ng | oss nust be added a | oss due to nolecul ar absorption
in the water, a loss due to the scattering and absorption at the
surface and bottom and an, energy increase due to the surface and
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bottom “image” sources. The resul ting sound propagation nodel
can be expressed in equation form as:

L, = Ls - 15 Log(R) - A _(R) - A(R + | (dB//1luPa) (3)
wher e

L. = Received |level at range R (dB//1luPa)

Lg = Source | evel (dB//1luPa at 1 m

R= Range in neters
A, = Mol ecular (volunetric) absorption (dB per meter)
A, = Reflection |loss at surface and bottom (dB per neter)

I = Change in effective source |evel due to proximty of
surface and/or bottom (dB).

This nodel was nodified to fit the requirenents of the
nmeasurenent area and experinental conditions. Since our prinmary
concern was | ow frequency sound propagati on, we have negl ected
the volunetric absorption | oss as not being significant bel ow 500
Hz for the ranges of interest. Much of the data we obtai ned was
for conditions where the source and receiver were in regions wth
appreciably different depths; also, for a nunber of measurenents
the source depth was a significant fraction of the range. Thus

t he nunber of reflections was not constant with range, and the
spreadi ng | oss woul d not be expected to be 15 log(R) for the
entire propagation path.

The nodel was nodified by assum ng the bottomto be
uniformy sloping between the source and receiver. The effective
| o0ss per bounce was then determ ned by considering the total
nunber of bounces to be proportional to R/d(avg) where d(avg) =
(source depth, dg, + receiver depth, d,.)/2. Thus, if Ab is
defined as the effective attenuation per bounce, then
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Nunber of bounces (avg) = 2R/(dg + dy)

Total attenuation = Ap(R/(dg + dy))

where Ab includes the factor of 2 obtained in averaging. Sound
spreading loss in the region of the source was assuned to be 20
log(R) out to a range equal to the depth dg, where bottom
reflections would becone a significant factor in the received
sound. Thus, the propagation nodel was nodified to consider a
near-source region and a region where bottom and surface

refl ections control the propagation. Equation (1) was rewitten
as

r

L, = Ls - 20 log(d ) - 15 log(R/ds) - A (R/{dg + d)) + 6 ds.
(4)
This can be sinplified to

L, =Ls- 5 log(d,) - 15 log(R - A (R/(dg + d ))+ 6 dB.

r

(5)

Here, the 6 dB correction term assunmes a 3 dB contribution
each from surface and bottom source i nages.

Regression analysis of TL data obtained using air gun
sources during the April-My, 1983 field nmeasurenents provided an
estimate of the effective “loss-per-bounce” coefficient in Eq.
(5) for the test area. An estimate of the effective source |evel
of the 100 cu. in. air gun was also obtained. The resulting
recei ved sound | evel equation was

L, = 168 - 5 log(d.) - 15 log(R - 440(R/(ds+dr)) + 6 (dB//1uPa)
(6)
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where R is the distance fromthe source (kn) and ds, d, are the
source and receiver depths (meters). The received sound |evel in
this case is the effective pul se pressure as defined previously.

Data were obtained during the January, 1984 field neasure-
ment to provide verification or, if necessary, nodification of
Eq. (6). These data were obtained for operation of the air gun
during the prelimnary 8-mle, 3-mle, and |-mle transects;
during the anchored tests; and during a 7.5 km TL test along the
general mgration path. The results are shown in Fig. 5.4. The
nmeasured data are conpared with cal cul ated val ues using Eq. (6).
CGood agreenent is obtained except for data near the end of the TL
track where a slight inshore deviation of the track woul d have
put the source in considerably shallower water (see Fig. 3.1).
This woul d have caused the higher values of TL observed in the
data. The anomal ously high value of TL observed for the 3-mle
transect neasurenents i s unexplai ned except as an exanple of the
variability of underwater sound propagation.

An extrene exanple of sound propagation variability was al so
observed in the 8 mle transect data. The initial air gun signa
waveform received during the first 15 min. of the test is shown
in Fig. 5.5(a). In this exanple two maj or sound paths are con-
tributing. These two | ow frequency signals (500 Hz) were pre-
ceeded by a weak high frequency precursor (>1 kHz) as shown in
Fig. 5.6(a). Wthin about six air gun pulses (60 see), the | ow
frequency pul ses faded to anbient noise level - a drop in |evel
of nore than 25 dB. The only renmaining signal was the precursor
as shown in Fig. 5.6(b). Aradio call to the source vesse
confirmed that the air gun was operating normally. The source
vessel was requested to reverse course and return along the
original track. After a short period of tinme, the |ow frequency
pul ses reappeared in the received signal. However, when the air
gun vessel had returned along the track for about 20 mn., the
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doubl e pul se signal shifted to a single pulse as shown in Fig.
5.5(b). This shift again occurred over a relatively short period of
tinme .

Measurenents of the sound velocity profile at the VARUA
position showed a nearly neutral profile. The extrene variability
in propagation conditions for the 8-mle geonetry thus were
probably caused by rapid changes in bottom and sub-bottom
conposition between the source and receiver.

The degree of received signal |evel variability described
above was not observed for transm ssion |oss neasure.nents where the
air gun was operated nearer to shore along the whale mgration
corridor, as shown previously in Fig. 5.4.

5.2. Playback Experiments

The results of the playback experinments conducted in January
1983 showed that two types of behavioral reactions occurred. An
initial “detection” reaction occurred at ranges where the | oudest
portion of the playback spectrum approached the anbi ent noi se | evel
in the sane frequency band (O dB S/ N). This reaction was generally
observed as a change in swnmm ng speed and often a slight change in
headi ng. As a result of this change in swinmm ng pattern, the
whal es woul d pass the region of the source at a greater distance
t han woul d be the case under control (no playback) conditions. For
some playback tests, the change in swinmmng direction would occur
at a relatively close range to the source. In either case, the
reaction could be considered as an “avoidance” of the region with
| oud sound levels. Accordingly, we have anal yzed the playback data
to provide information not only on the absolute |evel and spectrum
of the reproduced signals but also on their relative level in
relation to |ocal anbient noise conditions.
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The sound | evel produced by a playback stinulus at the posi-
tion of an observed whal e was estinmated by applying the propagation
nodel described in the preceding section to the area involved. To
do this, Eq. (6) was nodified by recognizing that TL = Lg - L,,
which resulted in the follow ng rel ati onshi p:

TL = 5 log(d,) + 15 10g(R) + .44(R/(d_+d )) - 6 (dB). (7)

The reference range has been changed to 1 nmeter for convenience,

The di stance at which the projected signal could potentially
be detected was estimted by neasuring the | ocal anbient noise
spectrum and conparing the noise spectrumwth the spectrum of the
projected stimulus. This process was conplicated by the | ack of
knowl edge of the frequency dependence of the hearing threshold and
critical bandw dths of gray whal es. Based on avail able data from
ot her marine mammal s and nonmari ne manmal s, such as Honb sapi ens,
we nmade the follow ng assunptions concerning the auditory
capabilities of Eschrichtius robustus:

« The hearing threshold is bel ow the general anbient noise
| evel and covers a frequency range at | east as broad as the
reported vocalization range.

The critical bandwi dths are 1/3 octave or nar’rower* (Hernman
and Tavolga, 1980)

« The sensation of |oudness or noisiness follows a |og-
arithmc relationshinp.

« The masking rel ationshi ps between sounds at different
frequencies are simlar to those determ ned for hunman
heari ng.

*A critical bandwidth is defined as the bandw dth of noise at
constant spectrumlevel required to mask a pure tone at the sane
center frequency and RVS pressure |evel.

5-14
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5.2.1 Playback system response neasurenent

As described previously in See. 3.3, the |ow frequency
response of the playback system was inproved over that avail able
during the 1983 work by adding a second | ow frequency projector.

In addition, an equalization network was used to provide a flatter
frequency response in the m d-band and hi gh-frequency regions. The
accuracy of the playback system was exam ned by recording the

out put of the source nonitor hydrophore and conparing the spectrum
of the reproduced signal with the relative spectrumof the origina
tape recording. An exanple of this conparison is shown in Fig. 57
for the drillship stimulus. A conplete set of conparison spectra
is contained in Appendix C for all of the industrial noise stinuli.

5.2.2 Anbient noise neasurenents

Anbi ent noise in the test area was influenced by ship traffic
at |l ow frequencies and by snapping (pistol) shrinp at high
frequencies. A typical exanple is shown in Fig. 5.8. For the high
anbi ent conditions of 14 January, an oil tanker was passing
of fshore and the wind speed was about 10 kts. The shrinp noise
contribution peaking at about 63kHz can be seen to be
appreciable. A conparison with shall ow water anbient data reported
by wenz (1962) shows good agreenent in the md-frequency range.

The anbi ent noi se spectrumfor 17 January was typical for |ow w nd
conditions in the test area. Note that the overall ambient noise
levels for the full 25 to 16,000 Hz frequency range differ by only
3 dB fromthe “noisy” condition to the “quiet” condition. This is
a result of the dom nance of the shrinp noise which does not change
with w nd speed.

5.2.3 Determ nation of playback signal-to-noise ratio

The hi gh frequency anbi ent noi se produced by the shrinp was of
concern because of its potential masking effect on the playback
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sound. In human hearing, the masking of one sound by another is
greatest when both sounds are within a critical bandw dth.

However, upward and downward masking effects do occur. In this
case, downward masking is the concern’. Fortunately, the dom nant
spect rum conponents of the playback stinmuli are about one decade
lower in frequency than the peak of the shrinp noise. St udi es of
downwar d maski ng by bands of noise (Spieth, 1957) have shown that
for human subjects the masking threshold is 40 dB bel ow t he peak
noi se spectrum | evel, one decade bel ow the noi se spectrum peak fre-
quency. In the case of the shrinp noise spectrum this would inply
that a 1/3 octave band signal |evel of 50 dB or greater at 600 Hz
or bel ow woul d not be masked by the shrinp noise. Fortunately, as
was shown in Fig. 5.8, local anbient |levels are generally higher
than this. Thus, in devel oping our estimted signal-to-noise (S/N)
ratios for the playback stimuli, we have considered that the

dom nant maski ng of the playback signal is produced by anbient

noi se in the same frequency range

The “available S/N ratio” was estinmated for each playback
stimulus using the followi ng procedure. The effective signal |evel
for the playback signal was determ ned by cal culating the RVS
signal level for the “dom nant” bandw dt h. Referring back to Fig
57,the dom nant signal bandw dth was determ ned by observing the
hi ghest 1/3 octave band level in the signal as nmeasured by the
nmoni tor hydrophore, and then including the total nunber of 1/3
octave bands which had levels within 10 @B of the maxi num  The
anbi ent noi se spectra neasured before and after the playback
sequence were averaged and the RMS noise signal for the sane
dom nant bandwi dth was calculated. The available S/Nratio was
obtai ned by subtracting the effective nmasking noise |evel (dB).
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5.2.4 Sonobuoy neasurenent of playback |evel vs range

A series of neasurenents were nade using a drifting AN/SSQ-57A
sonobuoy (hydrophore depth - 10 m to determine the effective range
of a playback signal. This was done to obtain a check on the
accuracy ot Eg. (7) when used for predicting the stinulus exposure
| evel versus range. The range of the sonobuoy from the projector
was determ ned by cross-correlating the output of the source
noni tor hydrophore with the output of the sonobuoy receiver. The
time delay of the correlation peak was then converted to a sonobuoy
range estimate using the local underwater sound speed.

Figure 59shows the results of these neasurenents for a
sequence using the semisubmersible rig stinmulus. The anbi ent noise
| evel s obtained just after the end of the playback are shown for
bot h the sonobuoy signal and for the anbient noise nonitor hydro-
phone near the VARUA. The two spectra can be seen to agree except
at the low frequencies where a |line conponent from a passing ship
was stronger near the VARUA. Duriny the playback, when the
sonobuoy was at an estimated range of 1.0 kmfromthe VARUA, the
ship contribution to the anbient can be seen to be sonewhat | ower
than during the anbient measurenment period. The playback signa
appears in the 160 to 315 Hz 1/3 octave bands. this is the
dom nant part of the spectrumfor this stinmulus (see Fig. C3 in
Appendi x C). If we assune that the sonobuoy drift track was alony
shore at the sanme depth as the VARUA, Eq. (7) can be used to
estimate the expected received |levels for the 160 and 250 Hz bands.
The resulting estimated | evels are conpared to the neasured |evels
in Table 5.1(a).

A simlar procedure was used for a production platform play-
back which followed the sem subnersible rig sequence. The results
of this nmeasurenent are shown in Fig. 5.10. Anbi ent noi se neasur e-
ments taken before the start of the playback show that the ship
noi se previously observed had dropped in |evel but was stil
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| oudest at the VARUA position. The playback signal at the sonobuoy
position can be seen in the 80to 250 Hz 1/3 octave bands. The
estimated range at this tine was 1.5 km A conparison of estinated
and neasured playback signal levels is shown in Table 5.1(b). The
agreenent is not as good as it was for Table 5.1(a). This may be
caused by a decrease in the effective TL at |ow frequencies. The
assunption that the sonobuoy continued drifting along the sane
depth contour after 2 hrs nmay not be valid. An error in water
depth at the receiver would cause an error in calculated TL.

5.2.5 Acoustic exposure estimation

Table 5.1 lists the results of analyzing the playback stimuli
and the anbient noise levels at the tine of projection according to
t he procedure discussed in the ﬁreceding section. The results are
presented in terns of available S/INratio, 1 mfromthe projector
and the estimated’ range for an effective S/IN ratio of O dB or 10
d8 . These ranges are presented both for the entire dom nant
bandwi dth as well as for the highest 1/3 octave band in the
respective stimulus. The |ast neasure is appropriate for
determning if observed response changes are the result of stimulus
detection at |ow |evels.

The TL cal cul ati on procedure provided by Egq. (7) was used to
obtain the range values given in Table 52. To sinplify the
procedure, a set of fixed-depth values was assunmed for the January
field period data. Since nost of the mgration was centered around
the sane depth contour as the VARUA position, a calculation for TL
vs range was nmade for that depth (64 m , and plotted as shown in
Fig. 5.11. Note that the available s/N for the O dB maxi num range
criterion is equal to the TL

5-20
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TABLE 5.1. SONOBUOY SOUND PROPAGATI ON MEASUREMENTS.

A  Semisubmersible Ri g Stinulus Pl ayback

Source Level (1 m Recei ved Level
Range TL
1/3 Ot Ls (Mess) (Calc) Calc L, Meas. L,
Hz dB re luPa km dB dB re 1lyPa dB re 1 Pa
160 152 1.0 o1 101 101
250 153 1.0 51 102 103

B. Production Platform Stimulus Pl ayback

Source Level (1 m Recei ved Level
Range TL
1/3 Ot Ls (Meas) (Calc) Calc L, Meas. L,
Hz dB re l1lwPa km dB dB re 1luPa dB re 1luPa
80 157 1.5 56 101 104
125 151 1.5 56 95 99
250 150 1.5 56 94 93
5-23
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TABLE 5.2. PLAYBACK SI GNAL/NO SE DATA AND estimaTed EFFECTI VE RANGE.

Est. 1 2
f 1 SN

Dat e/ Ti me 8(t)dlem Bwﬁgf dB/I?upa , da/IyuPa sd/BN llz% 1111‘9 ﬂg Sd/BN 11:% Rk’ﬁ? vanda; on
1/13/84 1133-1403 pD1 80-1.6%k3 162 100 62 2.4 1,1 125 67 3.3 17 10
1431- 1544 ps1 50-315° 151 96 55 1.4 05 250 59 20 0.8 5
1544-1700 s 1 50-315 153 96 57 1.7 06 250 64 2.8 1.3 5
1/ 14/ 84 1117-1315 pp1 63-500 1634 109 54 1.3 0.4 80 57 1.7 0.6 6
1345- 1545 a1 31,5-135 158 105 53 .2 0.4 160 58 1.9  o0.7 9
1/ 15/ 84 1005- 1145 DS2 50-315 160 102 58 1.9 0.7 250 64 2.8 1.3 3
1227- 1401 Sl s0-1k " 160 108 52 1.1 0.3 250 63 2.6 1.2 3
1436- 1616 PP2 63-500 160 102 58 1:9 0.7 250 62 2.4 1.1 3
1/17/84 0848- 1046 SS2 50-1% 157 97 60 22 0.9 250 69 3.7 2.0 4
1122-1318 PD2 so-1.sx 157 95 62 2.4 1.1 250 65 3.0 1.4 6
1345- 1545 H  31.5-315 157 99 58 1.9 0.7 160 64 2.8 1.3 1
1/19/ 84 0845-1045 PD3 so0-1.5x 159 103 56 1.6 0.5 250 65 3.0 1.4 1
1115-1315 053 50-315 159 102 57 1.7 0.6 250 63 2.6 1.2 3
1345- 1545 H  31.5-315 160 104 56 1.6 0.6 315 61 2.3 1.0 2
1/ 20/ 84 0830-1030 SS3 s0-1k 161 105 56 .6 0.6 250 65 3.0 3
1231- 1431 PP3  63-500 161 103 58 1.9 0.7 80 64 2.8 1

lrange of 1/3 ocCtave-band center frequencies.

Notes:
2gstimated anbient noise level variation during playback.
3projector not equali zed.
4source level 6 dB hi gher from 1117-1137.

Key:

Ry = Range to O a8 S/N
Ryg = Range to 10 &8 S/N
Ls = Source level, 1 m
Ly = Noise level

B,= 1/3 octave band with highest |evel in signal.
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6. BEHAVI ORAL OBSERVATI ONS AND ANALYSI S

6.1 Behavioral Observations

The purpose of this section is to present a qualitative
description of the southward mgration for January 1984. As we
enphasi zed in our 1983 report, know edge of and famliarity with
the normal mgratory behavior of gray whales is essential for a
proper interpretation of results obtained under potentially
di sturbed conditions. The following is a characterization of the
southward mgration and a series of descriptions based on
observations nmade under both undisturbed and potentially
di sturbed conditions. These descriptions are derived fromfield
notes and daily summaries witten in the evening after
observations had ended

6.1.1 Normal mgratory behavior

During the southbound mgration, whales passed our study
sites at speeds of “between 5 and 10 km hr. During the 1984 field
season, we did not observe mgratory pul ses as we had in 1983.
Instead, we had the inpression that whales were passing in a
constant stream although we were aware of daily fluctuations in
the nunber of whal es. Whal e groups tended to pass our study site
ina corridor 2 to 5 kmoffshore. W have not quantified the
rel ati onshi p between group size and distance from shore, but | ast
year | arge groups appeared to mgrate further offshore than
during this field season

During the 1984 field season we observed a variety of
i ndi vi dual and group behaviors including breaching, rolling, side
swnmmng wth pectoral fin extended, mlling, and possible
surface skim feeding. Since our primary objective was theodolite
tracki ng of whale groups, we could not reliably note al
behaviors in a given series (i.e., every tine a whale extended a

6-1
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pectoral fin during a 10 mn. period of surface activity).
However, we are confident that we did note all breaches and
surface active behaviors (see Sec. 6.2.1 for a definition of
surface active behavior and see Sec. 7.1.5 of Report No. 5366 for
definitions of individual behaviors). Al though we have not nade
a quantitive conparison between the nunber of behaviors seen
during the 1984 season and the January 1983 season, it is our
overal|l inpression that the two seasons did not differ
significantly.

W enphasi ze that the behaviors described bel ow were rare
occurrences during the southward mgration. W present them here
to illustrate unusual behaviors observed during the southward
m gration.

6.1.2 (hservati ons under control condi tions

The followi ng are narrative descriptions of four groups of
whal es observed during normal conditions. Al'l whal e group posi -
tions are approximate within 100 mand all tines are given to the
nearest m nute.

Possi bl e Feeding - 12 January

G oup FFF (see Fig. 6.1) was a spread out group of three
whal es, first observed at 1407 just north of north site. By 1444
the group was 1.5 km south of Ssoberanes, 2 km offshore. At this
poi nt, one whale in the group was seen with its nmouth open
skimming the surface. A group of about 20 Pacific white-sided
dol phi ns were observed with this group. These dol phins were
presumably a part of a large group (150 to 200) of dol phins off-
shore of group FFF. The cl osest point of approach of these
dol phins to group F¥FF occurred during the surface skinmm ng at
1444 (see Fig. 6.1). At 1450, a nunber of surface active



Q &
~ o
Control Perlod 3
: = I .
© - ot
o
2 5
[Ty .
")
5,
Q w
w )
N
n
~
<
-t n /_//‘0
u ) _@oﬁ © -
[ o
E X
v v o e\ / &
g 0 o T eor
Eo 1450 , & - e
N X & 1444
\ n
Q
- 3
wn
o
[»]
o
n
o
]
Q
I
\n
T
-6.0 -5.0 -4.0 -3.0 -2.0 -1.0 0.0 1.0 2.0 3.0 4.0 5.0

Kilometers North

FIG 6.1. GROUP FFF, POSSIBLE SKIM FEEDI NG WHALES, 12 JANUARY. THE LARGE

GROUP OF PACI FI C WHI TE- SI DED DOLPHI NS | S MOVI NG SOUTH_TO NORTH
OFFSHORE OF GROUP FFF. LOBOS ROCKS ARE | NDI CATED BY THE TWO

SMALL CIRCLES (8),

“Duj UBPWMON pu®B joueaag 37odH



Report No. 5586 Bolt Beranek and Newran Inc.

behavi ors were observed, including rolling at the surface with
dol phins with fluke tips and pectorals visible (vertical flukes
and pectorals). Two nenbers of the group were also seen rolling
ventral surface to ventral surface. This surface active behavior
continued until 1456. What we believe to be surface skim feeding
with dol phins was again observed at 1459 (see Fig. 6.1) . This
was our |ast observation of group FFF which was now 2.7 km south
of Soberanes and 2 kmoffshore. This was the first tinme we have
observed surface skinmm ng.

Sexual Activity - 18 January

Sexual activity (2+ whales rolling with penis seen) was an
uncommon occurrence during both the January 1983 and the 1984
season. The following is a description of one of two sexually
active groups seen during January 1984. Goup F (see Fig. 6.2)
was first observed at 0833, 1.1 kmnorth of north site and
between 2 to 2.5 km offshore. As this group approached north
site, observers could distinguish three parts which were noted as
subgroups ¥1i, F2, and F3. | nt erchange between t hese subgroups
and their distance fromshore nmade it difficult to accurately
determ ne total group size. However, subgroup F2 seened to
remai n stabl e throughout our observations and it was determ ned
that it was conposed of three adults and one calf. Surface
active behaviors were first noted from subgroup F2 at 0844 (see
Fig. 6.2) when they were 0.2 km north of north site and 2 km
of fshore. These behaviors continued until 0907 {see Fig. 6.2)
when F2 was 0.8 km north of Soberanes and 2 km of fshore.
Behaviors included rolling, vertical flukes and pectorals, head-
ups, and tail lashes. An extended penis was seen as one whale
swam si deways. The three subgroups were quite separated as they
appr oached Soberanes and were followed up to 5 km sout h of

Soberanes.
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MIling - 20 January

Al though mlling was observed during both the current field
work and January 1983, the follow ng incident was unusual in the
long during of mlling observed. Goup O conposed of two
whal es, was first observed at 1015, 0.3 kmnorth of north site
and close to shore (see Fig. 6.3). The next sighting of this
group occurred at 1040 when it was |ocated 750 m north of
Soberanes and 700 m offshore. Although this group was not seen
for a 25 min. period, we are confident that it was resighted
because all groups passing north site had been accounted for by
personnel at Soberanes. Goup O stayed in the sane general area
for over 2 hr., until 1242, when it started to nove south again
(see Fig. 6.3). It was l|last seen at 1347, 2 km south of
Soberanes noving slowy and still very close to shore. Duri ng
the entire tine that this group was mlling, only one surface
active behavior (circling with pectoral extended) was recorded.
A semisubmersible ri g playback was started at 1231. This group
spent alnost the entire control period in the sane general area,
only resuming its southward mgration shortly after the start of
a sound pl ayback.

Whal e Group - Boat Interaction - 21 January

G oup AA conposed of three whales, was first seen at 1220,
2.5 km offshore and just north of north site (see Fig. 6.4). At
1239, this group started displaying a variety of behaviors in-
cluding vertical flukes and pectorals rolling, tail slaps, head-
ups, an extended penis. At 1318, a nenber of the group
breached. This was the only tinme during the 1984 field season
that a single breach was integrated with a nunber of surface
active behaviors. During January 1983, such behavior was al so
observed once. Wthin mnutes after the surface activity started
during which, a vertical fluke and an extended penis were seen, a
boat approximately 15 min | ength approached G oup AA.  The boat,
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not a part of our experinental design, stayed with Goup AA for
approximately 17 mn (see Fig. 6.4) . W had the distinct

i npression that the presence of the boat elicited sone of the
observed behavi ors.

6.1.3 (Qoservations under experinmental conditions

Time constraints did not allow us to anal yze each group that
exhi bi ted unusual behavior during experinmental conditions. W
have chosen to provide the followi ng three descriptions as
exanpl es of unconmon behavior and tried to relate this behavi or
to received sound |evel

Nort hward Movenent - 19 January

G oup C, conposed of two to three whales, was first sighted
at 0811 just north of north site and 2.6 km of fshore (see Fig.
6.5). The group was tracked south to a point 1.8 km south of
Soberanes and 2.4 km offshore. At approximately this tine, the
group split and one whale was seen to nove north at 0902 (see
Fig. 6.5). This single whale from G oup C, designated c2 in our
notes, continued to nove north and was | ast tracked at 0940 when
it was 0.3 kmnorth of Soberanes and 1.9 km of f shore. Nort h
station had sightings of €2 but did not track it after this
point. The other part of Goup C, designated O, continued its
sout hward novenent and was | ast seen at 0912, 3 km south of
Soberanes and 2.3 km offshore. A drilling platform playback had
started at 0845 and continued until 1045. At the point when
G oup C2 headed north, the received sound |evel at the whale was

calculated to be 97 dB or 6 dB bel ow t he ambi ent. However, the
received level at the whale when it was |ast spotted with the
theodolite was 112 dB or 9 dB above the anbient. If the nean

speed of novenent of Group C before it separated (x = 6.24 km/hr
£ 1.759, n = 12) is conpared to the nmean speed of C2, the north-
ward noving whale (x = 3.61 + 0.994, n = 7), we find that there
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was a significant drop in speed of the northward noving whal e
(Tg = 4.9462, p < 0.001, 4f = 17). Al t hough the reason for the
turn north of €2 is unknown, this whale did slowits speed as it
noved north toward the general |ocation of the playback source.
The interpretation that an increase in received sound | evel was
responsi bl e for the slower speed nust be viewed with caution as
not all data on northward novi ng whal es has been anal yzed.

Possi bl e Use of a Low Sound Area - 17 Januarv

G oup ZZ7ZZ, conposed of two whales, was first sighted at
1508, 0.6 kmnorth of north site and 1.7 km of fshore (see Fig.
6.6). At this time, a helicopter playback was in progress (1345-
1535). Cbservers at north site noted that one whale was snaller
than the other. At 1512, one of the whales breached, 0.2 km
north of north site and 1.6 km offshore. At this point, the
recei ved sound level at the group was calculated as 99. dB, or in
this case, equal to the measured anbient level. At 1529, the
group was 1.4 kmnorth of Soberanes and 0.9 km of fshore. The
recei ved sound | evel was calculated at 102 dB or 3dB above the
anmbient. Qur next transit reading of the group was at 1544, 0.6
km north of Soberanes and 0.6 km offshore. This position puts
the group just north of a Iine between Soberanes and the vaRrua,
Wi th Lobos Rocks in between. The cal cul ated received sound | evel
at this point was 97 dB or 2 dB bel ow anbi ent. The group stayed
in this same general area, mlling about, until at |east 1623.
The group was | ast seen at 1644, 1 kmto the south of Soberanes
and very close to shore. Bet ween 1629 and the |ast sighting at
1644, the group had cone inshore by approximtely 500 m It is
possi ble to speculate that the group detected the helicopter
pl ayback at the point of the breach and then noved to an area
that would | essen the received sound |evel. However, until in-
depth analysis of mlling groups during experinental conditions
is perfornmed, this interpretation should remain specul ative.
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Breaching - 15 January

During the senmi subnersible rig playback which started at
1248 and ended at 1356, we observed four different groups
breaching. This was an unusual ly high nunber of groups breaching
in arelatively short period of time. The groups were 5.0 km
38km 2.7 km and 2.5 km from the experinental vessel and
therefore were probably not experiencing sound |evels above
anbi ent . Thus, these breaching incidents were probably not
rel ated to the playback stimul us.

6.2 Behavi oral Data Anal ysis Procedures and Results

In this section we present a quantitative comparison ot
various classes of behavi or during experinmental and contro
condi ti ons.

6.2.1 Definitions of behavioral neasures

During the 1984 field season, we were able to distinguish 21
di fferent behaviors. However, since there were very few observa-
tions of nost behaviors, we reduced the various behaviors into
four categories for statistical conparison. The follow ng four
categories of behaviors were used in this year’s analysis with
the original behaviors listed in parenthesis:
1) breach; 2) mlling (circling, mlling, not noving) ; 3) surface

active (head lunge, head up, 10b tail, pectoral extension, roll
surface active, spyhop, tail lash, vertical fluke, unidentified
white-water) ; and 4) change in direction. We chose to consider

breaching as separate from ot her surface active behaviors because
breaching only occurred once during bouts of surface active
behavior in both years.

Most of the behaviors |isted above have been defined in Sec.
7.1.5 of Report No. 5366. Additional definitions include
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a) Head lunge: the head of a whale comes out of the water
at 45° to the water’s surface while traveling.

b) Lobtail: the whale raises its fluke together with a
portion of the tail stock above the water and slaps it
down on the surface.

¢c) Tail lash: the whale raises its fluke (and at tines a
portion of the tail stock) out of the water and makes a
hori zontal slashing notion

For this behavioral analysis, we scored change of direction as
novenent to the E, W, N, NE, or NW  Qher nore subtle changes
(i.e., SE, SW etc.) are best determ ned by the track analysis
program (see Sec. 7).

6.2.2 Statistical conpari sons of behavioral data

In order to anal yze statistically the occurrence of the four
cat egori es of behavior during control and experinental conditions
we first generated a daily chronol ogical list of the occurrence
of four behaviors and separated the time periods by control or
pl ayback condition. Each time period associated with a condition
was divided into a series of 10 min. intervals. Ten mn. periods
were chosen by the start time of the condition. During whol e-day
control periods (8, 12, 16, 18, 21 January), the start tine was
determned as the earliest tine both stations were in opera-
tion. Wen counting the nunber of ten mn. periods, if, at the
end of the day or the playback there was a period of |ess than
10 min., this period was dropped. W only exam ned whet her or
not the behavior occurred in the 10 mn. period not the nunber of
behavi ors by individual groups. ( Exanpl e: 13 January, drilling
pl at form pl ayback 1133-1403, 15 10-min. periods, two breaching
peri ods, 13 no breachi ng periods.) If the same behavior was
perfornmed by the sane group in two adjacent periods, then both of
t hese periods were scored with an occurrence of that behavior

6- 14
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type. For directional changes this was not the case. If a group
was seen noving north, for exanple, for nore than one 10 mn.
period (as was the case for a few groups) only the first 10 mn.
period that the group was observed to nove north was scored as a
di rectional change period. See Tables 6.1 and 6.2 for group
behavi oral sunmaries during experinental and control conditions.

6.2.3 Industrial noise playback results

In this section, we statistically conpare the nunbers of
intervals with and w thout behaviors during the five different
i ndustrial noise playbacks and during appropriate control
conditions. Three different control periods were used. These
are labelled #1, #2, and #3in Table 6.2. The pooled control
period #1 was used for data fornmed by pooling all playbacks while
control periods #2 and #3 were used for all other conparisons of
pl aybacks (see Sec. 7.1.1 for a description of these control
peri ods), Statistical tests used were obtained from sokal and
Rohlf (1969).

Breachina
The nunbers of ten mnute intervals with or w thout breaches

are presented in the first row of Table 6. 1.

To determne if the nunber of breaching periods is indepen-
dent of playback condition, a R x C test of independence was

performed using the G Test. The results show that breaching
periods are independent of playback condition (G = 6.050, 0.1 < p
< 0.5, dfF = 4). Because of this honbgeneity between breaching

across the five playback conditions, we pooled the data for al
experinents as above (18,161) and conpared these to the data for
control periods #1, #2, and #3 (our industrial playback contro
periods) . There was no significant difference between the ratio
of pl ayback breaching periods (18, breach, 157 no breach) and the

6- 15
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TABLE 6. 1.

No. 5586 Bolt Beranek and Newnman | nc.

CROUP BEHAVI ORAL SUMVARY DURI NG THE VARI QUS EXPERI MENTAL CONDI TI ONS.

(See Sec. 6.2.2 for an explanation of how the nunbers were derived.)
. ) single Air Qun Single Air GunSingle Air Gun
I ndustrial Noise Playbacks “Moor ed Transect Drifting

) 10 11 8 3 1.5
Behavi or P.P.* s.8.* DS* D.P.* H.* JAN JAN N.M. N.M. N.M.
Breach 1,32 3,29 6, 30 6,32 2,34 2,35 3,21 0,19 0,8 2,7
Sur f ace
Active 4,29 6, 26 1,35 2,36 0,36 1,36 1,23 2,17 2,6 0,9
Direction
Change 0,33 1,31 0,36 4,34 1,37 1,37 7,17 6,13 0,8 1,8
MI1ing 2,31 0, 32 2,34 0,38 0,37 0,38 0,24 1,18 2,6 2,7
*P.P. = Production Platform S.S. = Senmisubnersible Rig; D.S. = Drillship; D.P. = Drilling

Platform H = Helicopter.

NOTE : Each entry in the table is in a pair of nunbers. The first nunber indicates the

nunber of-ten mnute intervals in which the behavior was observed;
nunber indicates the nunber of intervals in which the behavi or was not

t he second
observed.

HE B N O S Oy mE oy N N O am B AN Ey e Ay e ng ==



e
TABLE 6. 2. GROUP BEHAVI CRAL SUMVARY DURI NG THE VARI QUS CONTROL PERI ODS. -8
g
o
Z
Control Periods 0
8 JAN 8 JAN 8 JAN ek
_ 0915- 1337~ 1530- :
Behavi or s #1 #2 #3 #4 #5 1232 1500 1705
Br each 12,152 10,106 2,46 1,29 6, 86 0, 19 1,7 0,9
Sur f ace
Active 28,136 20,96 8,40 0, 30 13,79 4,15 1,7 0,9
7 Directiona
= Change 11, 153 5,111 6, 42 1,29 2,90 0,19 1,7 0,9
MIling 4,160 3,113 1, 47 1,29 1,91 2,17 0,8 0,9
NOTE : Each entry in the table is in a pair of numbers. The first number

i ndi cates-the nunber of ten ninute intervals in which the behavior was
observed; the second nunber indicates the nunber of intervals in which
t he behavi or was not observed.
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ratio of. breaching periods during the pooled control period #1
(12 breach, 152 no breach; :«ppjy = 0.600, 0.1 < p < 0.5, 4F =1).

Pool ed breaching conpared with control period #2 (10,107) showed
no statistical difference (Gppy; = 0.072, 0.5 < p < 0.9, dF 1).

There was al so no statistical difference between pool ed breaching

during experiments and control period #3 (2,46) (G, 1.186,
0.1 <p< 0.5, dF= 1). we conclude that industrial noise play-

backs did not affect the incidence of breaching periods.

Surface Active Behavi or

The nunbers of ten mnute intervals with or wthout surface
active behaviors are presented in the second row of Table 6. 1.
The surface active, no surface active behavior periods were
pool ed (13,162) and conpared to the pooled control period #1
(28,136). There was a significant difference between the nunber
of surface active periods during playback and the nunber of
pool ed surface active periods during control period #1(Gapg =
6.620, 0.01 < p < 0.025, dr°1l). Most of the surface active
behavi ors during control period #1 occured on 21 January, when
33.3% of the ten nmin. periods (11 out of 33) were surface active
peri ods. Qur last field day, 21 January, was a Saturday and sea
conditions were Beaufort 1. Many small (<10 m) boats were noving
through our study site. On nore than one occasion, we observed
whal e/ boat interactions where the presence of the boat seened to
alter the group’s behavior (see Sec. 6.1 for a narrative descrip-
tion of one such incident).

To determne if the nunber of surface active” behavior
peri ods is independent of playback condition, a R x C test of
i ndependence using the G Test was done. The results show that
the surface active behavior periods are not independent of
pl ayback condition (G = 12.536, 0.01 < p < 0.025, 4F = 4). In
order to determ ne what playback stinmulus (or stinmuli) caused

6- 18
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this heterogeneity, an a posteriori test by STP for honbgeneity
was done. When Production Platform Semisubmersible Rig,

Drilling Platformand Drillship were tested together they were
honogeneous (G, = 6.282, below the X' value of 9.488 at the 0.05
level for dfF = 4). Het erogeneity occurs when the data fromthe
Hel i copter playback is added. If the nunber of surface active
behavi or periods during the Sem subnersible Rig condition are not
included in the test, the results for the remaining four playback
types are also honpogeneous. This result shows that the nunber of
surface active behaviors during the Semisubmersible Ri g condition
(6,26) was significantly higher than during the Helicopter
condition (0,36). Wen we plotted the positions of the surface
active whal e groups on 20 January during the Sem subnersible R g
condition (five out of the six ten mn. periods are during this
particul ar pl ayback), none of the groups were experiencing

recei ved sound | evel s over anbient when their surface activity
started. This shows that the playback probably was not

responsi ble for the increased surface activity.

Because of this heterogeneity in surface active periods
during pool ed pl ayback conditions, conparisons were nade between
the two honpbgeneous conbinations of playbacks. Surface action
peri ods during Production Platform Sem subnersible Rig
Drillship and Drilling Platformwere pooled to formthe first
conbi nation called sal (for Surface Active 1). Surface active
periods during Production Platform bpDrillship, Drilling Platform
and Helicopter were pooled to formthe second conbi nation called
SA2 (for Surface Active 2). Surface active periods during sal
and SA2 were conpared to control periods #2 and #3. There was no
significant difference in the nunber of surface active behavior
peri ods between sAl (13,126) and control period #2 (20, 96)

(eppy = 2.818, 0.05 < p <0.5 dF = 0.1). There was also no
significant difference in the nunber of surface active behavior
periods between sAl and control period #3 (8,40) (Gapy = 1.174,
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0.1 < p< 0.5, dF= 1). However, when a conparison is made

bet ween SA2 (7,136) and control period #2, there was a
significant difference in the nunber of surface active behavior
periods (Gppy = 9.292. 0.001 < p < 0.005, 4F = 1). There was
also a significant difference between SA2 and control period #3,
al though not as great as between SA2 and control Period #2 (G,
= 4.692, 0.025 < p < 0.05, dF =1). The results are difficult to
I nterpret. It is not clear whether or not our control period
data base was biased on 21 January because of small boat

traffic. More data is needed on surface active behavior during
control and experinmental conditions to nmake concl usions regarding
the affect of industrial noise playbacks on this behavioral

cat egory.

Directi on Change

The nunbers of ten minute intervals with or without direc-
tion change are presented in the third row of Table 6.1. The
di rection change, no direction change peri ods were pooled (6, 169)
and conpared to the pooled control period #1 (11,153). There was
no significant difference between the nunber of playback direc-
ti on change periods and the nunber of direction changes during
control period #1 (G, = 1.290, 0.1 < p < 0.5, dF = 1).

To determne if the nunber of direction change periods is
i ndependent of playback conditions, a R x C test of independence
using the G Test was perforned. The results show that direction
change periods are not independent of playback condition (G =
8.654, 0.001 < p < 0.005, dF = 4). By i nspection (see Table
6.1), the relatively higher nunber of direction change periods
during the prilling Platform playback is responsible for this
het erogeneity. Wien the received sound | evel at the four whale
groups who changed direction is calculated, only two of the
groups were experiencing sound | evels above anbient and the sound

6- 20
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| evel for one of these groups was only 1 4B above anbient. G oup
UU2 on 13 January was, however, experiencing received sound

| evel s of 111 4B (11 dB above anbient). Because of this result
it is difficult to assign a cause for this relatively |arge
nunber of direction changes during the Drilling Platform playback
condition (or, conversely, the | ow nunber of direction change
periods during the other four playback conditions). For this
reason, conparisons between direction change periods during

pl aybacks with control periods #2 and #3 were not perforned.

MI1ling

The nunbers of ten mnute intervals with or without mlling,
are presented in the fourth row of Table 6.1. The mlling, no
mlling periods were pooled (4,171) and conpared to the pooled
control period #1 (4,160). There was no significant difference
bet ween the nunber of playback mlling periodas and the nunber of
mlling periods during the pooled control period #1 (Gppg =
0.068, 0.5 <p <0.9, aF =1).

Because of the | ow nunber of mlling periods during playback
conditions and during control periods #2(3,113) and #3 (1, 47),
statistical conparisons were not nade. Based on our limted
nunber of mlling observations during control and experi nental
condi tions, ‘we conclude that industrial noise playbacks did not
cause whale groups to mll. Mre data is needed, however, to
reach solid conclusions regarding the effect of industrial noise
pl aybacks on whal e groups using mlling behavior as an indicator.

6.2.4 Moored air gun results

In this section we statistically conpare the nunbers of
intervals with and wi thout behaviors during the noored air gun
experiments and during appropriate control conditions. Two
different control conditions were used. These are labelled #4
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and #5 in Table 6.2 and are discussed in nore detail in Sec.
7.2.1. Control period #4 consists of tracks from control periods
during the two days of noored air gun experinents 10 and 11
January 1984. Control period #5 consists of tracks fromthe two
control days (VARUA not present), 8 and 12 January, flanking the
air gun experiments.

Breaching

During the noored air gun experinents on 10 January, there
were two ten minute intervals with breaches and 35 w thout
breaches. ‘During the experinments on 11 January, there were three
intervals with breaches and 21 w thout. There is no significant
di fference between the nunber of breaching periods on 10 January
and 11 January (G, = 0.254, 0.5 < 0.9, dF = 1). Because of
this simlarity for breaching during the two noored single air
gun experinmental days, the data were pooled the data (5 with
breaches, 56 wi thout breaches) and conpared these values with
control period #4. There was no significant difference between.
the nunber of noored air gun breaching periods and the nunber of
breaching periods during control period #4 (1,29) (Gapy 0.192,
0.5 <p< 0.9, dF= 1). There was also no significant difference
bet ween the nunber of noored air gun breaching periods and
control period #5 (6,86) (Gapy = 0.006, 0.975 < p < 0.9, d¥r = 1).
We conclude that the noored single air gun did not affect the
i nci dence of breaching periods. However, sanple sizes are |ow.

Surface Active Behavi or

The followi ng data cover the nunber of ten m nute periods
(surface active, no surface active behavior) for the two days of
noored single air gun experinents: 10 January {(1,36) and 11
January (1,23). Because of the low nunber of surface active ten
m nute periods, a statistical conparison between the two days
could not be made. However, by inspection, there is virtually no
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di fference between these two experinmental periods so they were
pool ed for conparison with control periods #4 and #5. A
statistical conparison between the pool ed, noored single air gun
surface active behavior periods (2,59) and control period #4
could not be nade because there were no surface active periods
during control period #4 (0, 30). However, there was a
significant difference between the nunber of noored single air
gun surface active periods and the nunmber of surface active
periods during control period #5 (13,79) (Gppy 4.162, 0.025 < P
< 0.05, dfF =1). A possible interpretation of this result is
that surface activity was reduced by the noored single air gun
experi ments. However, this interpretation requires validation.

Di recti on Change

The follow ng data present the nunber of 10 mn. periods
with or without direction change for the two days of noored
single air gun experinents: 10 January (1,36) and 11 January
(7,17), There is a significant difference between the nunber of
direction change periods on 10 January and 11 January (Gppj =
6.814, 0.005 < p <0.01): On 11 January there were nore whale
groups changing direction than on 10 January. In order to attenpt
to explain this difference, a nunber of factors were exam ned.

One possible explanation is differential view ng conditions
at North and Soberanes stations. oOn 10 January, Soberanes had
poor to fair viewing condition all day (see Table 4.2). These
poor conditions could account for the |ow nunber of direction
changes observed on 10 January. Another possible explanation is
the difference in whale group size for the two days. The nean
si ze of whal e groups exposed to noored single air gun experi-
mental conditions on 10 January during the norning experinent
(0850-1200) was x = 2.58, £1.283, n = 24. During the 11 January
noored single air gun experiment (OO 1100 . nean group size
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was X = 3.04, +1.644, n = 28; the mean group size on 11 January
is significantly greater than the nmean group size on 10 January
(Ts = 2.6818, 0.02 < p <0.01, aF = 50). wWe chose to |ook only
at the norning experinments because six out of the seven direction
change 10 min. periods occurred during the 0900-1100 experi nment
on 11 January. Although we have not quantitatively associ ated
direction changing with group size during control periods, it is
our inpression that larger groups are involved in direction
changes nore often than snaller groups. The significant
difference in direction change 10 mn. periods between 10 January
and 11 January may possibly be group size related. A third
possi bl e explanation is the distance of mgrants from shore on
the two days. The statistical conparisons between the 10th and
the 11th noored single air gun condition showed no significant

di fference in distance offshore for grid crossings 4.0 to -3.0
(see Sec. 7 for a conplete discussion of-grid crossings and
results of statistical tests). However, an exam nation of the
nmean di stance from shore for these two days at grid crossings 4.0
to -3.0 shows that on 11 January the whal e groups were, on
average, 0.1 to 0.2 kmcloser to shore, an indication that their
sound exposure |levels would be slightly higher.

A firmconclusion as to the differences in direction change
10 min. periods on these two noored single air gun experinent
days is, however, not possible, given the |limted anount of data.

Because of the difference in direction change 10 m n.
periods on 10 and 11 January, each of these days was conpared to
the two control periods (#4 and #5). The small nunber of
direction change periods on 10 January and control periods #4
(1,29) and #5 (2,90) made statistical conparisons inpossible.
However, inspection reveals no obvious differences. There is a
significant difference between noored single air gun direction

change periods on 11 January and control period #4 (1,29) (Gpapy =
\
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5.356, 0.01 < p < 0.025, 4F = 1). The significance |evel
i ncreases when the 11 January data are conpared to control period
#5 (G, = 12.302, p < 0.001, dF = 2).

Milling

The low instances of mlling 10 mn. periods during both
control and experinmental conditions nmake statistical conparisons
inpossible . MI1ling was not observed during the noored single
air gun experinent and when control periods #4 and #5 are pool ed,
there were only 2,10 min. mlling periods as opposed to 120 no
mlling periods.

6.2.5 Moving air gun results

Because of the | ow nunber of 10 m n. periods during both the
1.5 n.m. drifting air gun experinment and the control period (8
January 1530-1705), statistical conparisons could not be made.
However, on inspection of the raw data (see Tables 6.1 and 6.2),
no trend seens to be evident.

6.3 Summary

The following is a summary of the analysis of the four
categori es of whale group behavior during the two types of
experimental conditions exam ned.

6.3.1 Industrial noise playback condi ti on

The incidence of breaching and mlling periods during the
five industrial noise playbacks were not significantly different.
There was al so no significant difference when these two behavi oral

categories were conpared to the control periods. The mlling
period sanple was, however, very small.
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There were significantly nore surface active behavi or
peri ods during the Sernisubnersible Rig playback. This result
could not be explained in terns of sound exposure level. \Wen
t he pool ed pl aybacks wi thout the Sem subnersible R g data was
conpared to the control periods #2 and #3, there was a
significant |ower nunber of surface active periods. However
when the pool ed playbacks with Sem subnersible R g data (but
wi t hout Helicopter data) were conpared to the two contro
conditions, no significant difference was found.

The incidence of direction change periods during the five
pl aybacks was significantly different with a high nunber of
direction changes during the Drilling Platform playback. This
result could not be explained in ternms of sound exposure |evel.
There was no significant difference when the pool ed pl ayback,
direction change periods was conpared to control period #1.

6.3.2 Moored air gun condition

The incidence of breaching periods during the two noored air
gun experinents was not significantly different. Al so, there was
no significant difference in breaching periods when these experi -
nmental days were pool ed and conpared to each of the control
periods. There was no difference in the nunber of surface active
periods during the two experinental days. However, in conparing
the pooled data to control period #5, there was a significantly
| ower nunber of surface active behaviors during experinental
condi ti ons.

There were many direction change periods during experinental
conditions on 11 January and possi ble explanations are offered in

Sec. 6.2.4.
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We observed no mlling behavior during the noored single air

gun experinments and only two incidents were observed during both
control periods.

6.4 Concl usi ons

The primary data collection and analysis effort of this
study was centered on whale group tracks (see Sec. 7). However ,
an effort was nade to note whal e group behavi ors during control
and experi.nmental conditions. CQur four behavioral categories
proved useful in a prelimnary assessnent of playbacks on
mgratory gray whales, and sone clear results were obtained for
breachi ng peri ods. Future studi es shoul d exam ne behavi ora
patterns under control conditions to determ ne the extent of
diurnal, seasonal, or between season variations. Variation of
t hese behaviors with group size should al so be exam ned.
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7. TRACK DATA ANALYSI S PROCEDURES AND RESULTS

The two shore stations were staffed with four observers
each, which permitted us to consistently note general group be-
haviors as well as track group novenents with the theodolite.
Because of the | arge nunber of whales, we did not attenpt to
gather any data on respiration rates or blow intervals. Despite
the efforts at collecting behavioral data, there were relatively
few behavi ors observed other than swi nming (see Sec. 6).
Therefore, the najor analysis effort is based upon theodolite
data which provides information on the swi mm ng patterns or
tracks of the whales.

Track data provide a set of points (x,,y;). . . (X Y )
associated with tine representing the |ocations at which a group
was si ght ed. From t hese we cal cul ated si x neasures of sw nmm ng
noverrent following the procedures given in Report No. 5366.
These neasures were track deflection (D), distance from shore
(Dghore) s SWming speed (S), mlling index (MI), course bearing
(CB), and VARUA bearing (VB).

7.1 Results of Track Deflection Analysis

7.1.1 Description of control and playback periods

As discussed in Sec. 4, the experinmental period of this
study began with the noving single air gun experinents on 9
January and continued with stationary air gun experinments on 10
and 11 January. This was followed by 15 sound pl ayback experi -
ments conducted from 13 to 20 January. There were three noving
air gun experinments conducted at 8, 3, and 1.5 nm from shore and
lasting 3.3, 1.4, and 1.5 hrs, respectively. OnMng to tine
constraints on our use of the air gun vessel, the two days
followi ng the nmoving air gun experinments were devoted to noored
air gun experinents. Si x experinments were run |asting anywhere
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from27 mnto 3 hrs and 10 mn. For the industrial sound

pl ayback experinments, three 2 hr playback sessions were perforned
for each of the five industrial ‘sound stimuli. These playback
stimuli were presented according to the schedule in Table 4.3.

By this schedul e, playbacks were distributed throughout each of
six days within the eight day playback period.

The track deflection analysis (see Report 5366, Sec. 7.1.1
for a full description of this progran) was designed to separate
each track into pre-exposure intervals, when whales are far to
the north of the VARUA, exposure intervals of increasing received
| evel s as the whal es approach the sound source, decreasing |evels
as the whal es pass the varua, and post-exposure intervals as the
whal es are noving away from and outside of the playback range.
The strength of this approach was that each group could serve as
its own control since we could conpare tracks fromthe pre-
exposure and post-exposure areas with tracks fromw thin the
exposure area. Wth two shorebased observation stations it was
hoped that the range over which whales were tracked woul d be
greater than the projection range of the source during industrial
sound pl ayback.

However, as will be seen in a later part of this section,
responses were observed at the extrenes of our observation ranges
near the O dB S/N | evel of the playback signal. Thus, the anount
of pre-exposure and post-exposure control data within an experi -
mental period was limted by the difficulty of tracking whal es at
di stances of greater than 3 kmfrom either of the observation
stations. Table 7.1 shows the total nunber of tracks at each y
grid interval for the various test and control conditions. As
Table 7.1 indicates, there were very few track crossings at +4,
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TABLE 7.1a. TOTAL NUMBER OF TRACK SAMPLES FOR EACH Y COORDI NATE GRI D CROSSI NG

PLAYBACK TEST AND CONTROL PERI ODS. ?.?
g
Gid Al 1 Cont r ol Cont r ol Control o
Crossing Pl aybacks #1 DP DS Ss H PP #2 #3 &
4 5 3 1 2 1 1 0 0 3 w
3 53 24 16 12 3 16 6 14 10 %
2 169 105 46 27 26 42 24 75 30
1 237 184 64 41 43 50 35 128 56
0.5 241 194 70 43 41 50 35 128 56
0 241 191 68 41 40 49 39 133 58
-0.5 237 194 66 34 42 48 40 129 65
-1 210 182 62 12 38 42 33 114 68
~ -2 118 117 38 3 27 14 26 69 48
W -3 35 47 10 1 9 0 13 20 27
-4 1.2 19 0 0 5 0 5 0 0
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+3, -3, or -4 kmconpared to the nunber of crossings at closer
ranges. These snmal|l sanple sizes at the extrenmes often precl uded
the effective use of pre-exposure or post-exposure track data for
statistical analysis.

Both for this reason and for conparison of responses under
potentially disturbed conditions with those of conpletely un-
di sturbed mgrating whales, five control periods were con-
struct ed. These five control periods and the five experinental
conditions against ‘which they were conpared are given bel ow

Control Period #l: The track data fromthe four non-
experinental days (12, 16, and 21 January, no boat present;
18 January, boat present but not operating) that were within one
day of any of the industrial sound playback experinments were
pool ed for conparison with the pooled results fromthose 15
experimental periods.

Control Period #2: The track data for 12, 16, and 21
January (no boat present) were pooled for conparison with each of
the five pooled experinmental playback types.

Control Period #3: The track data for 18 January (boat
present, no experinments) was used for conparison with the pooled
data for each of the five experinental playback types.

Control Period #4: The track data fromthe control periods
on 10 and 11 January (boat present, conpressors running) were
pool ed for conparison to the pool ed noored air gun experinments on
t hose sane dates.

Control Period #5: The track data for 8 and 12 January (no
boat present) were pooled for conparison with the pool ed noored
air gun experinents on 10 and 11 January.
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For several of the experinental types there were differences
in our estimates of the range to O dB S/N.  These discrepancies
were due to variations in anbient noise conditions during the
different experiments. Therefore, a further set of conparisons
were made between track data for the sane experinental condition
on different days. In these cases, we conpared the pl ayback
peri ods agai nst matched control periods selected either from
before or after the playback or froman adjacent day with an
identical time w ndow as the playback period. The notion was
that if an effect was observed for a playback with a | arge broad-
cast (OdB S/IN) range, then a simlar but nore confined effect
m ght al so be observed for the playback with a small broadcast
(OdB S/IN) range. W performed such conparisons for each of two
Drillship, Helicopter and Sem subnersi ble R g playbacks.

Two matched control periods were constructed for the three
noving air gun experinents conducted on 9 January. The control
period for the 8 nm experinent was from 8 January, 0900-1200
hrs. The control period for the 3.0 and 1.5 nm experinents was
from 8 January, 1300-1600 hrs.

7.1.2 Variations in neasures during control conditions

Anal ysis of Wthin-day Variation

As nentioned previously, the neasure D,jis sinply a whale
group’s distance, Y, fromthe x-axis, interpolated at each grid
line that a whale group crosses. Since the x-axis is set
parallel to a linear regression of the coastline, nmotion in the Y
direction constitutes a nmeasure of track deflection. The neasure
‘shore + Tepresenting the nininum distance between each grid point
(Xgrid and Ygrid) and the shore, was also calculated. This
nmeasure was included in order to check whether whal es were
followi ng the contour of the coastline instead of following a
fairly constant course heading.
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Since the effects of experinmentation are nade evident by
conmparisons with control periods, an exhaustive analysis of those
controls was perforned. For this, we conpared track data between
each pair of days when either no experinental boats were present
or boats were present but not operating. W also conpared norn-
ing track data with afternoon track data fromthe sane day in
order to test for diurnal effects. These anal yses indicate that
there are significant day-to-day variations in sonme of the track
scores . W did not find any diurnal effects. The daily varia-
tions are nost evident in the distances fromthe x-axis, D, and
the speeds at ‘which whales were traveling, with Dsh, values
mrroring Dy,'s and M and CB showing very little between-day
variation. Interestingly enough, day-to-day changes in both
di stances off shore and speeds were noticed by observers in the
field.

As a nmeans of denonstrating between-day variability for the
five control days, all possible pairw se conbinations of dis-
tributions between days were tested. Table 7.2 verbally
summarizes the results of these 495 tests.

overall, whales on 8 January tended to travel further off-
shore and swmfaster than whales on any of the other four
control days. VWales on 12 January were further offshore than
whal es on 16, 18, or 21 January. Wales on 16 January tended to
swm faster than whales on 12, 18, or 21 January. In general,
di fferences between days were not restricted to zones in the 1.0
to -1.0 kmgrid areas but were uniformthroughout the entire
range of observations. In other words, if whales were sw nmm ng
rapidly and far offshore at the 3.0 to 4.0 kmgrid lines they
were also swnmng rapidly and far offshore at all other grid
lines. This result indicates that within any control day all the
scores used to characterize group tracks remained rel atively
stable over the entire tracking range.
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TABLE 7.2 COVWPARI SON OF CONTROL DAY DI STANCE, SPEED MEASURES

Jan.

12

16

18

21

Ref erence Control Day

8

faster/
further
of f shore

faster/
further
of f shore

faster/
further
of f shore

faster/
further
of f shore

12

——

sl ower/
further

of f shore

speeds
simlar\
further
of f shore

faster/

further
of f shore

7-8

16

faster/
further
i nshore

faster/
DS
S¥milar

faster/
's
gymilar

21
speeds
simlar/

further
i nshore

sl ower/

Ak
Similar

speeds
simlar/

D.'s
S%milar
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A neasure of track stability within a day is gained by a
pai rwi se statistical conparison between that day’s distributions
at different grid lines or pairs of grid intervals for the sane
day. Table 7.3 shows a tally of the nunber of occurrences of
significant differences between pairs of distributions for each
of the five neasures on each of the five control days. The nunber
in the nunmerator indicates the nunber of significant test results,
whil e the nunber in the denom nator indicates the total nunber of
tests performed. This represents the results of 995 tests. At
the 5% significance |evel, we should expect, by chance, approxi -
mately 50 tests to be significant, when in fact we found 101
si gni ficance.

In review ng where differences within a day’'s scores
occurred, it was found that 69 occurred ‘when one of the distribu-
tions was froma distance of greater than £+ 3 kmfromthe origin
of our coordinate system( i.e. , the VARUA playback |ocation).
These di stances represent the extrenmes of our observation range
where sanple sizes are small and sighting errors are greatest
t hereby producing the greatest variances in all the track
scores. Table 7.4 shows the tally of the nunber of occurrences
of significant differences between pairs of distributions when
only scores within the + 3 kmgrid boundaries are consi dered.

The total of 32 significant differences out of 770 tests is close
to the expected nunber of 38 significant differences due to
chance alone (5% x 770).

Thus, within-day variations were not significant for
di stances of 3 kmor |less and daily scores for any of the five
track nmeasures were very stable throughout this observation
range. We enphasize this point of within day stability for
control days since it will serve as the backdrop agai nst which
all the experinmental periods will be conpared.
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TABLE 7. 3.

Dat e

12
16
18

21

Total s

5586

Bolt Beranek and Newman | nc.

ANALYSI S oF W TH N- DAY TRACK HOMOGENEI TY.

1/ 45
15/ 45
0/ 36
7/ 55
0/ 45

23/ 226

Fi ve Track Measures

Dg S
7/ 45 2/ 36
17/ 45 0/ 36
2/ 36 6/ 28
12/55 0/ 45
0/ 45 0/ 36
38/ 226 8/ 181
7-10

M

1/ 36
0/ 36
1/ 28
3/ 45
2/ 36

7/ 181

CB

4/ 36
2/ 36
41" 28
15/45
0/ 36

25/ 181
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TABLE 7.4. ANALYSIS OF WTH N DAY TRACK HOMOGENEI TY @ < £ 3 km

Fi ve Track Measures

Dat e Ly Dg S M CB

8 0/ 36 0/ 36 2/ 28 1/ 28 0/ 28

12 4/ 36 2/ 36 0/28 0/ 28 2/ 28

16 0/ 28 2/' 28 0/ 21 1/ 21 0/ 21

18 3/ 45 3/ 45 0/ 36 3/ 36 7/ 36

21 0/ 36 0/ 36 0/ 28 2/ 28 0/ 28
Total s 7/181 7/ 181 2/136 7/ 136 9/ 136
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Anal ysis of Control Period Variation

Control Period #1: Since control days were distributed
t hroughout the period of playback experinments and w thin day
variation was small, all four non-experinental days (12, 16, 18,
and 21 January) were pooled. This provided an overall picture of
normal mgratory tracks during the period when industrial play-
backs were conducted. Wen we tested these pooled data for
honogeneity of track neasures by making conparisons between
distributions at different grid lines or pairs of grid intervals
at < 3 km there were a total of 11 significant (p < 0.05)
di fferences out of a total of 198 tests as shown bel ow

Anal ysis of Control Period #1 Homogeniety

v Dg s MI CB

2/45 6/45 1/36 2/36 6/36

Again, this denonstrates the stability wthin the pool ed data
from these four control days, with D, Speed, and M representing
the nost stable neasures.

Figures B.10 and B.11 in Appendix B illustrate the DY
distributions for these pooled data. Fromthese figures a second
critical characteristic of control days energes: distributions
of D}, do not display flattening or concavity in their slopes.
This indicates that whales were not avoiding the area where the
VARUA or Cheyenne Arrow would have been stationed during an
experi nment. In fact, the primary swinmng corridor (the 25% to
75% band in the distributions) is centered at +240 mrelative to
the position of the VARUA. In other words, when the boats were
not present, the majority of whales would sw m through the
i medi ate area where the boats were stationed during any of the
experi ments.
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Control Periods #2 and #3: The control period #1 just
descri bed was broken into two separate control periods, #2 and
#3* Control period #2 consisted of the pooled track data from
12, 16, and 21 January, the three days when no boats were
present. Control period #3 consisted of the single day, 18
January, when VARUA was at her wusual playback |ocation but no
pl aybacks were run. As was nentioned previously, 18 January
track scores were simlar to those for the 16 and 21 of
January. Variations between distributions within the three
pool ed days in control #2 are small. The follow ng analysis
shows the nunber of significant differences between pairs of
distributions for all grids and for grids <3 kmfromthe origin

Analysis of Control Period #2

v Ds S M CB
Al grids 1/ 45 16/ 45 2/ 36 0/ 36 2/ 36
<3km /36 2/ 36 0/28 0/ 28 2/ 28

Again, all of the five neasures are stable wthin the contro
period #2.

Vari ations between distributions for 18 January are al so
small. The follow ng anal ysis shows the nunber of significant
di fferences between all pairs of distributions and between pairs
at grid lines within £ 3 kmof the VARUA

Anal ysis of Control Period #3

v Dg S MI CB

All grids 7/ 55 12/ 55 0/ 45 3/ 45 15/45

<3km 3/ 45 3/ 45 0/ 36 3/ 36 7/ 45
7-13
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Except for Conpass Bearing (CB), all neasures are stable
within the Control’ period #3 at distances of +£3km from the
VARUA .

Conpari son of Control Period #2 and Control Period #3

Since control periods #2 and #3 will be conpared with the
same experinental periods, they were al so conpared agai nst each
ot her. The follow ng conpari son shows the nunber of significant
di fferences when all possible pairs of distributions were com
pared for the two controls.

Conpari son Between Control Periods #2 and #3y

D D S M CB vB

Y s
Al grids 0/ 10 0/ 10 1/9 1/9 0/ 9 0/9

These results indicate that these two control periods are
very simlar to each other for all six track neasures strongly
suggesting that whales did not respond to the VARUA when she was
on site with no playback equi pnment operati ng. Noti ce that the
VARUA bearing (VB) is now included since tracks fromdifferent

days are now being conpared at the sanme grid lines or grid
i ntervals.

Control Period #4, Air gun Control 10 and 11 January

Four time periods from 10 and 11 January were pool ed to nake
one of the two Air gun Control periods. these tines were from
1230- 1330 on 10 January, and from 800-900, 1130-1300, and 1530-
1700 on 11 January. These control data did not include the 05
hour period i mediately following an air gun experinment. Wen we
tested for the significance of differences between distributions
at different grid [ines and grid intervals within these pool ed
data at < 3 kmfromthe origin, a total of 42 out of 156 tests
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were significant. The follow ng anal ysis shows the breakdown of

t hese significance by neasure type.
Anal ysis of Control Period #4

Cy Dg S M CB
All grids 23/45 26/ 45 4/ 36 6/ 36 2/ 36
<3km 17/ 36 18/ 36 0/ 28 5/ 28 2/ 28

This table indicates that Dy and Ds were highly variable
within the pooled data. The reason for this is that the dis-
tributions for these two nmeasures at grid crossings north of the
VARUA were significantly different than the grid crossings south
of the VARUA (see Appendix B, Fig. B.18). This point will be
di scussed when we conpare this control period with the results
fromthe air gun experinents conducted on these same days.

Control Period #5; 8 and 12 January Pool ed

The two days, 8 and 12 January, that bracketed the three
days of air gun experinents, were pooled as a second Air gun
Control. Wien we tested for the significance of differences
between distributions at all possible pairw se conbinations of
grid lines and grid intervals within these pooled data, a total
of 20 out of 198 tests were significant. \Wen only data at
< 3 kmfromthe origin were considered, a total of 11 out of 156
tests were significant. The follow ng analysis shows the break-
down of these significance by neasure type.

Analysis of Control Period #5

Ly Ds S M CB

Al grids 2/ 45 9/ 45 8/ 36 1/ 36 0/ 36

<3km 1/ 36 1/36 8/ 28 1/ 28 0/ 28
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This table indicates that Speed was quite variable wthin
t hese pooled data. The reason for this is that speeds at grid
intervals 1.0 to 0.5 kmwere slower conpared to speeds at al
grid intervals south of that. As nentioned previously (see Table
7.2), SWi mm ng speeds on 8 January were unusually high throughout
all grid intervals. This coupled with the fact that sw nm ng
speeds on 12 January were increasing fromnorth to south,
resulted in the non-honogeneous distributions for Speed in the
pool ed data for these two days. In contrast to Speed, all the
ot her four measures were quite stable within Control Period #5.

Conpari son of Control Period #4 and Control Period #5

Since Control periods #4 and #5 will be conpared with the
same experinmental period, they were al so conpared agai nst each
other. The follow ng conparison shows the nunber of significant
di fferences when all possible pairs of distributions were com
pared for the two controls.

Conpari son Between Control Periods #4 and #5

Dy Ds s MI CB VB
All grids 1/9 1/9 218 0/8 1/8 0/8

These results indicate that these two control periods are
very simlar to each other for all six track nmeasures. Again
notice that the VARUA bearing (VB) is now included since tracks
fromdifferent days are being conpared at the same grid lines or
grid intervals.

7.1.3 Pool ed responses to all playback stimuli as conpared to
Control Period #1

Table 75lists the significant differences between the
distributions of four track nmeasures after all 15 industria
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TABLE 7.5. POOLED PLAYBACK RESULTS COVPARED W TH CONTROL PERI OD

Gid
Crossi ng Track Cour se VARUA
{km) Def | ecti on Speed Beari ng Beari ng
4 NS
NS ¥s NS
3 NS
O. OLO<P<O. 25 NS NS
2 NS
NS NS NS
1 O. OLO<P<O. 25
NS NS p<0.001
0.5 p<0.001
NS Ns p<0.001
0 p<0.001
NS NS NS
-0.5 p<0.001
NS NS p<0.001
-1 p<0.001
NS NS 0. 02 <p<o. 05
-2 p<0.001
O. OLO<P<O. 25 NS 0.02 <p<o.05
-3 NS
NS NS NS
-4 NS
Not es: - = No Data

NS = Not Significant

D, and speed were tested by the Kolmogorov-Smirnov two
sgmple test, while course bearing andVARUA bearing were
tested by the Watson’s Utwo sanple test. was
nmeasured at grid crossings, so D, statistics are listed on
the sane line as the grid crossixg. The other three
nmeasures were obtained fromintervals between adjacent
grids, so they are listed on the Iine between those for

adj acent grid crossings. NS stands for Not Significant

(p > 0.05 that sanples cane fromthe sane popul ation).
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pl ayback results were pooled and conpared to the Control Period
#1. Dy, and Speed were tested by the Kolmogorov-Smirnov two sanple
test, while Course Bearing and VARUA Bearing were tested by the

Watson's U’two sanple test.

Six grid crossings, between +1.0 and -2.0 km showed
significant differences for the D neasure. Two grid intervals,
at 30to 20%km and -20t o -3.0km showed significant differ-
ences for Speed. Five grid intervals, between 1.0 to 0.0 km and
between -0.5t o -3.0km showed significant differences for VARUA
Beari ng.

The interpretation of the inportance of these significant
differences is aided by the analysis of the distributions wthin
Control Period #1 as presented in the previous subsection 7.2.2.
There, we determ ned that neasures D, S, and M were very stable
within Control Period #1. Furthernore, if a simlar wthin-sanple
analysis is perforned on the pooled data for all 15 playback
experinents, we find that although nmeasures S and M are quite
stable, the measure of track deflection, Dy, is not stable. In
fact, 12 of the 36 intergrid tests of D, are significant as
fol | ows:

Grid Interval p Val ue

3.0Vs 0.0 0.010 <p < 0.025
30Vs -0.5 0.010 <p < 0.025
3.0 Vs -2.0 0.010 < p < 0.010
2.0 Vs 005 0.005 < p < 0.005
2.0 Vs -0.5 p < 0.001
2.0 vs -1.0 p < 0.001
2.0 Vs -2.0 p< 0.001
1.0 Vs 0.0 0.010 <p < 0.025
1.0 Vs -0.5 0.005 <p < 0.010
1.0 Vs -1.0 0.001 <p < 0.005
1.0 Vs -2.0 0.001 <p < 0.005
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These results coupled with the fact that the significant
di fferences for Dy, as present ed in Table 7.5, conme in clusters,
strongly suggest that the differences in DY bet ween the Contr ol
Period # and the Pool ed experinents are robust and real. These
results show that as whal es approached the playback area they

defl ected around the source starting at 3.0 kmnorth of the VARUA

The inportance of the two significant differences in Speed as
listed in Table 7.5 are not clear since within the pool ed experi-
ments Speed was quite stable. Al though whal es sl ow down during
i ndustrial playback relative to the control period when they are
30to 20km north and 2.0 to 3.0 km south of the source, they
did not slow down relative to other grid intervals during the
experi ments.

The five significant differences for VARUA Bearing listed in
Table 75further reflect the results from the test on D. A
conparison of the bearings and | engths of the mean vectors for
these significant VARUA Bearings are given as follows:

Contr ol All Experinents

Gid Interval Length  Bearing Length  Bearing
1.0 0.5 . 8527 11° . 8245 20°
0.5 0.0 . 7214 17° . 6832 32°
-0.5 -1.0 . 0762 165° . 7089 150°
-1.0 -2.0 . 8848 168° . 8514 161°
-2.0 -3.0 . 9645 174" . 9254 174"

Except for the -0.5 to -1.0 interval, whales were |less oriented
during the experinental transitions than they were during the
control, as exenplified by the lower values of the lengths of the
mean vector. The higher values of the bearing angle north of the
VARUA and the |ower values of the bearing angle south of the VARUA
during experinents indicates that the whales were crossing the
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grid lines further away (in this case offshore) fromthe VARUA
This last result is identical to the results of the tests of Dy
di stributions showi ng avoi dance of the playback area.

In summary, these results strongly indicate that whal es
avoi ded the area of the playback source. Thi s avoi dance was
evi denced by significant track deflections at ranges of up to 1.0
km north of the source with recovery to nornmal track courses by
3.0km south of the source, As whal es approach the playback
source, they begin to deflect around it starting at about 3 km
away. An illustration of this effect is shown in Fig. 7.1 where
10% 25% 50% 75% and 90% contours of whale tracks are
superi nposed on a map of the study area.

7.1.4 Responses to playback stimuli, pooled by type, as conpared
to Control Periods #2 and #3

The above results denonstrate that playback of industrial
sounds affects the mgratory sw nm ng behavi or of gray whal es, but
these results do not provide insight into how each of the differ-
ent industrial stimuli affect the whales’ behavior. In order to
ascertain what effect each of the five industrial sound pl ayback
types had on the whales, the results fromthe three playbacks of
the sanme type were pool ed and conpared to Control Periods #2 and
#3.

Responses to the Drilling pPlatform Stinmul us Condition

Table 7.6a lists the significant differences between the
di stributions of four track nmeasures when the pooled results from
the three Drilling Platform experinents are conpared to Contro
Period #2 (12, 16, and 21 January: no boat present). Table 7.6b
lists the significant differences between the distributions of
four track neasures when the pooled results fromthe three
Drilling Platform experinments are conpared to Control Period #3
(18 January, boat present but not operating).
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TABLE 7.6a. DRILLING PLATFORM PLAYBACE coMpAaRED W TS CONTRCL
PERI OD 2.
Gid
Crossi ng Track Cour se VARUA
( km Defl ection Speed Bearing Bearing
4
3 NS
, OLO<P<. @25 NS .02<p<.05
2 NS
NS NS NS
1 .025¢p<.050
NS NS .001<p<. 002
0.5 .001<p<. 005
NS NS 0.002<p< 0. 005
0 OLOP<, (25
NS NS NS
-0.5 .010<p<.025
NS NS .005<p<.01
-1 .005<p<.010
NS NS NS
-2 . OLOP<, (25
NS NS NS
-3 NS
-4
TABLE 7.6b. DRI LLING PLATFORM PLAYBACK COMPARED WITH
PERI OD 3.
Gid
Crossi ng Track course VARUA
{km) Def | ection Speed Searing Bearing
4 NS
NS NS NS
3 NS
NS NS NS
2 NS
NS NS .02<p<.05
1 p<.001
NS NS p<.001
0.5 p<.001
NS NS p<.001
0 p<.001
NS NS NS
-0.5 .001<p<.005
NS NS .005<p<0.01
-1 .001<p<.005
NS NS NS
-2 p<.001
NS NS .02 <p<.0s
-3 . OLO<P<. 25
-4
Not es: - = No Data

NS = Not Significant

Dgand spsed were tested by the Kolmogorov-Smirnov two
sanmple test, while tourss bearing and VARUA bearing were
tested by the Watson's U< two sanple test. [2 was
measured "at grid crossings, sO Dy Statistics 3re |isted on
the sanme line as the grid crossing. The other three
measures were obtained from intervals between adjacent
grids, so they are listed on the line between those for

adj acent grid crossings. NS stands for Not Significant

(p > 0.05 that sanples came from the same popul ation)
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Conpared to Control Period #2 (see Table 7.6a), six grid
crossings, between 1.0 and -2.0 km showed significant differ-
ences for the Q,neasure. One grid interval, at 3.0 to 2.0 km
showed a significant difference tor speed. Four grid intervals,
at 3.0 to 220 km 1.0 to 0.5 km 0.5to 0.0 km and -0.5 to -1.0,
showed significant differences tor VARUA bearing.

Conpared to Control Period #3 (see Table 7.6b), seven grid
crossings, from1l.0 kmto -3.0 km showed significant differences
for the D neasure. Five grid intervals from2.0 to 1.0 km 1.0
to 0.5 km 0.5 to 0.0 km -0.5to -1.0 km and -20to -3.0 km
showed significant differences for VARUA bearing.

The interpretation of the inportance of these significant
differences is aided by the analysis of the distributions within
Control Periods #2 and #3 presented in the previous subsection
7.2.2. There we determ ned that neasures Dy S, and MI were very
stable within both Control Period #2 and Control Period #3.
Furthernore, if a simlar within-sanple analysis is performed on

the pooled Drilling Platformexperinmental results, we find that
Speed is very stable, but Dy is not stable. In fact, six of the
36 interyrid tests of D, are significant as follows:

Gid Interval Signi ficance Level

3.0 Vs -2.0 0.025 < p < 0.050

3.0 Vs -3.0 0.010 < p < 0.025

2.0 Vs -1.0 0.010 < p < 0.025

2.0 Vs -2.0 p < 0.001

2.0 to -3.0 0.005 < p < 0.010

1.0 to -3.0 0.025 < p < 0.050

Notice that none of these differences occurs within the 1.0
kmto -1.0 km zone, indicating that the initial deflection
occurred well north (ca 3.0 kn) of the VARUA and that whal es
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returned to their normal distribution by about 1.0 km south of
the vessel. An indication of the extent of this deflection at
the 0.0 kmgrid line is illustrated in Fig. 7.2, which shows the
track density distribution for control and playback conditions.
This figure shows peaks at 350 m from VARUA during control and
750 m from VARUA during Drilling Platform playback, indicating
that the center of the mgratory path shifted 400 m of f shore when
whal es were exposed to Drilling Platform sounds.

These results together with the-significant differences for
D,as presented in Tables 7.6a and 7.6b, strongly suggest that
differences in D, between Control Periods #2 and #3 and the
pool ed Drilling ;latform experinments are real.

The inportance of the significant difference in Speed as
listed in Table 7.6b is not clear since within the pooled
Drilling Platform experinents speed was very stable.

The significant differences for VARUA bearing as listed in
Tables 7.6a and 7.6b further reflect the test results for Dy« A
conparison of the lengths of nean vectors and bearings for these

signi ficant VARUA bearings are given as foll ows:

Control #2 Control #3 Drilling Platform

Gid Interval Length Bearing Length Bearing Length Beari ng
3.0 to 2.0 . 9707 5° m- - . 9886 7°
20 to 1.0 T - . 9760 11° . 9526 16°
1.0 to 0.5 . 8421 11° . 8767 9° .3043 25°
0.5 to 0.0 . 7086 19° . 7536 13° . 6605 35°
0.0 to -0=5 o -- . 2879 95 <4124 90°
-0.05 to -1.0 . 6804 166° -- -- . 6849 148°
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In six out of the nine grid intervals show ng significant differ-
ence, Whal es oriented away from the boat during experinents. The
hi gher val ues of the bearing angle north of the VARUA and the

| oner val ues of the bearing angle south of the VARUA during
experinments indicate that the whales were crossing the grid |Iines
further away (in this case offshore) fromthe VvARUA. These |ast
results are identical to the results of the tests of DY

di stributions.

These results are quite simlar to the results for pool ed
Drilling Platform obtained |ast year in January. The 1983 plots
of the cumul ative distributions for Dy under experinental condi-
tions definitely show a flattening around the 0.0 km mark on the
X-axi s (see Appendix B, p. B-20 in Report No. 5366). Thi s
flattening indicates that whales were avoiding the vicinity of the
VARUA starting at around 2.0 km north and persisting until about
10to 20km south of the playback vessel. Simlarly, in 1983
there were significant differences in VARUA bearing distributions
starting at 3.0 to 2.0 kmnorth and ending at -0.5 to -1.0 km
south of the vessel

In sunmary, these results strongly indicate that whales
avoided the area of the Drilling Platform playback source by
novi ng of fshore by several hundred neters. This avoi dance was
evi denced by significant track deflections at ranges of 1.0 km and
VARUA beari ng changes at 3.0 km away.

Responses to Drill Ship Stinulus Condition

Table 7.7a lists the significant differences between the
di stributions of four track neasures when the pooled results from
the three Drillship experinents are conpared to Control Period
#2. Table 7.7b lists the significant differences between the
di stributions of four track neasures when the pooled results from
the three pDrillship experinents are conpared to Control Period #3.
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TABLE 7.7a.
Gid
Crossing

(km

TABLE 7.7b.

Gid
Crossing
(km)

0.5

-0.5
-1
-2
-3
-4

Not es: -

NS =

Bolt Beranek and Newman

DRILLSEIP PLAYBACK coMparep W TH CONTROL PERI QD #2

Track Cour se VARUA
Defl ecti on Speed Bearing Bearing
NS
NS NS NS
. OLO<P<. (25
NS NS Ns
.000<p<.001
NS NS p<.001
.000<p<.001
P . OLOxP<. (25 NS .001<p<.002
.000<p<.001
? . OLOKP<. (25 NS NS
.000<p<.001
. OLOkP<. 25 NS p<.001
.000<p<,001
\S NS NS .01 <p<. 02
\S NS NS NS
NS NS NS
NS

DRILLSHIP PLAYBACK COMPARED W TS CONTROL PERI OD #3

Track course VARUA
Deflection Speed Bearing Bearing
NS
NS NS NS
NS
NS NS NS
.001<p<.005
NS .001<p<.002 .01<p<.02
p<.001
NS NS p<.001
p<.001
NS NS p<.001
p<.001
NS NS NS
p<.001
. 025<P<. 050 NS p<.001
p<.001
NS Ns . 001 <p<.002
. OLOxP<. @25
NS NS NS
NS
NS NS NS
NS
= No Dat a

Not Significant

D, a0l speed were tested by the Kolmogorov-Smirnov two

s

ple test, while couriﬁ bearing and varuAa bearing were
tested by the Watson”s

two sanplle test. D, was

measured at grid crossings,, so D statistics Ire 1 isted on

the sane line as the

id crossihg, The other three

r
measures were obtai nedgfrom interval s between adjacent
grids, so they are listed on the line between those for

adj acent grid” crossings.

NS stands for Not Significant

(p > 0.05 that sanples cane from the sane population).
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Conpared to Control Period #2 (see Table 7.7a), six grid
crossings between 2.0 kmand -1.0 km showed significant differ-
ences for the Q,neasure. Three grid intervals, fromthe 0.5 to
0.0 kminterval through the -0.5 to -1.0 kminterval, showed
significant differences for speed. Four grid intervals, at 1.0
to 0.5 km 0.5to0 0.0 km -0.5t0 -1.0 km and -1.0 to -2.0 km
intervals, showed significant differences for VARUA bearing.

Conpared to Control Period #3 (see Table 7.7b), seven grid
crossings between 2.0 kmand -2.0 km showed significant differ-
ences for the DY nmeasur e. one grid interval, at -0.5 to -1.0 km
showed a significant difference for Speed. One grid interval, at
2.0 to 1.0 km showed a significant difference for course bear-

i ng. Five grid intervals, at 2.0 to 1.0 km 1.0 to 0.5 km 0.5
to 0.0 km -0.5to0 -1.0 km and -1.0 to -2.0 km showed signifi-
cant differences for VARUA beari ng.

The interpretation of the inportance of these significant
differences is aided by the analysis of the distributions within
Control Periods #2 and #3 presented in the previous subsection
7.2.2. There we determ ned that neasures Dy r S, and MI were very
stable within both Control Period #2 and Control Period #3. I1f a
simlar within-sanple analysis is perfornmed on the pooled Drillship
experinents, we find that Dy, and Speed are very stable within the
Drillship experinents. Unfortunately, due to snall sample sizes,
at distances of < 3 km, the results of these within playback tests
only indicate that whales within 3.0 km of the vessel were sw nm ng
uniformy. Thus, if whales are responding to the playback at > 3
km and then maintaining their tracks when they are within 3 km of
the vessel, the inter-playback tests will not show any signific-
ance . In the case of Drillship pl ayback, that is apparently what
i s happeni ng. If one compares the figures of the distributions for
D, under playback conditions with the figures for either Contro

#2 or Control #3 (see Appendix B; pp B-12 and B-14 vs B~26), it is
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apparent that whales are avoiding the vicinity of the vessel.
These results strongly suggest that the differences in D, between

Y
Control Periods #2 and #3and the pooled bprillship experinent are
real. A measure of the extent to which whal es avoi ded the play-

back area is illustrated by conmparing the probability density
functions for the playback periods with the function for the
control period at the closest point of approach (x = 0.0 grid).
Figure 7.3 shows these functions have their peaks at 300 m and
1000 m offshore of the VARUA, respectively. In other words, the
center of the migratory path shifted offshore by 7(1 O m when
whal es were exposed to Drillship pl ayback.

The inmportance of the significant differences in Speed as
listed in Tables 7.7a and 7.7b is not clear. During Drillship
experinents, whales tended to swmfaster as they approached the
pl ayback vessel and then slowed down as they swamto the south of
the vessel.

The significant differences for VARUA bearing as listed in
Tables 7.7a and 7.7b further reflect the test results for DY‘ A
conparison of the |engths of mean vectors and bearings for these

significant VARUA bearings are given as follows.

Control #2 Control #3 Drilling Platform

Gid Interval Length Bearing Length Bearing Length Bearing

2.0 to 1.0 - - - - . 9760 11° . 9394 16°

1.0 to 0.5 . 8421 11° . 8767 9° . 8091 26°

0.5 to 0.0 . 7086 19° . 7536 13° . 6938 44°
-0.05 to -1.0 . 6804 166" . 7510 162° . 6934 133°
-1.0 to -2.0 . 8651 167° . 9127 170" . 8513 144”
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In eight out of the nine grid intervals show ng significance,
whal es were oriented away fromthe VARUA during the experinents.
The hi gher values of the bearing angle north of the VARUA and the

| ower val ues of the bearing angle south of the VARUA during experi -
ments indicate that the whales ‘were crossing the grid lines further
away (in this case offshore) fromthe vaRUA. These last results
are identical to the results of the tests of Dy di stributions.

These results are not simlar to the results obtained in
1983 for pooled prillship., The 1983 plots of DY di stributions
under experinmental conditions do not indicate that whales are
avoi ding the area of the VARUA (see Report 5366, Appendix B, pp.
B-9 and B-23). Also, for speed in 1983, whal es slowed down as
t hey approached the source whereas in 1984 we found that whal es
sl owed down as they swam away from the source.

Despite the inconsistency in results fromthe two test
periods, the results presented here strongly indicate that whales
avoi ded the area of Drillship playback by noving offshore by
several hundred neters. This avoi dance was evi denced by
significant track deflections and VARUA bearing val ues at ranges
up to 2.0 kmnorth of the source with recovery of normal track
courses by 1.0 to 2.0 kmsouth of the playback vessel.

Responses to the Semisubmersible R g Stinulus Condition

Table 7.8a lists the significant differences between the
di stributions of four track measures when the pooled results from
the three Sem subnersible Rig experinments are conpared to Contro
Period #2. Table 7.8b lists the significant differences between
the distributions of four track nmeasures when the pooled results
fromthe three Sem subnmersible R g experinments are conpared to
Control Period #3.
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TABLE 7.8a. SEM SUBMERS|I BLE PLAYBACK COMPARED WTH CoNTRL PERIOD 2.

Gid
Crossi ng Track Cour se VARUA
(km Defl ection Spsed Bearing Bearing
4
3 NS
. OLO<P<. 25 NS NS
2 NS
NS NS NS
l NS
NS NS NS
0.5 NS
NS NS NS
0 NS
NS NS NS
-0.5 NS
NS NS NS
-1 NS
NS NS NS
-2 NS
NS NS NS
-3 NS
NS NS NS
-4 NS

TABLE 7.8b. SEM SUBMERS| BLE PLAYBACK compAaRep W TH CONTRCL PERI OD 3.

Gid
Crossing Track Cow- se VARUA
(km Defl ecti on Speed Bearing Bearing
4 NS
NS NS NS
3 NS
NS NS NS
2 NS
NS NS NS
1 NS
NS NS NS
0.5 NS
NS NS NS
0 NS
NS NS NS
-0.5 NS
NS NS Ns
-1 NS
NS NS NS
-2 NS
NS NS .02 <p<.05
-3 NS
NS NS NS
-4 NS
Notes: - = No Data

Ns = Not Significant

% and speed were tested by the Kolmogorov-Smirnov two
sample test, while toursez- bearing and VARUA bearing were
tested by the WAtsongs U“ two sample test. D, was
measured at grid crossings, *a D, statistics ire listed on
the sane line as the grid crossixg. The other three
measures were obtained from intervals between adjacent
grids, so they are listed on the line between those for
adjacent grid crossings. NS stands for Not Significant

(p > 0.05 that sanples came from the sane popul ation).
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Conpared to Control Period #2 (see Table 7.8a), only one
grid interval, at 3.0 to 2.0 km showed a significant difference
for Speed.

Conpared to Control Period #3 (see Table 7.8b), only one
grid interval, at -2.0 to -3.0 km showed a significant
difference for VARUA bearing

These results coupled with the fact that Speed within the
pool ed Sem subrersible Rig data was very stable indicate that the
whal es did not show any observabl e responses to Sem subnersi bl e
Ri g playbacks. Wwe did not observe any of the changes in Speed
noted in 1983 when whal es sl owed down as they approached the
source . Although none of the tests for track defl ections was
significant deflection around the source was observed. The
extent of this deflection at the 0.0 kmgrid line is clearly
illustrated in Figure 7.4. This shows that during semi-
subnersible rig playback, whales diverted around the source by
defl ecting both inshore and of fshore by about 350 m

In sunmary, these results denonstrate that whal es avoi ded
the i nmedi ate area of the playback when Sem subnersible R g
sounds were projected by noving of fshore and i nshore of the
source by several hundred neters.

Responses t0 the Helicopter Stinulus Condition

Table 7.9a lists the significant differences between the
di stributions of four track neasures when the pooled results from
the three Helicopter experinents are conpared to Control Period
#2. Table 7.9b lists the significant differences between the
di stributions of four track measures when the pooled results from
the three Helicopter experinents are conpared to Control Period
#3.
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TABLE 7.9a. HELI COPTER PLAYBACK compARED W TH CONTROL PERI QD 2.

Grid
Crossing Track Course VARUA
(km) peflection Speed Seari ng Bear i ng
4
3 .025<p<.050
NS 0.02< P<0.05 0.01<p<0,.02
2 NS
NS NS NS
1 NS
NS NS NS
0.5 NS
NS NS .01<p<.02
0 NS
NS NS NS
-0.5 NS
NS NS .02<p<¢,. 05
-1 .0 xP<. 25
NS NS .005<p<.01
-2 p<. 001
-3
-4

TABLE 7.9b. HELI COPTER PLAYSACK coMPARED W TS CONTROL PERICD 3.

Gid
Crossi ng Track Course VARUA
(km) Cef lection Speed Searing Searing
4 NS
NS NS NS
3 NS
NS N s NS
2 NS
NS 0. 02<P<0. 05 NS
1 Ns
NS NS NS
0.5 NS
NS NS NS
0 NS
NS NS NS
-0.5 NS
NS NS NS
-1 .0 xP<. 25
NS NS .002<p<.005
-2 p<. 001
-3
-4
Not es: - = No Data

NS = Not Significant

anfd.speed were tested by the kolmogorov~Smirnov two
sample test, while tours«i bearing and VARUA bearing were
tested by the Watson's U® two sample test. D, was
measured at grid crossings, 86 D, statistics {re listed on
the same line as the grid crossifty. The other three
nmeasures were obtained from intervals between adjacsnt
grids, so they are listed on the line between those for
adjacent grid crossings. NS stands for Neot Significant
(p > 0.05 that sanples cane from the same popul ation)
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Conpared to Control Period #2 (see Table 7.9a), three grid
crossings, at 3.0, -1.0, and -2.0 km showed significant differ-
ences for the Q,neasure. One grid interval at 3.0 to 2.0 km
showed a significant difference for course bearing. Four grid
intervals, at 3.0 to 2.0 km, 0.5 to 00km, -0.5 to -1.0 km, and

-1.0t 0 -2.0 km showed significant differences for VARUA beari ng.

Conpared to Control Period #3 (see Table 7.9b), two grid
crossings, at -1.0 kmand -2.0 km showed significant differences
for Dy, - One grid interval, at 20to 1.0km, showed a significant
difference for course bearing. One grid interval, at -1.0 to

-2.0 km showed a significant difference for VARUA beari ng.

As nentioned previously, we know that both track deflection,
D, and course bearing, CB, were very stable within both Contro
Periods #2 and #3. Wien a simlar within-sanple analysis is
perfornmed on the pool ed Helicopter experinents, we find that the
CB distribution at 3.0 to 2.0 kmis significantly different than
the distributions at 1.0 to 0.5 kmand -1.0 to -2.0 km  That is,
CBis quite stable except for the 3.0 to 2.0 kminterval where
sanple sizes are small. However, v i's not stable. In fact, 12
of the 36 inter-grid tests of D, are significant as follows:

Gid Interval Signi ficance Level
3.0 to 0.0 0.025 < p < 0.050
3.0to -0.5 0.001 < p < 0.005
30to -1.0 0.001 < p < 0.005
3.0to0 -2.0 p < 0.001
20to -1.0 0.005 < p < 0.010
1.0 to -05 0.010 < p < 0.025
1.0to -1.0 0.001< p <0.005
1.0 to -2.0 p < 0.001
05to -1.0 0.025 < p < 0.050
0.0to -2.0 p < 0.001

-0.5to -2.0 0.001 < p < 0.005

-1.0to -2.0 0.010 <p< 0.025
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These results together with the significant differences for
D, as presented in Tables 7.9a and 7.9b suggest that the differ-
ences in DYat -1.0 to -2.0 km are real. The significant
differences at 3.0 kmis based upon snmall sanple sizes (16 for
experinents, 14 for control) and, therefore, is probably a result
of sanpling error. Aso, it was detected in only those tests
conparing Helicopter to Control Period #2. In | ooking at the
distribution figures and track plots for pooled Helicopter (see
Appendi x B; pp B-7 and B-22), one can see that whal es began
avoiding the imediate vicinity of the VARUA at about 0.5 km
Thi s avoi dance becones nore pronounced at the -0.5 kmand -1.0 km
grids. An indication of this avoidance at the 0.0 kmgrid line
is illustrated in Figure 7.5. This figure shows that the peaks
for both the control and playback periods are the sane indicating
the center of the mgratory path does not change during pl ayback
of Helicopter sounds. However, there is a noticeabl e avoi dance
of the imediate vicinity of the playback source as evidenced by
the low probability values at the position of the VARUA

The two significant differences for course bearing (one for
each test) are not particularly convincing. They do not occur at
simlar grid intervals in the two tests and for one of them
(Control #2), the sanple sizes are quite small (13 and 14,
respectively) . The significant difference at interval 2.0 to 1.0
km when Helicopter is conpared to Control #3 is based on the
l ength of the nean vector (.9906 for the control vs .9760 for
Hel i copter) since bearings for both conditions are identical
(1870).

The significant differences in VARUA bearing as listed in
Tables 7.9a and 7.9b partially reflect the test results of DY“ A
conparison of the |l engths of nean vectors and the bearings for

t hese significant VARUA bearings are given as follows.
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Control #2 Control #3 Hel i copt er
Gid Interval Length Bearing Length Bearing Length Bearing
3.0 to 2.0 . 9707 5° -- T . 9812 8°
0.5 to 0.0 . 7086 19° - T . 7807 32°
-0.5to -1.0 . 6804 166° o T . 7975 150°
-1.0 to -2.0 . 8651 167° . 7510 162° . 9695 138°

Interestingly enough, whales were nore oriented during al
the Helicopter intervals than any of the control intervals.
However, the bearing angles for Helicopter were always higher
north of the VvARUA and | ower south of the VARUA indicating that
whal es were crossing the grid lines further away (in this case,
offshore) fromthe VARUA. These results are simlar to the
results of the tests on D distributions except that tests for
VARUA bearing indicate that the track deflections started in the
0.5 to 0.0 kminterval rather than at 1.0 km

These results are simlar to the results for pool ed
Hel i copter playback obtained in 1983. Cumul ative distribution
plots for Dy, under the Helicopter condition in 1983 showed t hat
whal es were distributed further offshore than under the control
condition, particularly for those grids south of the playback
source (see Report No. 5366, Appendix B, pp. B-n and B-29).

In summary, these results indicate that whal es avoi ded the
area of Helicopter playback by deflecting around the source. Thi s
defl ecti on was observed at about 0.5 kmnorth of the source but
persisted for up to 2.0 km south of it.
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Responses to Production Platform Stinulus Conditions

Table 7.10a lists the significant differences between the
distributions of four track neasures when the pooled results from
the three Production Platform experinments are conpared to Control
Period #2. Table 7.10b lists the significant differences between
the distributions of four track neasures when the pooled results
fromthe three Production Platform experinents are conpared to
Control Period #3.

Conpared to Control Period #2 (see Table 7.10a), four grid
intervals at 2.0 to 1.0 km, 1.0 to 0.5 km, -1.0 to -2.0 km, and
20t o -3.0 km showed significant differences for Speed. One
grid interval, at 1.0 to 0.5 km showed a significant difference
for VARUA beari ng.

Conmpared to Control Period #3, (see Table 7.10b), five grid
crossings, at 1.0 km 0.5 km, 0.0 km, -0.5 km, and -2.0 km, showed
significant differences for Dy Three grid intervals, at 2.0 to
1.0, -2.0t o -30,and -3.0 to -4.0 kmshowed significant differ-
ences for Speed. ©One grid interval at -2.0 to -3.0 km showed a
significant difference for Conpass bearing. One grid interval, at
1.0 to 0.5 km showed a significant difference for VARUS beari ng.

Asmentioned previously, we already know that D, Speed, and
course bearing were very stable within the Control Periods #2 and
#3. \Wien a simlar within-sanple analysis is’ perforned on the
pool ed Production Platformresults, we find that Dy, speed, and CB
are also very stable. As with the pooled Drillship experinents,
sanple sizes were very small at distances of greater than 2.0 km
fromthe source. Therefore, if whales are responding to playbacks
at 3.0 km from the source, the within-sanple tests would not

detect the response . If the Dy di stributions for pooled

Production Platform are exam ned and conpared with the Control

Periods #2 and #3,one Wl notice that in both pairs of figures,
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TABLE 7.10a. PRODUCTION PLATFORM PLAYBACK coMPARED wrTh CONTROL PERI QD 2.

Gid
Crossing Track Course VARUA
(km Def | ecti on Speed Searing Bearing
4 NS
3 NS
NS NS NS
2 NS
. OLO<P<. @25 NS NS
1 NS
.001<P<.005 NS .02<p<.05
0.5 NS
NS NS NS
0 NS
NS N3 NS
0.5 NS
NS NS NS
-1 NS
. OLO<P<. @25 NS NS
-2 NS
.025<p<.050 NS NS
-3 NS
NS NS NS
-4 NS

TABLE 7.10b. PRODUCTION PLATFORM PLAYBACK COMPARED W TH CONTROL

PERIOD 3.
Gid
Crossing Track Course VARUA
(km Def |l ection Speed Bearing Bearing
4
3 NS
NS NS NS
2 NS
O OLO<P<O. 025 NS NS
1 0.010<p<0.00S
NS NS 0.010<p<0.,02
0.5 0. 025<P<0. 050
NS NS NS
0 0. OLO<P<O. (25
NS NS NS
-0.5 0. 025<P<0. 050
NS NS NS
-1 NS
NS NS NS
-2 0. 025<P<0. 050
3 NS 0. 025<P<0. 050" 0. 02<P<0. 050 NS
0. 025<P<0. 050* NS NS
-4 NS
Notes: *=Small sanple size

- = No Data
NS = Not Significant

D, and speed were tested by the Kol mogorov-Snirnov two
sgnple test, while tourgg bearing and VARUA bearing were
tested by the Watson's y¢ two sample test, D, was
measured at grid crossings, §6 Py statistics ire listed on
the same line as the grid crossi'ﬁlg. The other three
nmeasures were Obtained fromintervals between adjacent
grids, so they are listed on the line between those for
adj acent grid crossings. NS stands for Not Significant
(p > 0.05 that sanples came from the sanme popul ation)
while * " neans that there were no data for that
grid crossing or grid interval.
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Production Platformdistributions are shifted offshore (to the
right) starting at around 1.0 kmnorth of the VARUA and conti nui ng
to 2.0 km south of the vessel

Thus, al though there were no significant track deflections
when Production Platformdistributions were conpared to Control
Period #2, there were differences which were consistent with the
significant results fromtesting PP distributions against Control
Period #3. These results indicate that the significant differ-
ences in Dy bet ween Control Period #3 and PP are real.

A further indication of deflection at the 0.0 kmgrid is
illustrated in Figure 76. This figure clearly shows that whal es
were deflecting inshore by 500 mand of fshore by 250 m during
pl ayback of Production Platform

The inportance of the significant differences in Speed as
listed in Tables 7.10a and 7.10b is not easy to interpret. Al l
seven tests were consistent in that significant control period
intervals had speeds that were always faster than the experinental
i ntervals. In other words, whales slowed down as they approached
the source starting at. 20to 1.0 km then swam at normal speeds
as they passed the VARUA and again sl owed down as they left the
observation area. Considering that the significant differences
appear near the ends of the observation area, there is the
possibility that several of these differences are due to sanpling
error.

The inportance of the one significant difference in course
bearing at -2.0 to -3.0 kmis not clear. Sanpl e sizes at these
ranges were snmall (12 and 27, respectively), so there is a good
possibility that the difference is a result of sanpling error.

The significance of the VARUA bearing at 1.0 to 0.5 km as
listed in both Tables 7.10a and 7.10b is consistent with the
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results for DY‘ A conparison of |engths of mean vectors and

bearings at this interval are:

Control #2 Control #3 Production Pl atform
Gid Interval Length Bearing Length Bearing Length Beari ng
1.0 to 05 8421 11° .8767 9°, .8385 19°

These val ues indicate that whales were nore oriented away fromthe
VARUA during pl aybacks than during the control periods. This
result is further illustrated in the track plots for Production

Pl atform (see Appendix B). In this plot one can see tracks

defl ect around the VARUA at about 0.5 kmnorth of her with the
deflection persisting for several kiloneters to the south.

These results are quite simlar to the results for pooled
Production Platform obtained in 1983. Cunul ative distribution
plots for Dy, under those conditions in 1983 showed that whales
were distributed further offshore than under the control condi-
tions. Also, the deflection tended to persist for several
kil oneters south of the source (see Report No. 5366, Appendix B,
pp. B-12 and B-32).

In summary, these results indicate that whal es avoi ded the
area of Production Platform playback by noving inshore and of f-
shore of the source by several hundred neters. Thi s deflection
was first observed at about 1.0 kmnorth of the playback source
and persisted for several kilonmeters south of it. There was sone
evi dence that whal es sl owed down as they approached and |eft the
pl ayback area.

Many of these results, based on conparing pool ed data for
simlar types of industrial sound stimuli, have been consi stent
with the results when all 15 playbacks were pooled and conpared
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with the pooled Control Periods #2 and #3. In general, whales
responded simlarly to playback of Drilling Platform Drillship,

Hel i copter, and Production Platform by deflecting around the
source. \Whales showed a simlar but nmuch nore reduced response to
Sem subnersible Rig sound playback. D fferences between responses
to the different types of playback stimuli are observed in the

di stance north of the source at which whales begin to nove off-
shore, the distance they are displaced offshore, and the distance
south of the source that they maintain this offshore course.

7.1.5 Conparisons between responses to playback of simlar
stimuli types

We conpared responses to two pl ayback experinments of simlar
pl ayback types in an effort to determ ne whether the whales'
responses were graded relative to the received | evels and/or
anbi ent noi se conditions associated with that experinment. These
intra-playback conparisons were made only if there were sufficient
di fferences between anbient conditions for two playbacks of the
same stinmulus type. (See Table 5.2)

On this basis, conmparisons were nmade between Drilling
Pl atf orm experinments #2 and #3, Helicopter experinents #2 and #3,
and Sem subnersible R g experinments #2 and #3.

Conpari son of Responses to Drilling Platform#2 and #3

Table 7.11a lists the significant differences between

Drilling Platform#2 and its matched control period; 18 January,
1122-1318. Table 7.11b lists the significant differences between
Drilling Platform#3 and its matched control period, 18 January,
0845- 1045.
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TABLE 7.11la. RESPONSE FOR PLAYSACK DP2 COMPARED WTH CONTROL PERIOQD.

Gid
Creasi ng Track Course VARUA
(km Def | ection Speed Bearing Beari ng
4
3 NS
NS NS NS
2 NS
NS NS NS
1 NS
.000<p<. 001 NS NS
0,5 NS
. OLO<P<. 25 NS NS
0 NS
.001<p<. 005 NS NS
0.5 NS
NS NS NS
-1 NS
NS NS NS
-2 NS
NS NS NS
-3 NS
NS NS NS
-4 NS

TABLE 7.11b. RESPONSE FOR PLAYBACK DP3 comparReD W TS CONTROL PERI CD

Gid
Crossi ng Track Cour se VARUA
(km Defl ecti on Speed Bearing Bearing
4
3 NS
NS NS NS
2 NS
NS NS NS
1 ,05¢<p<.10
NS NS .02<p<.05
0.5 L 05<p<.10
NS NS .01<p<.02
0 .05<p<. 10
NS NS NS NS
0.5
NS NS NS NS
-1
NS NS NS
-2 NS
NS NS NS NS
-3
NS NS NS
-4 NS
Notes: - = No Data
NS = Not Significant

pand speed were tested by the Xolm v~-Smirnov two
Sg;ple fgst, whil e coursezggaring and q&ﬁﬁijﬁ bearing were
tested by the Watson's two ffyplle‘CeSt. D, was
measur e at  grid crossings,, sa.J )., statistics {re listeda on
the same line as the grid crossigg. The other three
measures were obtained from intervals between adjacent
grids, so they are listed on the line between those for
adj acent grid crossings. §s stands for Not Significant
(p > 0.05 that sanples came from the sane population)
while “ “ means that there were no data for that
grid crossing or grid interval

Bolt Beranek and Newmran
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Conpared to its control period (see Table 7.11la), Drilling
Pl atform #2 showed significant differences for speed at grid
intervals 1.0 to 0.5 km 0.5 to 0.0 km and 0.0 to -0.5 km (see
Appendix B). Wien Drilling Platform #3 was conpared to its
control period, significant differences in VARUA Bearing were
found at grid intervals 1.0 to 0.5 km and 0.5 to 0.0 km (See
Appendi X B). Furthernore, there were three grid crossings for
whi ch Dy, distributions were different from Drilling Platform #3
control at the 0.05 < p < 0.10 Ilevel. These occurred at the 1.0

km 0.5 km and 0.0 km grids.

Conpari sons Wthin Test and Control Peri ods

Both Speed and VARUA bearing were stable within either

control periods. For Drilling Platform #2, the D, distribution at

Y
30kmand 2.0 kmwere different fromthe distribution at -2.0

km  Speed distributions at the 3.0 to 2.0 kmgrid interval were
different fromall intervals between 1.0 and -1.0 km These
differences are listed as foll ows:

Drilling Platform #2

Gid Oossing Conpared

‘Y
3.0 Vs -2.0 0,025 < p < 0.050
2.0 Vs -2.0 0.050 < p < 0.10

Gid Interval s Conpared Speed
3.0to 2.0Vs 1.0 to 0.5 0.005 < p < 0.010
3.0to 2.0 Vs 0.5 to 0.0 0.050 < p < 0.10
3.0to 2.0 Vs 0.0to -0.5 0.010 < p < 0.025
3.0to 2.0 Vs -0.5 to -1.0 0.050 < p < 0.10

7-47



Report No. 5586 Bolt Beranek and Newman Inc.

For Drilling Platform #3, the Dy distributions at 2.0 km were

different fromthe distributions at 0.0 km -0.5 km, and -1.0
km These differences are listed as foll ows:

Drilling Platform #3
Gid Crossings Conpared Cy
2.0 Vs 0.0 0.05 < p < 0.10
2.0 Vs -0.5 0.025 < p < 0.05
2.0 Vs -1.0 005 < p < 0.10

These results suggest that the significant changes in Speed
under Drilling Platform #2 condition and the significant differ-
ences in VARUA bearing under Drilling Platform #3 condition are
real . In eval uating possible intra-playback differences for the
Drilling Platform playbacks, we would expect to find a gr aded
response based on D,distributions. Thi s expectation is based
upon the results presented earlier for Drilling Platform which
denonstrated that whales responded to Drilling Platform playback
by defl ecting around the source.

The only evidence indicating a graded effect cones fromthe
anal ysis of the wthin-playback D,distributions during Drilling
Pl atform pl aybacks #2 and #3. Here we find that dQuring Drilling
Platform #2, when the estimated range for O dB S/N for the peak
1/ 3 octave band was 3.0 km and the range for Odill S/N for broad-
band was 2.4, there was a hint of a response between 3.0 and 2.0
km During Drilling Platform #3, where again the estinmated range
for OdB S/IN for the peak 1/3 octave band was 3.0 km but the range
for broadband was 1.6 km there was an apparent response between
2.0 kmand 1.0 km W nust caution that this coincidence between
response and the O dB S/ N range for broadband energy | evel
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of the playback is not strong, is based on small sanple sizes, and
IS subject to possible sanpling errors.

Conpari son of Responses to Semisubmersible Ri g Pl ayback #2 and #3

There were no significant differences between Sem subnersible
Rig #2 and its matched Control period; 18 January, 0848-1046.
There were three significant differences between Semisubmersible
Rig #3and its matched control period; 20 January, 1100-1230:
Speed at the -3.0 to -4.(1 kmgrid interval (].025 < p < 0.050),
Course bearing at the -1.0 to -2.0 kmgrid interval (0.02 < p <
0.05), and VARUA bearing at the 0.0 to -05km grid interval (0.02
< p < 0.05). Al three were based on very snmall sanple sizes.

Therefore, we conclude that we did not observe any graded
responses to these two Sem subnersible Rig playbacks

Conpari son of Responses to Helicopter Playback #2 and #3

There were three significant differences between Helicopter
#2 and its matched control period; 18 January, 134s-1545. These
di fferences were: D, at the -1.0 kmgrid (0.025 < p < 0.05),
Speed at the -0.5 to -1.0 kmgrid interval (0.005 < p < 0.010) and
VARUA bearing at the 0.5 to 0.0 km gria interval (0.02 < p <
0.05). There was one significant difference between Helicopter #3
and its matched control period; 18 January, 1345-1545. This
di fference was for VARUA bearing at the -0.5 to -1.0 kmgrid
interval and was based upon observations showi ng that whales were
nore oriented toward the VARUA and cl oser to her during experinment
than during the control. Therefore, we conclude that we did not
observe any graded responses to these two Helicopter playbacks.
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7.1.6 Response to noored air gun condition

Table 7.12a lists the significant differences between the
di stributions of four track neasures when the pooled results from
noored air gun experinents were conpared to Control Period #4
(this was the control constructed fromtine periods on the sane
days as the noored air gun experinents but when the gun was not
operating) . Table 7.12b lists the significant differences between
the distributions of four track neasures when the pooled results
from nmoored air gun experinments were conpared to Control Period #5
(8 and 12 January pool ed).

Conpared to Control Period #4 (see Table 7.12a), three grid
crossings, at 3.0 km 2.0 kmand 1.0 km showed significant
di fferences for the Dy nmeasur e. One grid interval, at 4.0 to 3.0
km showed a significant difference for Speed. One grid interval
at 0.5 to 0.0 km, showed a significant difference for Conpass
beari ng. Two grid intervals, at 1.0 to 0.5 km and 0.5 to 0.0 km
showed significant differences for VARUA bearing. Wen the Cramer
von Mises test was used for these tests, there was one additional

significance found for Dy, at the 0.5 km grid crossing

Conpared to Control Period #5 (see Table 7.11b), one grid
crossing at 0.0 km showed a significant difference for E@. One
grid interval, at 0.0 to -0.5 km, showed a significant difference
for Speed. Two grid intervals, at 2.0 to 1.0 and 1.0 to 0.5 km
showed significant differences for Conpass bearing. Two grid
intervals, at 1.0 to 0.5 kmand 0.5 to 0.0 km showed significant
differences for VARUA bearing

The interpretation of these significant differences is aided
by the anal ysis of the distributions within Control Periods #4 and

#5 presented in the previous subsection 7.3.2. There it was shown
that for Control Period #4, Dy distributions north of the VARUA

were significantly different from distributions south of the
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TABLB 7. 12a. MOORED Al RGUN COMPARED WITH CONTROL PERI OD 4.

@

Crossi
k

—~0O

4

3

2

1
0.5
0
-0.5
-1
-2
-3

-4

id

ng Track Course VARUA
Defl ection Speed Bearing Bearing
NS
0.025<p<0.050 NS NS
0. 025<P<0. 050
NS NS NS
O. OLO<P<O. @25
NS NS NS
0.025<p«0.050
NS NS p<0.,001
NS
NS 0,02<p<0.05 0.02<p<0.05
NS
NS NS NS
NS
NS NS NS
NS
NS NS NS
NS
NS NS NS
NS
NS NS NS
NS

TABLE 7.12b. MOORED Al RGUN COMPARED W TS CONTROL PERIOD 5.

Gid

Crossi

(km
4
3

-4

Not es:

ng Track Cour se VARUA
Defl ection speed Bearing Bearing
NS
NS NS NS
NS
NS NS NS
NS
NS 0.02<p<0.050 NS
NS
NS 0.02<p<0.05 0.001<p<0.002
Ns
NS NS p<0,001
0.025<p<0,050
0.001<p<0.005 NS NS
NS
NS NS NS
NS
NS NS NS
NS
NS NS NS
NS
NS NS NS
NS
- = No Data

NS = Not Significant

pand..speed were tested by the Rolmogorov-Smirnov two
sdmple test, while tour355 bearing and VARUA bearing were
tested by the Watsonrs U4 two sample test. D, was
measured at grid crossings,, ¥ b, statistics {re listed on
the sane line as the grid cr:_ossixg. The other three
measures were obtained from intervals between adjacent
grids, so they are listed on the line between those for
adj acent grid crossings. NS stands for Not Significant
(p > 0.05 that sanples cane from the same population)
while “ “ means that there were no data for that
grid crossing or grid interval.
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VARUA . Specifically, whales were swwnmng fairly normal tracks
north of the VARUA and Cheyenne Arrow but then noved offshore once
they passed the two boats. For Control Period #5, Dwas very
stable but Speed was variable. This variability in speed
distribution was primarily due to the fact that whales were swm
mng faster on 8 January than on 12 January. Wen a simlar

wi t hi n-sanple analysis is perfornmed on the Mbored Air gun results,
we find that D,distributions at 4.0 km 3.0 km and 2.0 km are
significantly different than distributions at 0.5 km, 0.0 km, -0.5
km -1.0 km and -2.0 km An inspection of the DY di stributions
shown in Appendix B (p. B-32), reveals that distributions at “4.0
km 3.0 km and 2.0 kmwere fairly normal but that by 1.0 kma
flattening of the distribution at around 250 m west of the x-axis
is beginning to be evident. This flattening persists through the
-2.0 km distribution. Thus, variability within D for Contro
Period #4 represents a change in distributions starting at the 0.0
grid crossing, while variability within D,for the Mored Air gun
experiments represents a change in di,stributions starting at the
2.0 kmgrid line.

An indication of the extent of the deflation at the 0.0 km
gridline is illustrated in Figure 7.7. This figure clearly shows
t hat whal es were avoiding the area of the vessels by noving in-
shore by 1000 m and of fshore by 200 m during the nobored airgun
experinents._

These results together with the significant differences for
D,as presented in Tables 7.12a and 7.12b, suggest that the
differences in D between Control Periods #4 and #5 and the Mbored
Air gun experinments are real

The inportance of the significant differences in Speed are
not as clear. The significant difference at the 4.0 to 3.0 km
grid interval is based on sanple sizes of only 11 and 6. The
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errors at these distances conmbined with the small sanple sizes
makes it likely that this difference is a result of sanpling
error. The significant difference at the 0.0 to -O.5 kmgrid
interval when Mored Air gun is conpared to Control Period #5 is
interesting in light of the fact that whales during the experi-
ments were swinmng faster as they approached the air gun but
swi mm ng sl ower once they had passed the gun.

The significant differences for Course bearing and VARUA
bearing as listed in Tables 7.12a and 7.12b further reflect the
test results for Dy i ndi cating that whal es defl ect around the
vessels during air gun activity. A conparison of |engths of nean
vectors and bearings for the significant Course and VARUA bearing
are given as follows:

Course Bearing

Control #4 Control #5 Moored Air gun
Gid Interval Length Bearing ©Length Bearing Length Bearing
2.0 to 1.0 - - . 9725 183° . 9730 188°
1.0 to 05 -- -— .9'703 183° .9514 190°
05 to 0.0 .9801 194" - - .9496 188°
VARUA Beari ng
Control #4 Control #5 Moored Air gun
Gid Interval Length Bearing Length Bearing Length  Bearing
1.0to 0.5 . 9098 15° .8745 22° . 7878 32°
05to 0.0 . 8313 42° .7883 34° .6262 46°
7-54
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In six out of the seven grid intervals show ng significant
di fferences, whales were nore oriented away fromthe vessels
during the experiments than during the controls. This difference
is made evident by |ength of nean vectors for control conditions
bei ng greater than vectors for the Mored Air gun condition.

The higher values of the bearing angle, except during Control
#4 at 05to00km indicate that whales were crossing the grid
lines further away (in this case, both further inshore and further
of fshore) fromthe vessels during the experinents than during the
control periods.

In summary, these results indicate that whales showed a briet
avoi dance to the immediate vicinity of the vessels when no air gun
was operating (Control #4) and these deflections persisted for
about 1.0 km A nmuch stronger response simlar to that observed
during Drilling Platform playback was observed when the noored air
gun was operating. During these experinments, whal es avoi ded the
pl ayback area by noving further offshore and inshore of the
vessel s. Thi s avoi dance response was first detected at’ 2.0 km
north of the vessels and persisted until the whales were at |east
2.0 km south of them

7.1.7 Responses to Myving Ar gun experinents

on 9 January, the Cheyenne Arrow proceeded along transects at
8, 3, and 1.5 nm (see figure). These Moving Air gun experinments
lasted only for 2 hr 45 min., 1 hr, and 1 hr, respectively.
Because of these very short experinental periods, the nunber of
whal es tracked was | ow and consequently the anal ytical procedures
are limted by reduced sanple sizes. Furthernmore, the track
defl ection program was designed for stationary sound sources
| ocated at the origin of the coordinate system The sensitivity
of both the track deflection and VARUA bearing neasures are based
on this assumption about source |ocation so they wll be insensi-

7-55
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tive and difficult to interpret for a noving sound source. Since
the grid crossing systemtallies up data at presunably set ranges
fromthe source, the grid intervals also cannot be interpreted for
a noving source. Wth these caveats we present the follow ng

summaries of our results for these three Moving Air gun transects.

Responses to Moving Air gun at 8 nm (15.5 kn)

Table 7.13a lists the significant differences for four track
nmeasures when distributions for Moving Air gun at 8nm were com
pared with the distribution for its matched control period; 8
January, 900-1200. Al differences occurred at the extremes of
t he observation ranges for this data where sanple sizes were
small. The two significant differences for Course bearing are
based upon data that show whal es better oriented during the noving
air gun than during the control, but with nean bearing angl es away
fromthe x-axis. Therefore, we conclude that we did not observe
any response to the noving air gun at 8 nm

Responses to Moving Air gun at 3 nm {5.6 kn)

Table 7.13b lists the significant differences for four track
nmeasures when distributions for Moving Air gun at 3 nm were com-
pared with the distributions for its matched control period; 8
January, 1300-1600. The Speed difference is due to higher speeds
during the 8 January control period. The Course bearing differ-
ence is due to whales being better oriented during the Mwving Ar
gun experinment but with a bearing angle away fromthe x-axis.
Therefore, we conclude that we did not observe any response to the
noving air gun at 3 nm
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TABLE 7.13a. RESPONSES TO MOVI NG Al RGUN AT 8 nM couparep W TH

CONTROL PERI OD.
Gid
Crossi ng Track Cour se VARUA
(k Defl ection Speed Bearing Bearing
4
3 NS
2 NS
NS 0.02<p<0.05 NS
1 NS
NS NS NS
0.5 NS
NS NS NS
0 NS
NS NS NS
-0.5 NS
NS NS NS
-1 NS
NS NS NS
-2 NS
0.025¢p<0.05 0.02 <p<0.05 NS
-3 NS
NS NS NS
-4 NS

TABLE 7.13b. RESPONSES TO MOVI NG Al RGUN AT 3 NM COMPARED W TS

CONTROL  PERI CD.

Gid
Crossing Track Course VARUA
(km Defl ecti on speed Searing Searing
4
3 NS
2 NS
NS NS NS
1
NS 0.02<p<0.05 NS
0.5 NS
NS NS NS
0 NS
NS NS NS
-0.5 NS
0.025 <P<0.050 NS NS
-1 NS
NS NS NS
-2 NS
-3
-4
Notes: = No Data

Ns = Not Significant

ppand..speed were tested by the Kolmogorov-Smirnov two
sample test, while tour353 bearing and VARUA bearing
tested by the wWatson's U¢ two samole_test. _) .wae
measured at grid crossings, so D, statistics are listed on
the same line as the grid crossifg.. The other three
measures were obtained from intervals between adjacent
grids, so they are listed on the line between those for
adj acent grid crossings. Ns stands for Not Significant

(p > 0.05 that sanples canme from the same population].

« ere
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Responses toMwving Air gun t 1.5 nm (2.8 km

Table 7.13c lists the significant differences for four track
measures when distributions for Moving Air gun at 1.5 nmwere
conpared with the distributions for its matched control period;

8 January, 900-1200. Al the Speed differences were due to higher
sw mm ng speeds during the 8 January control period. The VARUA
bearing difference is due to whales being better oriented and
closer to the VARUA during the Mving Air ‘gun experinent than
during the control. Therefore, we conclude that we did not
observe any responses to the Moving Air gun at 1.5 nautical mles.
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TABLE 7.13c. RESPONSES TO MOVI NG Al RGUN AT 1.5 NH COVMPARED W TB

CONTROL  PERI OD.

Gid
Crossi ng Track Cour se VARUA
(km Defl ection Speed Bearing Bearing
4
3 NS
NS NS NS
NS
\S 0. 025<p<0. 050 NS 0.02<p<0.05
|
NS NS NS
0.5 NS
0.010<p<0.025 NS NS
0 NS
0.005<p<0.010 NS NS
0.5 NS
0. 01xP<0. 25 NS NS
-1 NS
NS NS NS
-2 NS
-3
-4
Not es: = No Data
N S Not Significant

pgnd Speed were tested by the Kolmogorov-Smirnov two
sample test, while course bearing and VARUA bearing were
tested by the Wwatson's U2 two sanplle test. D, was
measured at grid crossings, so D, statistics {re listed on
the same line as the grid crossiﬁ} The other three
measures were obtained fromintervals between adjacent
grids, so they are listed on the |line between those for
adj acent grid crossings. NS stands for Not Significant
(p > 0.05 that sanples canme fromthe sane popul ation)
while * * neans that there were no data for that
grid crossing or grid interval

7-59
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8. | NTERPRETATI ON AND APPL| CATI ON OF RESULTS

The acoustic and behavioral results presented in the
previ ous sections can be used to estinmate the possible influence
of industrial noise on gray whal e behavior in other areas. To do
this requires application of acoustic scaling rel ationships,
nmeasur ement of acoustic environnental factors, and consideration
of the whale activity that may bei npact ed.

In this section, a nethod of predicting gray whal e response
to high industrial noise levels is devel oped. Procedures for
applying this nethod to generalized source |ocations are
present ed.

8.1 The Influence of Playback and Air GQun Sound Levels on

M grati on Behavi or

The data presented in Sec. 7 showed that gray whal es
det ected several of the playback stinuli at ranges where the
| evel of the domi nant part of the playback signal was conparable
to the anbient noise level in the same frequency range (0 dB
S/IN) . Analysis of the track and speed distributions showed that
the principal reaction wasasnmall change in swimdirection and a
drop in speed. The change in swimdirection generally caused the
whal es to pass the vicinity of the sound source at a greater
di stance than would have occurred otherwi se. This avoidance
reaction thus results in a reduction of the sound exposure for
the whales as they pass the source. The avoi dance distance
presumably is a function of the | oudness and degree of un-
pl easant ness (noisiness) of the sound. It is also likely to be a
function of whether or not the sound m ght have a threat
significance to the whales (such as orca sounds)

Some detailed tracks show ng response of whale groups to
various stimuli are illustrated in Figs. 8.1 through 8. 3. The

contours are not concentric because of the dependence of sound

8-1
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transnission on bottom depth in addition to range. The bottom is
non-uniformy sloping to seaward in the test area. Figure 8.1

shows the track plots near the source area for a drillship

pl ayback peri od. Several tracks show course changes at sone

di stance from the source. A simlar plot for a sem subnersible
rig stimulus playback is shown in Fig. 8.2. In this exanple, an
observable gap in track density can be seen near the source, and
sonme whal es are seen to nove of fshore when they are approxi mately
1 km north of the source. No significant deflection can be
observed in the tracks that pass close to the source on the
shoreward side. The track data shown in Fig. 83for the noored
air gun test denonstrate a nore dramatic avoi dance of the source
area. Only one track can be seen passing inside the 180 dB
effective peak pressure |evel contour.

8.2 Sound Avoi dance Anal ysis

The track data shown in Figs. 8.1 through 8.3 could be used
to devel op plots showing track density versus sound l|evel for the
various stimuli used. However, this informati on can be obtai ned
nore conveniently by using the cumul ative track distributions
described in Sec. 3.4. Not only is track deflection easy to
visualize and interpret, but the track deflection score D, was
one of the nost sensitive for statistical analysis. The distance
by whi ch the whal es avoid the sound source can be estimted by
conparing the cunulative track distributions for a given stinulus
condition with the distributions for the control condition with
VARUA present but no sound projection. Since for nost tracks the
poi nt of closest approach to the source occurs along the x = O
grid line (see Fig. 3.4), only the distribution of track cross-
ings along this line needs to be considered in nmaking the
avoi dance determ nation. Cunul ative track distributions for the
pool ed drillship playback and for the pooled air gun experinents
are conveniently conpared with the appropriate control conditions

8-5
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by using a direct overlay procedure as illustrated in Figs. 8.4
and 8.5. The influence of the high sound |evels near the source
can be seen as a shift in the distribution near the source region
(x = 05 - 0 coordinates).

8..2.1 Probability of avoidance cal cul ati ons

The approxi mate track density function for the playback
control condition and each of the pool ed playback stinuli were
determ ned using the procedure described in Sec. 3.4.2. A
“probability of avoidance” estinmate was then nmade using the
rel ati onship

Paty)™ (Bol¥) - Poty))/P (v) (8)
The Probability of Avoidance is thus defined as the difference
between the track density under control conditions, P,(y), and
the track density under experinmental conditions, Pg(y), nornal-
ized by the control condition track density. Thus, if for a
given value of y, the density during experinmental conditions was
the sane as during control conditions, the probability of avoid-
ance at that point would be 0. Conversely, if no tracks were
found near the sane y val ue under experinental conditions, the
probability of avoi dance woul d be 1.

The procedures described previously in Section 3.4 were used
to obtain track density plots for the playback and air gun tests
using the sumred cumul ative track distributions. These tracks,
shown previously in Figs. 7.3 through 7.8 were then conpared with
correspondi ng density distributions for control periods to obtain
the probability of avoi dance for each stinul us.

The probability of avoidance plots for the playback and air
gun tests are shown in Figs. 8.6 through 8.11. The control
test, and avoi dance densities are shown in each figure for

8-6
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conpari son. Note that sone of the density values exceed 1. This
is an artifact of the windowing approximate.~n and results from
not using a nornalized y coordinate system We wished to retain
an absolute y coordinate reference to pernmt conparison of
density plots obtained from distributions with an unequal nunber
of sanpl es. The y distance values on the plots can be considered
to be normalized to 1 km rather than to the distance of the |ast
observed track.

The probability of avoidance plots shown in the figures are
obt ai ned by conputer inplenentation of Eq. (8)using the data
shown in the control and test track density plots. No editing of
the density plots was performed prior to the processing. As a
result, the small sanple difference regions in the tails of the
density plots show up as | arge avoi dance regi ons because of the
normal i zation process. The significance of the avoidance density
pl ot val ues can be judged by the length of their vertical

i ncrenents. If a large nunber of sanples were present in the
original distributions, the vertical increnents in the density
plot are small; hence a small sanple size produces a | arge

vertical increment, consequently, even a |ow density of whal es at
a given y value in the control distribution will produce a |arge
avoi dance value if it was not matched or there were no whal es at
that y value during the experinental conditions. In interpreting
the results of the probability of avoidance analysis, the central
regi ons near the source thus are the principle regions of interest.

As a test of the sensitivity of the procedure, the track
density for the control period with the VARUA present (with no
pl ayback) was conpared with the track density for the conbined
control days with no boat present. The probability of avoi dance
density was cal culated and the results are shown in Fig. 8.12.
The central region of the avoi dance density plot shows that some
avoi dance of the VARUA on 18 January was occurring. The prob-

8- 15
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ability val ues are considerably [ower than those observed in the
previous figures for acoustic stimuli, however. Note that the
control used for the previous avoi dance probabilities was the
period wth VARUA present so that this VARUA effect was con-
sidered in the calcul ations.

8.2.2 Extermnation of acoustic response characteristics

The probability of avoidance plots can be used directly to
rel ate avoi dance di stances to specific sources and to sound | evel
val ues. This can be done by recognizing that the y values shown
in the plots can be converted to equivalent sound exposure |evels
by using EqQ. (7)from Sec. 5. The nean val ue of the stimnuli
source |evels can be obtained from Table 31for the playback

tests. For the air gun tests, Eq. (6) can beused directly to
obtain the equival ent pul se pressure |evel fromrange val ues.

By using the relationships just described, the probability
of avoidance plots shown in Figs. 8.6 through 8.11 can be
converted to plots showi ng probability of avoi dance versus sound
exposure level. This “acoustic response characteristic” has the
advant age of not being site-specific and, hence, is nore
general ly applicable than plots which relate sound exposure |evel
to range in a given test area. If the probability of avoidance
plots were symmetrically centered on the source |ocation, conver-
sion of range values to sound exposure values would involve only
an application of the sound propagation equations cited.

However, as can be seen in the figures, the avoi dance curves are
general ly neither symretric nor centered on the source |ocation.
This asymmetry is nostly a result of the fact that whal es under
normal conditions were not distributed uniformly or symetrically
relative to the mgratory path, and they tended to avoid the

pl ayback source area by diverting to seaward. As a result, the
analysis required a nethod of utilizing both sides of the

8- 17
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avoi dance probability curve relative to the source position in
determ ning an average sound | evel for a given probability |evel.

The procedure that was enpl oyed invol ved the foll ow ng
st eps:

« Shift the avoidance density distribution to be centered
on the source (this involved a shift of less than 1
wi ndowwi dth, 300 m for all stinuli)

+ Wight the range values in both tails of the distribution
in accordance with their sanple density and cal cul ate the
aver age avoi dance range for a given probability |evel.

e Calculate the sound exposure wvalue for the average range
using the effective source |level for the stinmulus.

The results of this procedure were plotted foreach stinulus and
are shown in Fig. 8.13.

Exam nation of Fig. 8.13 shows that for the playback
stimuli, the drillship sound produces an avoi dance reaction at
the |l owest level (110 dB re 1u Pa). The production platform does
not seem to produce an avoidance reaction until a |level of about
119 dB is reached. The other playback sounds produce reactions
m dway between the drillship and production platform However
all of the playback stimuli seemto produce nearly conplete
avoi dance at sound exposure |levels of 130 4B and hi gher. Resol u-
tion of the avoi dance di stances for levels greater than 130 4B
was|limted by the analysis w ndow width (see the playback sound
contour plot in Fig. 8.1).

In contrast with the playback stinuli avoi dance |evels, the
air gun does not seemto produce significant avoi dance until
effective peak pressure levels of 164 dB are reached. Near |y
conpl et e avoi dance occurs at levels of 180 dB. The difference in

led]
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avoi dance | evel between the continuous sound of the playback
tests (with the exception of the helicopter) and the inpulsive
sound (6 pulses/rein.) of the air gun thus ranged from 50 to 55
8. This is simlar to the difference in sound |levels reported
for tests of equival ent noisiness with human subjects when com
paring continuous and inpul sive noise (Fidell, et al., 1970).

8.3 Application of Acoustic Response Characteristics

The acoustic response characteristics relate avoi dance
behavi or to sound exposure |evels. In this application, the data
for deriving the characteristics were obtained using specific
types of sounds and observing the swi nm ng behavior of mgrating
gray whales. Thus, application of these characteristics to
predi ct avoi dance reaction in other areas nust be limted to the
sane species and simlar circunstances.

8.3.1 Industrial noi se sources

The range at which a given probability of avoi dance w ||
occur for a planned operation site can be estimated if the effec-
tive source level is known and the sound transm ssion |0ss (TL)
for the area in question is either known, or can be measured or
estimated. The naxi num sound exposure |evel forthe selected
avoi dance criterion is obtained fromthe characteristic for the
pl ayback stinmulus which nost closely matches the spectrum of the
pl anned source. A sound |evel contour can-then be drawn show ng
t he expected avoi dance zone for this criterion.

832 Air gun and seismc array sources

Site-related TL characteristics are also required for esti-
mati ng the probable avoidance distance for air gun operation in
other areas. Figure 8.12 shows that an effective pul se pressure
| evel of 170 dB will produce a 0.5 probability of avoidance. The
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0.5 probability level is used rather than the customary 0.95

| evel since the 0.95 level is not adequately defined by the
available data. Since seismic array operations are of nore
interest than single air gun sources, an estimate of the range
for .5 probability of avoidance of a 4,000 cu. in. air gun array
will benmade using data from Report 5366.

Several conplicating factors prevent direct scaling of
seismc array and single air gun pressure versus range data.
These factors can be understood by conparing the propagation
nmodels for the two types of sources. The effective pul se pres-
sure level for a 4000 cu, in. array operating in the test area
was found to have the follow ng propagati on nodel

Lp ~190 + (pi) - 5 log(d,) - 25 log(R) - 440(R/(ds+dr))

+6 (dB -re 1lyPa)

(9)

where ois ahorizontal directivity factor resulting from the
length of the array relative to the dom nant wavel ength of the
signal, Ris the distance fromthe source (kn, and ds, 4, are
the source and receiver depths, respectively, in neters. For
conpl et eness, the propagation nodel for the single air gun, given
previously as Eq. (6), is repeated here

LP = 168 - 5 log (ds) - 15 log(R) - 440(R/(ds+dr)) + 6 (dB re 1luPa)
(lo)

Note that, in addition to the directivity of the array, the
acoustic spreading loss terns are different, with a 25 loyg(R)
slope for the array as conpared to the nore usual 15 | 0og(R) slope

for the single air gun. In shallow water where these sources are

nost often operated, the bottomloss term which has a linear

range dependence, is also very inportant. Thus, the pul se pres-
8-21
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sure outputs of these sources cannot be related by a sinple range
ratio.

A scaling relationship between the array and single air gun
can be derived by setting the two above equations equal to each
other if range scaling is required for equival ent pressure
| evel s. If pressure scaling is required, the equations can be
used i ndependently to obtain required range equivalents for given
operating depths and desired peak pressures. The relationship
between single air gun and array pul se pressures is illustrated
in Table 8.1 which was devel oped using the above propagation
rel ati onships for the test area together with the airgun avoi d-
ance data from Fig. 8.13.

The range val ues shown in Table 8.1 should not be used for
other areas without first exam ning the known or estimted TL
characteristics for the areas in question. If there is a good
degree of simlarity with the TL val ues obtai ned for the study
area off the California coast, then the range values of Table 8.1
could serve to provide general estinmates for the new area. \here
TL differences are expected or known to exist, the propagation
equations should be nodified accordingly, preferably by using
nmeasur ed dat a.
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TABLE 8. 1.

Pa

0.1
0.5
0.9

Alr Gun -

Array -

5586 Bolt Beranek and Newman Inc
EFFECTI VE PEAK PRESSURE VERSUS RANGE RELATI ONSHI PS
BETWEEN Al R GUN AND SEI SM C ARRAY SOURCES I N THE TEST
AREA .

Predicted Range (d,= 50 m
dg =50m dg = 200 m
5 Al r Qun Array* Air Qun Array*

dB//1yPa (m) (km (m) (km)

164 750 2.8 650 3.6

170 400 2.1 300 2.5

180 100 1.2 70 1.2
100 cu. in., 4500 psi, 6 pulses/rein.
4000 cu. in., 2000 psi, 4 pulses/rein.

*The predicted range values for the array are based on the
assunption that the probability of avoi dance sound exposure
values for the array are approximately equal to those of the air

gun.
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9. CONCLUSIONS AND RECOMMENDATI ONS

9.1 Concl usions

The follow ng conclusions summarize the results of the
behavi oral observations and acoustic nmeasurenments for the January
1984 field tests and the subsequent data analysis. The concl u-
sions generally agree with those stated in Report 5366 covering
the previous field work. Any differences which have been found
are generally mnor and are usually the result of obtaining a
| arger data base.

9.1.1 Behavioral responses of gray whales during southbound
m gration
In order to assess the possible responses of mgrating gray
whal es to industrial and air gun sounds, the track deflection
program devel oped for |ast years' study was used. The measures
for assessing responses were:

Track deflection (D) - the distance inshore or offshore of
t he sound source (VARUA or Cheyenne
Arrow ) .

Speed - Cumul ative speed of a whale group
for a particular interval.

Course bearing The course of the whale group for a

particular interval.

VARUA bearing the angl e between the course of the
whal e group and the bearing to the

sound source.

Probability density functions which neasure the percentage
of tracks crossing a segnent of a grid line were devel oped from
the track deflection cumul ative frequency data on the DY score.
These probability density functions illustrated the effects of
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the sound playbacks in km of displacenent of the whales from
their normal mgratory sw nming patterns.

A neasure of the probability of avoi dance was devel oped by

conparing the densities of whale tracks under control and
experinental conditions. The results of this analysis are

presented in Sec. 9.1.2.

The results of conparing all playbacks pool ed together
conpared to a pooled control condition strongly indicate that

whal es avoi ded the area of the playback source and there was sone

i ndi cation that they slow down both before and after passing the
sour ce. The results of the track deflection programfor each
acoustic exposure are presented in Table 9.1. This table shows

that each stinmulus except for sem -subnersible evoked statistically

significant responses.

9.1.2 Acoustic neasurenents

Playback Source

The playback tests again denonstrated that gray whal es have
| owfrequency hearing threshol ds which are bel ow the prevailing
anbi ent noise levels in the test area. This was initially
observed using orca vocalization playback stimuli during the
January, 1983 field tests. It was confirmed again during the
January, 1984 tests when small changes in course bearing were
observed at a range of 3 kmin response to industrial noise
pl aybacks. The signal |evels of the playback stimuli at this
range approached O dB in the |oudest 1/3 octave band of the
signal . The result of these course changes, as the whales
approached the sound source, was an increase in the distance
bet ween the whal es and the source at the cl osest point of
approach.  This behavior was defined as avoi dance behavi or.

R S EN By SN BN AN BE B A G



TABLE 9.1.

SUMMARY OF RESPONSES OF GRAY WHALES

SOUTHBOUND M GRATI ON ¥#I1eLD SEASON.

Statistical
Measur e

Track Deflection

O Speed

Conpass

Bearing

VARUA
Bearing

Product ion
Pl atform

deflect away at
+1. 0 km to -0.5 km
and at -2.0 km

slow down at at
+2.0 kmto 0.5 km
and at -1.0 kmto
-3 km

NS

deflect away at
1.0 kmto 0.5 km

deflect away at
+1.0 kmto -2.0 km

one case ot slow
down and at +3.0 km
to +2.0 km

NS

deflect away at
+ 3.0 km to -1.0 k m

Acoustic Exposure

Drillship

deflect anway at
+2.0 km o-2.0 km

speedup at +0. 5
to 0.0 km sl ow down
and O 0 km Lo

-1.0 km

One case of detlec-
tion at +2.0 to
+1.0 km

deflect away at
+2.0 kmto -2.0 km

Semi -
subnersi bl e

NS

NS

one case of deflec-
at -2.0 kmto
-3.0 km

T S| X CATEGORI ES OF ACOUSTIC EXPOSURE USED | N ‘FTHE JANUARY 1984

Hel i copt er

deflection at
-1.0 «kmto -20km

NS

defl ection at
to +1.0 km

+3.0

deflect away at

+3.0 kmto +2.0 km
at +0.5 kmto 0.0 km
and at -0.5 kmto
-2.0 km

Moor ed
Air Gun

deflect away at
+3. 0 kmto +1.0 km
and at 0.0 km

sl ow down at
0.0 kmto -0.5 km

deflect away at
+2.0 kmto 0.0 km

defl ect away at
1.0 kmto 0.0 km

*oON 21aodey
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An anal ysis procedure was devel oped which permtted
determ nation of the probability of avoi dance of the region near
the playback source. This neasure showed that avoi dance behavi or
began at sound exposure levels of around 110 dB (re 1luPa) for the
overal |l signal and was greater than 80% for regions with signal
| evel s higher than 130 dB. Sone variation anong the various
pl ayback stimuli was observed with the drillship producing the
great est avoi dance and the production platformthe | owest, for
| evel s between 110 and 125 d4B. However for |evels between 125
and 130 dB the reactions to all playback stimuli were conparable.

The results obtained using the probability of avoidance
anal ysis denonstrated greater sensitivity to small track
di stribution changes than the Kol nogorov-Smrnov test procedure.
This is particularly true for track distribution changes which
primarily affect the variance of the distribution wthout
produci ng much change in the nean. For the sem subnersible rig
pl ayback and, to sone degree, for the air gun experinent, the
whal e tracks diverged both inshore and of fshore of the source
area rather than the overall distribution of tracks deflecting
seaward as was the case for nost of the playback experinents.
Thus, for the sem -subnersible playback, the Kol nogorov-Sm rnov
tests did not show significant differences between the control
and experinental conditions? but the avoidance analysis did show
a considerable change in the track density near the source when
conpared to the control condition track density in the sane area.

Air GQun Source

The probability of avoidance analysis for the air gun source
showed that the threshold of avoi dance behavi or occurred for
effective peak pressure levels around 164 dB. This was sonewhat
hi gher than the | evel of 160 dB which was observed to produce
changes in the mgration behavior of nother-calf pairs during
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the April-May 1983 field test. Ef fecti ve peak pressure |evels of
180 dB (re 1uPa) were observed to produce nearly conplete
avoi dance of the area

Ef fecti ve Range of Operating Sources

A summary of the results of the probability of avoidance
analysis is given in Table 9.2(a) for the playback stimuli and
the air gun. An estimate of the effective range of the origina
petrol eumindustry sources was made by assum ng that they were
operating in the test area. This was necessary because TL char-
acteristics for the original source |ocations were not avail able
(except for the drillship). The TL characteristic shown in Fig.
5.11 was used for ranges greater than 100 mw th the assunption
that the source was at the VARUA position. For ranges |ess than
100 ma 20 log (R characteristic was assumed. Wth these
assunptions, Table 9.2(b) was devel oped which shows the effective
range of the sources for a 0.5 probability of avoi dance. Not e
that the effective range of nost of the noise sources is |ess
than 100 mif the very |ow frequency conponents of their signals
produce avoi dance reactions conparable to the playback spectrum
at the same exposure |evel

In making this estinmate of effective range, we have con-
sidered that the hearing sensitivity of gray whales for |ow
frequency noi se conponents bel ow 40 Hz is conparable to their
hearing sensitivity in the playback range above 40 Hz. The | ow
frequency sound exposure | evels producing a 0.5 avoi dance
probability for each source were thus considered to be equal to
t he val ues determ ned using the playback data for that source.
The effective range values estimated for the | ow frequency
conponents shoul d thus be conservative since it is probable that
the | ow frequency hearing threshold of whales actually becones

9-5



'

TasLE 9.2(a). COWPARISON OF PROBABILITY OF AVO DANCE LEVELS for THE TEST STIMULI.

Stinulus Level, 4B re 1p Pa

Drilling Production Semi- Avg. Air GQun
Pa DrillShip Platform Platform Helicopter submersible Pl ayback (Seismic Array)
0.1 110 114 120 115 115 115 164
0.5 117 117 123 120 120 119 170
8.9 122 >128 >129 >127 >128 >127 >180

TABLE 9.2({b) EFPFECTIVE RARNGE IN TEST ARBA FOR P, = 0.5

Drilling Production _ Semi-~ _ o

prillship Platform Platform Helicopter submersible Air GQun Seismic Array’
Sound Level  136(1) 89 109 103¢3) 101 180 212 (dB re 1uPa)
at 100 m (109)2 (118) (118) (111)
Sound Level 117 117 123 120 120° 170 170 (dB re 1luPa)
for P,=0.5
Requi red 19 -28 -14 ~17 -19 10 42 dBre 1 m
TL Change (-8) (-5) (-2) (-9)
Est. Range 1.1 km 4 m .20 m 14 n(4) il m 400 m 2.5 knm
for p,=0.5 40 n (56 m (79 m) (35 m)
Notes: 1) Estimated sound level at 100 m for broadband or summed tonal conponents of

original source included with good fidelity in playback (from Table 3.1).

(2) Estimated sound level at 100 m of loudest |ow frequency tonal conponents of
original source not reproduced adequately by playback (from Table 3.1).

(3) These levels areestimated for a direct flyover at an altitude of 100 m

(4) These vawesare altitude predictions for producing 120 dB in the water at
a point just below the surface for a direct flyover.

(5) Data from Report No. 5366, array orientation-broadside.

(6) Referred to transmission |oss at 100 m.
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less sensitive at |low frequencies as an adaptation to the char-
acteristic of low frequency anbient noise in the ocean which
increases in level as frequency decreases.

The values of 1.1 km for the drillship and 2.5 km tfor the
seismc array for a 0.5 probability of avoidance show that these
sources are nmuch nore inportant fromthe standpoint of potential
m gration behavior inpact than are the drilling platform produc-
tion platform semisubmersible rig, and helicopter sources which
have only short range effects for the exanples tested.

9.2 Recommendati ons

9.2.1 Acoustic studies

The procedure devel oped for obtaining the approxi mate prob-
ability density plots fromthe track frequency distributions
needs to be refined to mnimze the effects of the discrete
increments in the distribution, particularly for distributions
with smaller sanple sizes. A snoothing w ndow function such as a
Gaussi an or Harm ng wi ndow may be better than the rectangul ar
w ndow used in the present analysis

The useful ness of the probability of avoi dance character-
istic should be tested by additional studies in other areas to
determne if the predicted avoi dance behavior is observed at the
sound exposure levels determined in this study. Further study
shoul d be nmade of gray whal es engaged in non-mgratory activities
such as feeding, to determine if sound avoi dance | evel s change
under different social context.

The problemw th working with high cost sources such as air
gun support vessels and seismc array vessels is that the desire

to maxi m ze the anmount of tinme spent collecting test data cones
at the expense of obtaining adequate control data. It is

9-7
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difficult to have the source remain inactive while control data
are obtained. Wiile we did better in this regard during the
January, 1984, season than during the previous test periods, nore
control data would have been useful to inprove the confidence

| evel s of the statistical analysis.

922 “Mtigating acoustic source inpact

Platforns, Drillships, and Helicopters

The behavi oral observations for the playback stinuli suggest
that only the |oudest industrial noise sources evoke avoi dance
behavior fromm grating gray whal es at ranges greater than 100 m
The effective decoupling of elevated platfornms fromthe water
surface probably is very useful in reducing the anount of
acoustic energy radiated into the water fromthis type of source.
Hel i copters are a very localized noise source because of the
l[imted area through which they radiate sound into the water.
Thus, flight paths directed to mnimze overflight of whales wll
al so mnimze the observed disturbing quality of helicopter
noise. The loudest oil and gas industry sources, excluding
sei sm c exploration sources, are probably drillships, dredges,
tankers, and their icebreaking counterparts which are now bei ng
used in the arctic. Mtigation of noise fromthese sources is
difficult. It can be achieved by design considerations in new
construction, by nodification of existing vessels, or by schedul -
ing operations to have a mninmal inpact on periods of whale
avoi dance. Since all of these alternatives are expensive, it is
inportant to. establish the noise levels at which significant
behavi oral changes occur in the inpacted species so that
irrel evant noi se reduction efforts can be avoi ded.
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Sei sm ¢ Sources

The directionality of the seismic array can be utilized to
reduce sound levels near shore by directing survey tracks
primarily normal to the shoreline, if the data overlap
requi rements of the survey permt this type of grid pattern
Surveys in shallow water (less than 100 n) are benefited by high
bottomreflection loss if nonducted propagati on conditions
exi st . Seasonal changes in propagation conditions should be
studied to determne if there is a maxi mum TL peri od.

9-9
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A.l | NTRODUCTI ON

It has been established for nmany years that the California
stock of the gray ‘whale, Eschrichtius robustus, mgrates annually
along a coastal corridor between the breeding grounds in the
| agoons of the Baj a peninsula of Mexico to their feeding grounds
in the Bering and Chukchi Seas near Al aska. Questions regardi ng
the inpact of increasing industrial activities on the gray whal e,
including oil and gas exploration and devel opnent aerations
along the continental shelf require answers since such activities
often coincide with the presence of this endangered species
either during mgration, breeding, or feeding. As has been
stated previously in this report and in the conpanion report, BBN
No. 5366*, the overall objective of the BBN research effort is to
i nvestigate the behavioral response of mgrating gray whales to
acoustic stinuli associated with oil and gas exploration and
devel opnent . Included in the present contract is a requirenent
to develop a history of offshore seismc surveying activities
along the California coast and to determ ne the degree of co-

i nci dence of such activities with the presence of migrating gray
whal es.

The approach taken in the performance of this brief study
has utilized the literature survey contained in B8N 5366, glean-
ing details from selected references in that survey and to
distribute a questionnaire regarding offshore-Californ ia seismc
survey operations to 53 conpanies and organi zations. The history
of survey operations has been devel oped using the avail able
literature and questionnaire responses. Discussions and review
of the files of the California State Lands Comm ssion with regard

*Malme, C 1., P.R Mles, c.w, Jark, p.Tyack,and J.8. Bird,
BBN Report 5366, “lInvestigations of the Potential Effects of
Underwat er Noise from Petrol eum Industry Activities on Migrating
Gray \Wal e Behavior,” Novenber 1983.
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to marine seismc survey activities also provided inportant data
to this study. The questionnaires were distributed by the
International Association for Geophysical Contractors (IAGC) for
BBN and responses have been catal oged by code nunber only, so as
to protect any proprietary information which could be associ ated
wth a given conpany. Further, the M neral s Managenent Service
has been consulted and findings were reviewed regardi ng geo-
physi cal survey activities in California waters. A detailed
summary of the gray whale mgration characteristics along the
California coast also has been conpiled, updating earlier
publ i shed information by Pike (1962) and others for conparison
with the seismc survey history to determne the potential for
coi nci dence of survey operations with mgrating gray whal es.

It must be stated at the outset that this seismc survey
hi story nust be considered to be an overview and shoul d not be
used as a conplete or exhaustive item zation of survey activities
since the comencenent of major offshore subbottom profiling work
during the 1940’ s. Necessarily, the extent of this history has
been dictated in large part by the detail and nunber of responses
to the questionnaire.

The foll owi ng pages include the results of the devel opnent
of a seismc survey history and a review of the types of seismc
techni ques used (Section A2), an update of the characteristics of
the gray whale mgration along the California coast (Section A3)
and a conparison of the two reviews to determ ne the extent of
coi nci dence between m grating whales and seism c survey
activities in a conclusions section (Section aA.4). A list of
sel ected references is provided at the back of this Appendi x.
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A .2 SEI SM C SURVEY H STORY

A.2.1 Background

Seismic exploration requires the use of high energy sources
of sound or vibration to generate seisnmic waves in the earth's
crust for the purpose of defining geologic structure. Miltiple
point firing of seismc sources and reception of refracted and
reflected signals permts the definition of structural differ-
ences in the sub-surface geol ogy through the use of appropriate
signal processing. The ultimate purpose of such work is to
| ocate geol ogic structures which are associated typically with
the presence of oil or gas. Gven the location of such struc-
tures, an organization may then decide to drill to the potenti al
sour ce. Early seismic work was done on land only and then
started to be performed in marsh areas along t’he coast,
particularly the @Qlf coast, and then into the shallow waters of
the continental margins. This expansion of seismc exploration
into the marine environment comrenced in the mid-1940s with the
use of chem cal explosives, primarily dynamte and TNT. Most  of
the oil and gas industry work was performed close to s’ here where
reserves could be tapped with relative ease from | and-based and
near-shore drilling equipment. Academi c institutions also per-
formed surveys in both shallow and deep water, with the primary
obj ective of devel opi ng an understandi ng of the geol ogy and
structure of the continental margins. Location of petro-fuel
deposits was not a major interest of these groups (e.g., Lanent
Ceol ogi cal Qbservatory, Scripps Institution of Cceanography, and
Wods Hole CQceanographic Institution).

The al nost excl usi ve use of expl osives for geophysical
expl oration continued until the md-1960's (Espey, 1977) con-
centrating on refraction survey techniques requiring atwo ship
operation. Wth this technique, one ship would fire a series of
expl osi ve charges while opening the di stance from a second vesse
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havi ng a hydrophone system for -measuring arriving seismic signal s
whi ch are refracted within the geol ogic structure. 1f a charge
is fired at a deep depth to maxi m ze energy coupling efficiency,

a phenonenon terned bubble pulse oscillation causes a train of
several high level pulses of sound. These nultiple pul ses cause a
confused or "noisey" return signal fromthe geol ogical structure.*
The exploration industry solved the bubble pulse problemby fir-
ing the charges at a shallow depth where the initial bubble was
vented to the atnosphere. This technique, however, required the
use of larger explosive charges since the venting significantly
reduced the energy coupling efficiency. About 30 tinmes as nuch”
expl osi ve was needed to achi eve the sanme useful seismc energy of
adeep charge according to Mayne (1972) and Kraner, et al.

(1968). Charge sizes ranged from 1- to 200-300 1bs of dynamte
or simlar chemcal explosive, with nost common sizes rangi ng
from30 to 50 1lbs, depending on the application and desired depth
of penetration of seismc energy.

The problems of handling, supply in renote areas and, to a
| arge extent, concern regarding damage to fish and ot her narine
life resulted in the devel opnent of new “non-dynamte” seismc
energy sources commencing in the md-1960 period. These sources
tended to be relatively small in size and could be operated in
arrays and fired with appropriate time control to achi eve down-
ward beamforming of the acoustic energy. Wth these new devel op-
ments in seismc energy sources which could be fired repeatedly

*The expl osion causes a large rapidly expanding gas bubble to
occur within the water volunme. The nonentum of that expansion
carries the bubble volunme beyond the point defining a bal ance
bet ween hydrostatic pressure and the rel eased energy fromthe
expl osion. The hydrostatic pressure then causes the bubble to
conpress rapidly until the stored energy from the conpression
causes the bubble to rebound. Thi s bubbl e oscillation can occur
several times causing a high |level pulse of sound with each
rebound.
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for long periods of tine, the survey techni ques evolved into
using seismc reflection al nost exclusively, permtting both
source and receiver to be operated from a single vessel

Significant savings in operating costs resulted.

The non-dynamite sources include:

air gun; conpressed air discharge into a
pi ston assenbly

spar ker; el ectric discharge of a capacitor
bank across el ectrodes

» booner; el ectric discharge of a capacitor
bank across two netallic plates

gas sl eeve expl oder; ignition of a gas m xture (usually
propane and oxygen) in a plastic sleeve

+ water gun; hi gh pressure water to solenoid-
triggered piston

Vapor choc* ; hi gh pressure steam ejection
through jets into the water

» Fl exichoc*; i mpul sive exposure of an evacuated
chanber to hydrostatic pressure

+ Flexotir*; small charges (1/8-1b) of explo-
sive contained in a perforated sphere

« Vibroseis* ; conti nuousl y-driven piston with
vari abl e frequency waveform

Agquapulse*; gas expl oder
In all of these new sources, various nethods have been devel oped
to either suppress or nearly elimnate the bubble pul se phenome-

*Trademarks of: Compagnie Generale de Geophysigue (Vaporchoc),
Institute Francais du Petrole (Flexichoc and Flexotir),

Continental G| Co. (vibroseis) and Western Geophysical Co.
(Aquapulse).
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non wi thout the need to vent to the atnosphere.

In summary, dynamite and other explosives were used al nost
exclusively in marine seismc exploration work from the begi nning
in about 1945 until the mid-1960's. “Non-dynamite” sources now
are used in 99% of the marine exploration surveys (Espey, 1977).
These statements apply to all survey work done along the con-
tinental margins of the United States, including California, as
wel | as throughout the world. Air guns and sparker systens have
been used nost extensively in the late 1970's and 1980’ s.

A.2.2 Typical underwater sound |evels from sources

A conparison of typical peak-to-peak pressures calculated to
occur at a distance of |-nmeter fromthe source for various
seism c exploration devices, with correspondi ng peak source
| evel s (sound pressure level at |-neter) is given in Table A.1.
The standard exploration industry unit for peak-to-peak pressure
generated by a device is bar-neters or the nunber of afnospheres
(14.7 psi = 1 atnosphere or 1 bar) neasured at a distance of 1
meter. Acoustic sound pressure level at 1 neter (source |evel)
is conputed fromthe peak-to-peak pressure according to the
following algorithm

P
Ls = 100 + 201 0g (gpxlOs)

‘here ‘PP is the peak-to-peak pressure in bars. Energy sources
in the table have been arranged in order of estimted source

| evel . Levels for the non-dynamte sources applytoenergy
measured I n a low frequency band, usually Oto 125 Hz. The



o]
1)
TABLE A-1 . SEI SM C ENERGY SOURCE CHARACTERISTICS. '8
~
Approx. l""
Peak-to-Peak Est. source Z
] Pressure Level o
Si ze (bar-m) dB//pyPa @ 1 m Reference .
Expl osi ve Sources %)
TNT (and 60% dynamite) 14 448 267 arons (1954) g
304 1416 277 Aron s {1954) -
Bl ack Powder 1# 40 246 urick (1967)
Non- expl osi ve Sources
Air Gun Array 40, 100 in.’guns 63 250 Malme, et al,(1983)
(2000 psi)
Vater Gun Array 18, 80 in.’guns 36 245 Ri chardson, et al. (1983)
vaporchoc || 2kg steam (8 jets, 60 Bar) 32 244 Ri chardson, et al. (1983)
Air Gun 2000 in,3 (1 ea.) 18 239 Bolt I nc.
Flexichoc Array 16 el enents 10 234 Ri chardson, et al. (1983)
vaporchoc I 2 kg steam (1 jet, 60 Bar) 8 232 Ri chardson, et al. (1983)
) Air Gun 100 in, 3 (1 ea.) 4 226 Bolt inc.
N At Qun 100 in.’ 2.5 222 Malme, et al, (1983)
water Qun 80 in.’(1 ea) 2.2 221 Sei snic Sys., Inc.
Spar ker 30 k-joule 2.2 221 Ri chardson, et al, (1983)
Gas Expl oder Single sleeve 1.4 217 Ri chardson, et al. (1983)
Water Gun 57 in.° 1.4 217 Hydroshock, |nc.
Mini-Boomer (Acoustipulse) 500 joules 0.8 212 BuN/McLelland

*arons predi cted level at 100 mrange, corrected to 1 meter according to spherical spreading (20 log R).

Energy Ratio

Ranki - “Energy Ratio”*

Dynamite (60%) 0.37 Kramer, et al. (1968)
2000 psi Air Qun Array 0.36
Aguapulse Gas Exploder 0.092
Sparker (18 kj) 0.016
Boomer (1 kj) 0,011
Sparker (1 kj) 0.006

“iEnergy RAtiO - Potential &neray_of bubbile
Intrinsic Eneryy of Source

*OUl uemMSN pue Xaueaed 1I1TO0dH
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| evel s for explosives are typical broadband |evels, but nost
energy is concentrated in the low frequency portion of the
spect rum

Reviewing the table clearly denonstrates that the use of TNT
or 60% dynamite devel ops significantly higher peak-to-peak pres-
sures than the non-dynam te sources. Recal | that since dynamte
has to be vented at the surface in order to avoid the bubble
pul se problem 30 tinmes nore explosive is required to achieve the
sanme seismc efficiency as a non-vented charge at depth. The
non- expl osi ve (non-dynamte) sources clearly exhibit |ower peak-
t 0o- peak pressures than the TNT or dynam te sources, although the
40 unit array of air guns exhibits about 4 dB higher sound pres-
sure level than a 14 charge of black powder. It is very inport-
antto note, however, that the purpose of arraying sound sources
is to obtain directivity so as to direct energy downward toward
the ocean bottom. In so doing, downward and beam aspect |evels
are generally about the sane (the levels for arrayed sources in
the table are for beam aspect). The radi ation pattern has a
doubl e cardi od pattern exhibiting nulls in sound |level directly
ahead (bow) and directly aft (stern) of the towed direction for
the array. Nulls of 20 4B or nore can usually be expected,
representing a 10:1 reduction of peak sound pressure from a
seismic energy source. Typical firing rates of these "non-
dynam te sources vary from one pulse every 3 to-15 seconds,
dependi ng on the system and geol ogi c application.

Also included in Table A.1is a ranking of a few seismc
energy sources based on “Energy Ratio” as presented by Kraner et
al. (1968). Energy Ratio in this exanple is the ratio of the
potential energy of the gaseous bubble caused by the source to
the intrinsic energy of the source. This ranking was devel oped
by Kramer and his associates both theoretically and experi -
mental |y, assunming each device is fired at the same depth. The
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energy priorities are very simlar to the rankings in the main
part of the table, based on peak pressure and sound pressure

| evel . In their ranking and associ ated graphi cal conpari sons,
TNT and 60% dynanmite follow the same energy ratio curve.

The inportant conclusion to be drawn fromthis brief summary
of seismc energy sources is that through the devel opment of non-
dynanmi te devices, and inproved signal processing techniques the
mari ne seismc exploration industry has been able to inprove the
guality of data while significantly reducing the anmount of
seismic energy required. Potential inpact on marine |life has
been reduced accordingly.

The recent report by Bolt Beranek and Newman Inc., Malme, et
al. (1983), denonstrated that a 40 unit array of 100 in.%air
guns caused sone statistically detectable changes in nornal
behavi or of m grating gray whales (nother/calf pairs) when
exposed to beantaspect sound |l evels at a distance of about 2.7
miles (5 kil oneters). A single 100 in‘air gun elicited sinilar
response from a distance of about 0.6 miles (1 kiloneter). At
bow Or stern aspect, array-produced sound |evels could be
expected to approach that of the single air gun.

A.2.3 Marine seismic exploration in California

The developnment of a precise history of seismc surveying in
California waters, both within the 3 mle territorial limt of
state waters and offshore in the outer continental shelf regions,
is dictated by the degree of response from industry, government,
and university sources. This survey was perfornmed in a short
period of tinme and few organizations maintain a running sunmmary
of all offshore exploration work which is in a form that |ends
itself to general publication. Much of the data are considered
to be proprietary because of the highiy conpetitive nature of the
busi ness. The International Association of Geophysical Contractors
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(IAGC) agreed to serve as a clearing house of tabular summaries
of survey work perfornmed. A total of 53 oil conpanies, marine
geophysi cal survey conpanies including a few universities and
gover nnent organi zations were asked by the 1AGC to conplete a
formthat asked for the follow ng information:

« survey nunber,

« survey period,
appr oxi mat e geographi ¢ coordi nat es,
survey system or energy source used,
firing rate,

nunber and size of vessels used

Each organi zati on was assured that conpany names woul d be renoved
fromall data submtted and that only a code nunber woul d be
assigned to facilitate discussion. O the 53 organi zations
solicited, 12 responded, 9 of which provided data summari es. The
California State Lands Comm ssion (CSLC) had been performng a
simlar historical summary for other reasons and they offered to
allowus to use their summaries, given approval from the ori-
ginating organization. Those approvals were obtained and doing so
i ncreased the nunber of responding organizations with data to

21.  Finally, the US. Geophysical Data Center in Boul der,

Col orado, offered to scan their extensive geophysical data files
and to sunmarize seismc surveys for offshore California areas.
They provided data from four university or university-rel ated
groups, three governnent agencies and the U S. Navy, increasing
the total number of marine seismic survey organizations to 29,
representing a respectable percentage of all organizations that
have done work in California. Di scussing the response with
various people gives us confidence that probably about 80% of the
survey work done at |east since 1970 has been covered. In fact,

A-10
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there nmay ‘be sone duplication, since sonme of the respondents are
mari ne geophysi cal survey organi zati ons whi ch devel op seismic
survey files on "spec" and offer those data to the oil and gas

i ndustry as a whole for their use. Therefore, sonme of the oil
and gas industry responses may duplicate sone of the survey

i ndustry responses. The percentage of the data in that category
could not be resolved.

The following figures (A through A 32) provide a general
overall summary of the responses to our inquiries through the
IAGC and the CSLC. Because of the highly variable nature of the
detail in the responses, it has been necessary to provide data
which represent a general summary of the seismic survey history
in the region, Precise locations of survey areas were usually
not provided and instead general |locations were given such as
"Santa Barbara Channel” or “Santa Maria Basin.” ‘“VWiile seisnmic
energy sources used were usually specified, their precise defini-
tion, such as array size or peak-to-peak pressure per pulse
usually was not given. In addition to noting the type of system
used, we have also indicated in a general sense whether the
survey work was perforned during probable presence of migrating
gray whales, during periods when migrating gray whales are
not present and those surveys for which no survey period was
gi ven.

Reviewing the years during which survey work was performed
(noted in the legend of each figure), it becones apparent that
very few responses provided data Eor periods before 1970. Most
of the data apply to work perforned after 1975.  Approxi mately
50% of the surveys were performed during times when there is a
probabl e presence of mgrating gray whales. while migration
patterns are discussed in detail in the follow ng section, one
can expect the presence of either southbound or northbound whal es
at alnost any tinme in California waters between m d- Decenber
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until the third week in the followng May, enconpassing a 5 to
5 1/2 nonth period. A large part of the seismc survey work has
been perforned in Southern California waters, wth enphasis on
the Santa Barbara Channel, Channel 1Islands, southern basins, and
the Santa Maria Basin (north of Point Conception to about Mrro
Bay) . it is difficult to develop nunbers regarding distance of
the surveys to potential mgrating gray whales without precise
data regarding the actual |ocations and dates of the survey

wor K. Neverthel ess, if we accept the general nature of these
figures, it is probable that only a small percentage of the
actual surveys were perforned within distances where behavioral
responses could be expected (based on the published results of
the BBN neasurenents, Malme, et al., (1983) ). That is, it appears
that since non-dynamte sources now represent about 99% of the
seismic systens used (since the mid- to late-1960"s), the survey
work would probably have to be within 3 nmiles of mgrating gray
whal es to cause behavioral response. The degree of response is
di scussed bel ow. The question regarding long-term inpact cannot
be answered at this tine.

Figures A.33 through A 40 provide conputer plots of surveys
performed by Lament, NOAA, U S. GCeol ogical survey, Oregon State
University, University of Hawaii, U.S. Navy, Scripps, and
M nerals Managenment Service. These data were provided by the
Nati onal Geophysical Data Center.

Most of the responses to the IAGC and CSLC inquiries
i ncluded general information regarding the nunber of line mles
surveyed. Table A 2 tabulates those data, denonstrating that the
21 respondents submitting data accunulated a total of 371,325
line mles during the period 1964-1983 along the California
coast . (In the survey industry, it is standard to itemze length
of’ surveys in statute mles rather than nautical mles.) The
file review performed for this study by the National Geophysical
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TABLE A. 2. SUWARY OF SEI SM C SURVEY LI NE MILES.

Sei sni ¢ Surveyor Line HMiles (Statute) Year s

IAGC and CSLC:

2 Unknown 1975, 76, 80
3 12, 250 1982, 83
4 25,972 1982
8 42,053 1964- 81
9 1,100 1982- 83
11 46, 517~ 1' 374- 83
15-1 6, 000 1978-79
-2 24, 950 45,600 1979- 80
-3 14,650 1979-81
18 32,440 ?
23 10,916 1974- 82
27-1 6,335 1973, 74, 77, 78- 80
-2 3,746 1980- 81
3 2,678 21, 200 1981- 82
-4 1, 767 1982- 83
-5 3,920 1979, 80, 82, 83
6 2,754, 1982- 83
28 2,300 1983
32 Unknown
43 Unknown
45-1 39, 060 1970, 73-80
-2 7,080 1980- 81
-3 13,140 | 111, 660 1981- 82
-4 47, 160 1982- 83
5 5,220 1981- 82
47 2,971 1977- 83
48 1, 320 1976- 81
49 8,120 1973- 83
52 ? 1976-79
54 2,300 1981- 82
55 650 1983
56 3, 956 1966- 83
371,325

*No plot; data submitted did not include

A- 53
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Bolt Beranek and Newman Inc.

TABLE A.2. (Cont.) SUMVARY OF SEI SM C SURVEY LI NE MILES.

Sei sni ¢ Surveyor

Line Mles (Statute)

Nati onal Geophysical Data Center:

Lanment 599
NOAA 16, 137
USGS 6, 482
Oregon St. Univ. 2,766
Us. Navy 7,269
Scripps Inst. Oceanog. 8, 408
U. Hawai i 102
MVE Land Sal e 48 5,551
MVE Land Sal e 53 8,115
MMs Land Sal e 68 4,721
60,150

FI NAL TOTAL 431, 475
A-54

18,387

Line Mles

Year s

1967

1965- 75

1964-78

1972-74

1968-77

1969-78

1974

1977-78 (Ott.-E’eb)
1979-80 (July-June
1980-81 (Cct.-Jan.

)
)
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Data Center shows an additional 60,150 line mles for 1964-1981.
There is a good chance, which cannot be confirned, that the
18,387 line mles in the NGC data for M neral s Managenent
Service are redundant with sone of the survey sunmary data

provi ded by industry for this study. Nevert hel ess, a total of
429,175 line mles of survey work (not considering possible
redundant entries) along the coast of California was perforned
during the 1964 to 1983 peri od. Unfortunately, because of the
general nature of the line mle sunmaries provided, we cannot
itemze line mles by individual year or by shorter periods.

Work prior to 1964, for the nost part, was done wth explosives
Probably over 90% of the work summarized here was perforned with
“non-dynanmite” seismc survey techniques. Considering the
responses to this study fromthe industry and other organi zations
and general discussions with several organizations, we feel that
this summary represents about 80% of all survey work perforned
during the period noted. The remai ning 20% nay of fset the anount
of redundancy in the data. Therefore, it appears that about
430,000 line mles of seismc survey work has been performed in
California since the md-1960s.

Table A .3 provides a summary of line mles of marine
geophysi cal surveys as published in Geophysics, the journal of
the Society of Exploration Geophysicists (SEG) as prepared by the
SEG for the California State Lands Conmission. \While this com
pilation is probably not conplete (in fact, it apparently
i ncludes surveys in West Coast regions other than California), it
does enphasi ze the vari able nature of seismc survey activity.
The sharp null of activity from 1970 to 1972 was due to the oi
enbargo problenms of that period.* Qher fluctuations cannot be

*Two of the respondants to the BBN survey did do work in that

nul'l period, however. They reported a total of 2,820 line mles
in 1970 and 2,000 mles in 1971.
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TABLE A-3. OFFSHORE PETROLEUM SEI SM C ACTI VI TY.
(Prepared by Society of Exploration Geophysists.)

Approx.
Year Area Crew Mont hs Line MIes*
1960 Pacific Coast 4 3,084**
1961 Pacific Coast 34 26,214
1962 Pacific Coast 53 40,863**
1963 Pacific Coast 39 30,069**
1964 Pacific Coast 45 34,695%*
1965 West Coast 49 37,779~
1966 California 26 20,046**
1967 California 34 26,214%*
1968 California 10 7,710%**
1969 California 19 14,649**
1970 California 5 3,855
1971 California 0 0
1972 California 3 2,313*%*
1973 California 27 20,817*%
1974 California 58.2 44,872%*
1975 California 31.0 25,548
1976 California 28.9 18,209
1977 West Coast 20.7 15,173
1978 West Coast 38.8 29,806
1979 West Coast 28.3 26,500
1980 West Coast 57.5 39,843
1981 West Coast 33.4 21,024
1982 West Coast 53.0 50,716
TOTAL EST. 539, 999

*Line mles = statute miles covered by survey.

**Crew months were provided by SEG; we have assuned an
average of 771 line mles/crew nonths to conmpute |ine
mles. This average was obtained fromthe years 1975-
1982 for which both line miles and crew nonths were
provi ded.

A-56

— - - - :



Report No. 5586 Bolt Beranek and Newman |nc

\

explained at this time, although nmany such variations are
directly due to such factors as political clinmate, size, and
conditions of active reserves and predictions of energy use rate
by the country as a whole.

The SEG conpilation includes 184,233 line mles for
“California, “ 134,925 line miles for “Pacific Coast,” and 220, 841
line mles for “Wst Coast.” The responses to the survey under
this project for California waters, sunmarized in the previous
figures, represent 369,025 line mles plus an additional 60,150
line mles fromthe Geophysical DataCenter contributions. The
peri od covered by these responses is 1960 to 1983 with a smal
contribution (2,174 miles) in early 1984, If the SEG summary is
reasonably accurate, there nmust be California data included in
either or both of the “Wst Coast” and “Pacific Coast”
categori es.

Concl uding statenents regarding this seismc survey history
are discussed in Sec. A 4.
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A 3  GRAY WHALE M GRATI ON

O the two known stocks of the gray whale, one inhabits and
mgrates in the northwestern Pacific coastal regions and the
other is located in the eastern Pacific mgrating annually along
the west coast of North Anerica. These two stocks have been
designated the Korean and California stocks, respectively, by
Rice and Wolman (1971) in their detail ed nonograph concerning the
life history and ecol ogy of the gray whale. Fortunately for this
study, it is the California stock which has received the nost
attention by researchers both in the past and increasingly so in
recent years. The Rice and Wolman nonograph provides an
excel l ent summary of the coastal mgration and popul ation
estimates of the California stock as well as reviewng briefly
the limted information avail able on the Korean stock. In 1962,
Pi ke published an extensive summary of the migraton habits of the
gray whale, citing observations by nmany researchers, fromthe
feeding grounds all along the Pacific coast of North Anerica to
t he breeding |agoons in Mexico. Bot h publications serve as
standard references for those concerned with gray whal e research.

In the first phase of this present research effort by Bolt
Beranek and Newman and its team of whale behavioral scientists
studyi ng the behavioral response of mgrating gray whales to
acoustic stimuli, James Bird published an extensive literature
review in BBN Report No. 5366 (Malme, et al., 1983). Approxi-
mately 150 publications were reviewed and reported findi ngs
regarding mgration, population dynamics, and behavi or associ at ed
with industrial activity were summari zed.

Wth regard to the migratory characteristics of the gray
whal e, particularly along the coast of California, we will
suppl ement here the earlier findings of Pike (1962) and Rice and
Wolman (1971) with the nmore recent findings of such researchers

A-58



Report No. 5586 Bolt Beranek and Newran |nc.

as Poole (In Press), Reilly (1981), Braham (I n Press), and
Herzing and Mate (In Press), anong others. Figure a.41 presents
t he general geographic features of the southern portion of the
gray whale mgratory range, highlighting particular observation
regi ons whi ch have been used in recent years by various re-
searchers. Several of these regions will be referred to in the
foll ow ng discussion.

Cenerally, the recent research supports the earlier findings
regardi ng near-coast migratory corridors and the fact that south-
bound whal es exhi bit swi mm ng speeds which average twi ce that of
nort hbound mgrants (4 to 5 kts vs 2 to 3 kts). It has now
become clear that at |east along the California and oregon coasts
i nstead of the single broad noving pul se shown by sout hbound
ani mal s, the northbound mgration is divided into two phases.

The first phase (Phase A) is nmade up primarily of adult and
imature animals traveling singly and in small groups foll owed
approximately 1.5-2 nonths later by a second phase (Phase B) or
‘wave of nother/calf pairs. Southbound mgrants generally travel
from2 to 5 kmoffshore and, in a few limted cases, as distant
as 200 km from shore while the northbound whales are closer to
shore and frequently are observed in or near the surf-zone,
dependi ng on which phase is passing an observation site. The
Phase A migration tends to track 1 to 3 kmfrom shore and Phase
B, the nother/calf pairs, usually is seen near the surf zone.
Detailed sunmaries of mgration timng, swnmng rates, mgration
corridors, and popul ation dynam cs particularly along the
California coast, are presented below No attenpt will be made
to repeat the details of statistical analyses by others, although

a general review of their findings are included where appropri ate.
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A.3.1 Mgration Timng

Since Pike (1962) is commonly used as a source for estinmat-
ing mgration timng between the northern feedi ng grounds and the
sout hern breeding lagoons, it is helpful to superinpose recent
data on his cyclic mgration plot. Figure A 42 provides those
data. Approxi mate peak arrival tinmes of the mgrating gray whale
popul ation are plotted with the. Pike summary using his format.
The distance axis is referenced to Cedros Island in Mexico which
is located at the north end of the breeding | agoons region of the
Baja peninsula. Typical geographic |ocations used for gray whal e
observation are noted. The references used for the data points
given in the figure are noted by the nunber next to each cl osed
circle. It is imediately apparent that the northbound arriva
times are of fset somewhat fromthe Pike sunmary, generally
commencing earlier in the year by 2 to 4 weeks than estimated in
that reference. The hi-nobdal or dual phase mgration reported by
Poole (In Press), Dohl, et al. (1981), and Herzing and Mate (In
Press), is denonstrated in the Monterey, Northern California, and
Yaqui na Head, Oregon, data points with the “singles” arriving
early and the nother/calf pairs arriving late. A general 2 to 3
kt trend for swimmng speed is obtained by the slope of the
mgration curve. Southbound m grants adhere very closely to the
schedul e originally reported by Pike and denonstrate a 4 to 5 kt
speed during the nore rapid portion of the curve fromBritish
Columbia to Point Lonma in Southern California. Ri ce and Wolman
(1971) reported, through limted collection and exam nati on of
bot h sout hbound and northbound whales in the m d-1960 peri od,
that femal es without calves generally travel earlier than nales
and adult gray whales migrate earlier than sexually immature
ani nal s. It appears that the sanpling during northbound m gra-
tion occurred during Phase A particularly since nother/calf
pairs apparently were not encountered. Their sanpling took place
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near the 38° North latitude region of central California.
Nevert hel ess, Hessing (In Press) reports a hi-nodal trend of

nort hbound mgrants as far north as Unimak Pass in 1980 when peak
nunbers of whal es were observed during the | ast week of April and
then nother/calf pairs started arriving during the second week of
May.  Several authors report sitings along the southern coast of
Al aska, Canada, and northern United States coasts during the off-
m gratory season indicating that sone snmall percentage of the
popul ati on does not travel the full mgration route.

It is particularly useful to expand the scale of Fig. A 42
to examne mgration timng in the California coastal region.
Figure A.43 provides that summary. Wile it would be hel pful to
have nore data, the trends are clear. In this figure, the source
of the data regarding the peak nunbers of whal es per day passing
a given observation point is indicated by the parenthetical
number referencing listings in the previous figure. The years
refer to when the peak occurred. Mean speed of migration is that
whi ch was conputed fromthe table in the next section. The two-
phase or bimodal northbound mgration is clearly established in
this figure and it is conceivable that the -nother/calf pairs
travel northward nore slowy than the “singles” in phase A It
appears, in fact, that the San D ego observations reported by
Pi ke (1962) enconpassed both peaks of the northbound m gration.
Peak dates with a question mark on the Pike data (as well as that
for Leatherwood) are provided as a reasonabl e but unreported
estimate of the tine of peak passage. Duri ng observations by BBN
at the peak of the nother/calf mgration (Ref. 8), the nean speed
was 2.8 kt + 0.6 kt, although there appeared to be nore activity,
including mlling, apparent feeding, and noving about in kelp
beds and the surf, than they observed during southerly mgra-
tions. Included in this figure is a qualitative approximtion of
the distribution of the nunber of aninmals passing a given observa-
tion point. Here, the peak of each mgration pulse applies to
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that observed in the Mnterey area. These are provided to indi-
cate the tinme distribution ot these pul ses and, generally, to

i ndi cate that the peak rate of whales during the southbound
mgration is higher than either of the northward pul ses as one
m ght expect since the southerly mgrants have been divided into
two groups for northward travel. Approximte duration of each
pul se is noted and it is also indicated that in sone years and

| ocal es, particularly fromcentral to southern California, that
there is an overlap between trailing southbound m grants and
early northbound aninals. Simlarly, there is often a period ot
nort hbound singles traveling in the sane period as early north-
ward not her/calf pairs. Some observers, including R ce and
Wolman (1971), and Reilly (1981), have observed a skewed chara-
cter of these tinme-based distributions. The peaks generally
occur a few days before the geonetric nean of the tine period.

The ot her dinension of the mgration pul ses woul d be awkward
to show and we have resorted to generalization with the notes in
the table included with the figure. A mgration pulse is spread
out along the coast in a very significant way. The table
probably over-generalizes the effect. Neverthel ess, a pulse is
clearly many hundreds of mles long and probably is in the order
of 3,000 to 4,000 mles. Speed of travel along the mgration
route varies, usually starting out slowy and then speeding up as
the animals progress along the full 4,500 to 5,000 nmtrack.

Al of this points to the fact that there will be gray
whal es found continuously in California waters fromearly
Decenber wuntil mid-My, every winter and spring. There have been

a few reported isolated cases of gray whal es which apparently
sunmer-over in areas such as the Farallon |slands near San

Franci sco. It is not known whether these represent the exception
rather than the rule.
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A.3.2 Swnmmng Speed

The following table (Table A 4) sunmarizes sw nm ng speeds
along the migration route reported by various observers. The
sout hbound nean speed was conputed by averaging all values except
for the Uninmak Pass to San D ego speed which appears to be biased
by slow start-up of the pulse. ©One particularly interesting set
of data is that reported by Mate and Harvey (In Press) relating
to average speeds of a single northbound whal e which had been
tagged and tracked using a radio telenetry link. The gradual
increase in speed as the whale progresses along the mgration
route, which has been suspected by others, is established in
these data. There is little evidence regarding night-tine trave
rates, al though the whal e tagging data, as well as distant point-
to-point nonitoring of peak population arrival times, indicate
that swnmm ng rate does not change significantly fromday to
ni ght.

A.3.3 Mgration Corridors

It has been reported by nmany observers that southbound gray
whal es use a corridor which is further off-shore (averaging 2 to
5 km from shore) than the northbound mgrating whales (Phase Ais
comonly 1 to 3 kmfrom shore and Phase B from 10 to 200 m.

Gray whal es are coastal mgrants al though they apparently venture
occasionally into deep or open ocean areas. They generally stay
within the 10 to 50 fathom contours and according to Rice (1965)
gray whales are not often observed in water deeper than 180 m.
During their coastal paths the southbound whal es and Phase A of

t he northbound whal es commonly travel from point-to-point to
cross bays and avoi d bights and harbors. Phase B or the nother/
calf pairs during their northward trek commonly work the surtf-
zone , enter kelp beds and travel through bights and around

rocks. The reason for this is unclear although several
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researchers (e.g. , Poole, In Print) consider the need for feeding
al ong the near-shore bottomas a strong possibility. A so, the
presence of killer whales, Ocinus orca,, often causes gray
whales to enter kelp beds and the ‘surf zone where, it is
speculated, it is nore difficult for the orcas to acoustically

| ocate and/or comunicate effectively. Therefore, it is

concei vabl e that mother/calf pairs stay close to shore for
protection as well as for feeding purposes. Dohl, et al. (1982),
denonstrates observed mgration corridors between Point St.

George and the Channel Islands-south of Point Conception to
consist primarily of a single corridor but near San Francisco and
t he Channel Islands, several tracks are used. At San Francisco,
they are commonly seen to the west in the Farallone |sl ands,
approximately 25 mles from shore and also at about 15 and 10
mles or less fromshore. At Point Conception, the corridors
again split with sone whales traveling west of the Channe
Islands, sone between the islands and sone east of the islands.
Between Pt. Conception and ‘San Diego and south into Mexico, sone
gray whal es have been observed as far as 200 km (108 nm) from
shore [Rice and Wwolman (1971)1 , where they are crossing the large
coastal indentation between Pt. Conception and Pt. Loma. These
departures from general in-shore corridors are generally limted
to these two main areas in Caifornia, Table A5 summarizes

m gration corridor |ocations reported by vari ous observers.

Hi storically, Poole (In Press) reviews the trends of the
whal i ng i ndustry and docunents the fact that nost of the hunting
of gray whales occurred in coastal or in-shore regions. The
primary sources of information used by Poole, as well as others
such as Reilly (1981) were publications by Scammon in 1874 and
Townsend in 1887. They indicate that the original northbound
m gration corridor of gray whales included the kel p zone.
However, he goes on to say that |ater specul ation regarding
not her/calf pairs indicated the general belief that the whaling
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TABLE A.5.

Location
Newport, Oregon (Yaquina Head)
No. California (along coast)

(San Francisco)
(Channel Is.)

Monterey (Yankee Pt.)
Mont er ey

Mont er ey
Monterey (Yankee Pt.)

Mont erey (Soberanes Pt.)

Channel |sl ands

San Diego (Pt. Loma)

Monterey (Piedras Blancas)

Mont erey (Soberanes Pt.)
Pt. Buchon to Pt. Estero
{Morro Bay)

Newport, Oreygon
(Yaquina Head)

M GRATI ON  CORRI DCRS.

SOUTHBOUND M GRATI ON

Hax. Distance from Shore & of census

3.2 to 4.8 km 68%
(1.7 to 2.6 nm
1.8 km (1 nm
46 km (25 nm
83 km (45 nm
1.5 km (0.8 nm 73%
1.9 km (1.0 nm 95%
1.6 km (0.9 nm 94%
1.6 km (0.9 nm 40%
5 km (2.7 nm 95%
1to 4 km
(0.5 to 2 nm
200 km (108 nm
9.3 km (5 nm 41%
195 km (105 nm 100%

NORTHBOUND M GRATI ON

10 to 200 m 13%

0.2 t0 0.8 km(0.1 to 0.4 nm)  20%
0.8t032km (0.4 to 1.7 nm)  ¢7% ) Phase

10 to 200 m 96-99% Phase
10 to 500 m Phase
12 km (6.5 nm Phase
10 to 400 m Phase
1.6 to 3.2 km 50% Phase
(0.9 to 1.7 nm
O - 0.8 km 97% Phase
(0.4 nm

>

> > w w

Ref erence
Herzing & Mate (In Press)

bohl, et al. (1981)
Dohl , et al. (1981)

Dohl, et al. (1981)

Rice & Wolman (1971)
Rice & wolman (1971)

Sund & O Connor (1974)
Reilly (1981)
Reilly (1981)

Malme, et al. (1983)

Rice & wolman (1971)

Rice & Wolman (1971)
Ri ce & Wolman (1971)

Poole (In Press)

Poole (In Press)

Malme et al. (1983)

Poole (In Press)

Poole (In Press)

tHerzing & Mate (I n Press)

Herzing & Mate (In Press)
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i ndustry had driven this portion of the population to off-shore
routes., However, further study by Pool e indicates that nost of
the early qualitative reviews of population during the northward
mgration referred to tinme periods before one would expect Phase
B to pass. All early reports indicated that Phase A of the

nort hbound ani nals were found close to shore. Poole concludes
that there is a strong possibility that the nother/calf pairs
were m ssed by whalers and ot her observers for nearly 100 years
because of the nearly two nonth lag in arrival of nother/calf
pairs traveling near and in the surf-zone. Reilly (1981) also
presents a historical review and denonstrates that the sout hbound
migration also has consistently occurred close to shore. The
early reports do not quantify the distance from shore although
the whaling fishery was classified as being coastal.

A.3.4 Hi storical Population Trends

In an attenpt to determ ne the potential inpact of seismc
surveying on mgrating gray whales, a detailed review of research
by various observers regardi ng popul ation growmh or decline my
not be totally appropriate. Nevertheless, it is useful to
provide a general review of sone of the findings of research
scientists who have perfornmed detailed statistical studies of
gray whal e popul ation dynam cs and then to relate that in a
general way to the history of seism c surveying.

Early commercial hunting of gray whales in the late 1800 s
(primarily from about 1846-1874 with | ess intense whaling until
1900) obviously depleted the stock to near extinction. Present
day aboriginal kills of gray whales in the western Chukchi Sea
or Chukotski Peninsula areas by the USSR (reported by the
International Waling Conmm ssion in 1979) are causing an annual
depl etion of about 1.2% or 164 whal es based on 1979 stock size
estimates (Reilly, et al., 1983). G ay whal es becane protected
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by international agreement in 1946 and prior to that they were
given general protection in 1937. The USSR and Japan did not
sign those agreenents.

Reilly (1981) and Reilly, et al. (1980), show that Prior to
t he period of heavy whaling activity in the late 1800's, histori-
cal records and qualitative reports indicate that there were
about 15,000 gray whales in the California stock. They quote the
Scammons report in 1874 as stating that the stock in 1853-56 was
“probably not over 30,000.” By 1875, they report that by
estimates of others, the stock had been depleted to about 4,400
animals and Reilly (1981) quotes Henderson as feeling that the
depl etion continued resulting in a stock of about 2,000 at the
turn of the century. Ri ce and Wolman (1971) show. that data by
Gilmore in 1960 indicates that at least in the period of 1952 to
1960 followi ng cessation of major hunting (except for an upsurge
in the Soviet fishery), the popul ation of observed whal es off Pt

Loma i ncreased by 11i% per year. \Wether these observations truly
represent that |evel of growmh of the whale population (including
those animals beyond visual capability) is not clear. They

further report analysis of data reported by Hubbs and Hubbs in
1967 which indicates that between 1952 to 1954 the popul ation

i ncreased at an unspecified rate on the wintering grounds in the
Baja and then stayed constant between 1954 to 1964. Ri ce and
Wolman applied statistical analysis to those data and estinated
that the population did grow at a rate of 0.8% per year. Reilly
(1981) performed anal ysis of 10censuses perforned by Gard which
i ndi cated an annual overall exponential rate of popul ation

i ncrease of 2.86% per year during the 1952 to 1976 period, which
includes a 6.64% increase during the 1950’ s.
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Reilly in his Ph.D. thesis (1981) and Reilly et al (1983)
perfornmed a very detailed statistical analysis of observation
data over a 13-year period (1967 to 1979). The data was based on
shore observations near Monterey of the full mgration period and
an extensive series of aerial overflights perpendicular to shore.
From their data, they generated statistically based estinmates of
total popul ation size for each of the 13 years. Coincidentally,
the seismc survey history data acquired under this project
includes the same 13-year census period. Table A-6 organizes the
seismc survey data in terns of line mles for each of the years
bet ween 1964-1983. Mst of the data submtted to BBN all owed
tabul ati on of work performed by year, although 5 out of the 29
organi zations for which we have data provided only total I|ine
mles for a period of a few years. I n those cases (their total
survey line mles’ represents 8% of the total from all
respondents), we assumed even distribution of survey line mles
over the years which they reported. Figure A 44 presents the
results of Reilly whale population estimates from 1967-1979 as
well as the seismc survey history data. I ncl uded with the
Reilly data is their estimate of a 2.5% per year net annua
growm h rate of the gray whal e popul ati on, based on regression
analysis of their data. If one accepts that the 1.2% per year
abori gi nal harvest of gray whales reported earlier can be applied
over the full 13-year period, a total growth rate of about 3.7%
of the population is indicated. The cause of the fluctuations in
popul ation fromyear to year is probably related to the visual
count which may be due to visibility conditions, stalling or
over-wi ntering of portions of the population in regions other
than the observation sites, neteorological effects and oceano-
graphi ¢ phenonena. Increased turbidity in the ocean has been
suspected of causing gray whales to avoid areas where previous
hi gh counts have been obtained and fluctuating food supply coul d
al so inpact count rates.
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TABLE A-6.

Bolt Beranek and Newnman | nc.

APPROXI MATE NUMBER OF LINE M LES OF MARI NE SEI SM C
SURVEY ACTIVITY I N CALI FORNI A.

Year

1964
65
66
67
68
69
70
71
72
73
74
75
76
7
78
79
80
81
82
83

TOTAL

A-73

Line Mles

2,044
9,462
7,537
1,058
2,102
5, 257
9, 996
4,425
4,904
13, 202
25,513
24,799
15, 816
19, 844
22,691
41, 102
39,22’ 2
41, 802
76, 606
64, 093

431, 475



13
c "HIMO¥D NOIIVINAOd HIVAM AVYD A0 FIVWILISH AT1I3Y
- AL OL AAVVAWOD VINSOJITIVD NI ALIALIOV XFANNS DIWSIAS ANTNVW °*¥9°V "9T1d
[
m HVIA
g €8 28 I8 08 6L 8 AL 9L SL L € T L O 69 89 L9 99 S9 bo6l
o
[
a ] t
.
2
m b = e m— ] b bl — peed e e —f P S b b = e ]
M .
) VINHO41TVD NI SA0IH3d NOILVHDIN ITYHM -
2 —— 30
e ot <«
- ~
{STTIW INIT) ALIALLDY - - - )
AIAHNS DINSIES _ | oz 3 <
P m
P
.- © VINHOAITVD NI NOILYHOIN ITVHM , Joe m
ONIUNG QIWHOAHId SYM NHOM AIAUNS = m
- DINSIS SIHL 40 %08 ATALVWIXOHAdY 310N & | =
P4
\ 7 o =
Ve oL 5 05 5
J0L & -
L/ ! \vl.l , m m
anN3dlL / N s >
/ AIAHNS 1L 5 409§
O > [
2 / 5 | ®
T /o An 2 Ju
: / . 7 %GZR ISYIHONI 2
g 4 wnnnv an Jo F 0 g
7 “o- 2
ot 4 , @
S (€861 12 1 ‘AioY) STLVIILSI 48 B -
o NOILYINdOd 3TVHM NVIW g




Report No. 5586 Bolt Beranek and Newman |nc

The seism c survey history data shown in the |ower portion
of the figure denponstrates an exponential increase in line mles
covered by the industry. The gray whal e popul ati on has i ncreased
linearly in approximately the sanme period. Note that approxi-
mat el y 50% of the survey activity shown in this figure was
perfornmed during whale mgration in California. Based on these
limted data sanples and the differing nature of growh rates,
one is tenpted to conclude that the two variables are unrel at ed.
That is, long termgrowh of the gray whal e popul ati on probably
is not influenced by seismic survey activity. Dependi ng on where
one |l ooks in the fine structure of the two sets of data, one can

observe increasi ng whal e population with increasing seismc
survey activity (1971-73) as well as increasing whal e popul ation
W th decreasing seismc activity (1974-1976). Nevert hel ess, the
trends inply that seismc survey activity does not inpact whale
popul ati on growth as defined by the Reilly anal yses.

Using historical data regarding gray whal e popul ati on and
reported catch rates together with assunptions regardi ng pre-
hi storic aboriginal kills, Reilly (1981) performed sone detail ed
simul ation studies of population history. He coupl ed that
analysis wth the 13-year census data, requiring that the popul a-
tion growth curves (trajectories) nust pass through the 95%
confidence intervals which he established for the begi nning and
end of his 13 year period. Only one nodel provided a good match
with prior history and his findings for the 1967-1979 peri od.
That nodel (his Fig. 23 in the above reference) estimates a
popul ati on | evel of about 2000 animals in 1900 and a 1980
popul ati on of about 15,500 whales, with a nmaxi mum equilibrium
popul ation |evel of 24,000. H s nodel also shows a sharp knee in
the popul ation growh curve, with the slope becom ng signifi-
cantly |l ess steep starting in about 1958-60. He states that that
period relates directly to an upsurge and continuation of the
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Sovi et gray whale fishery, nentioned previously. Figure A.45
provi des a conparison of the 1900-1980 portion of his nodel and
the seismc survey activity during gray whale mgration fromthe
m d- 1940 period until 1983. W were not able to acquire line
mle data for the 1945-1964 period, during which only expl osives
were used by the new nmarine seismc survey industry. The dashed
portion of the curve represents an extrapol ation of seismc
survey activity to that earlier period. Again the exponential
nature of the growh in seismc survey activity apparently does
not inpose itself on the growmh rate of the whal e popul ati on.
The sudden change in slope of the Reilly nodel in about 1959 is
due to the inposition of increased aboriginal kills in the
Chukchi Sea and Chukotski Peninsula regions of the gray whale
summering grounds. It was not until about 1965, when non-

expl osi ve devices were introduced, that the rate of seismc

expl oration began to increase exponentially.
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A. 4  CONCLUSI ONS

A general review of the offshore seismc exploration history
in California has been derived in the previous pages together
with an update of the mgration characteristics of they gray
whal e along the California coast. The summary has been possible
t hrough conpiling results of a questionnaire survey distributed
to the oil and exploration industries, discussions with the
California State Lands Conmm ssion, M nerals Managenent Service,
and the National Geophysical Data Center. A literature review,
both regarding marine seismc survey activities and the mgration
and popul ati on dynam cs of gray whal es provi ded additional
information in support of this study. Wile a nore precise
conpilation of data (particularly regarding the seismc survey
hi story) would be hel pful, the existing accunul ation of data
probably provides a first order indication of survey activity and
a general indication of its degree of possible association with
the presence of gray whales. The follow ng nore specific comments
can be nmade.

1. The offshore seism c survey industry has gone al nost
completely (99% to the use of non-dynamte types of
sources such as air guns and sparkers which exhibit
significant reductions of energy per pul se when conpared
to dynamite. Coupling that fact with inproved signa
processing techniques has permtted the industry to
obtain the required data nore efficiently and nore
qui ckly than in the past.

2. Wiile survey activity is increasing because of denmands
for locating new oil and gas reserves, nuch of the work
is going further offshore, onto the outer continental
shel f. Movenent of survey activities into the OCS
regions mnimzes potential inpact on the coastal
mgrating gray ‘whale. Mdst censusing work indicates
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t hat over 90% of the population travels within the three
nautical mle territorial limt of California (less than
6 km from shore) except when traveling across the nouth
of embayments or running from point-to-point. Seism ¢
survey work done within state territorial waters during
whal e mgration could have sone effect on gray whal es,

al though BBN tests indicate these are likely to be
short-term behavi oral responses such as relatively snall
changes in swi mm ng speed or heading (see Item 6 bel ow).

Little specific information could be derived in this
study regarding a direct relationship between seismc
survey activity and a major perturbation in mgration
habits primarily because of a |ack of precise inforna-
tion fromrespondents to the questionnaire regarding

| ocation and timng of surveys perforned. Therefore, no
statistical analysis of correlation could be perforned.
M gration corridors apparently have remai ned basically
the sanme since records were first kept in the md
1800's. Very little quantitative and/or statistica
information regarding mgration corridors is available
inthe early literature although recent summaries do
provide a fairly detailed treatnent of early data. The
gray whales were then and continue to be coastal

m grants. The mgration corridors are repeatable from
season to season, with sonme small fluctuations in
precise location and in corridor width in |ocal areas.
There is no quantitative evidence that the whal es either
have or are changing their mgration corridors to deep
ocean areas to avoid seismc survey activity. The

sout hbound m gration corridor tends to stay within a
band 2 to 5 km from shore except when crossing bays and
going from point-to-point. Nor t hbound m gration of
single and small groups of whal es (Phase A) usually stay
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within 1 to 3 kmfrom shore corridor with frequent
sitings closer than 1 km The |ater Phase B of the
nort hbound mgrants (nother/calf pairs) travel very
close to the surf zone (10 to 200 neters).  Approxi-
mately 50% of the reported seismc survey activity in
California waters was perfornmed during gray whal e

m gration periods.

Mgration timng past a given point on the coast is
predictable within a few days. The m grati ons consi st
of waves lasting for approximately 60 days with the peak
in popul ation density occuring close to or slightly
earlier than the geonetric nean. There has been sone
specul ation that fluctuations in the mgration timng
may be due primarily to natural causes such as storns
and food supply. Wthin California waters, the south-
bound mgration lasts from m d-Decenber until about the
third week in February. The northbound mgration in
California is split into tw phases’. Phase A, nmade up
of single and groups of immture and adult aninmals,
travels north fromearly February until md-April and
Phase B, the nother/calf pairs travel from m d-March
until the third or fourth week of May. The mgration
schedul e of the nother/calf pairs tends to be |ess

predi ctabl e than either phase A or the southbound

m grants. There is often sone overlap of southbound and

nort hbound Phase A mi grants and Phase A/ Phase B mi grants.

Therefore, there is a 5 to 51/2nonth period from
Decenber to the following May during which mgrating
whales will be present somewhere along the coast of

Cal i forni a. Swi mm ng speeds are 4 to 5 kts (7.4 to 9.3
km/hr) sout hbound and 2 to 3 kts (3.7 to 5.6 km/hr)
nort hbound.
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While no specific long lasting correl ation between
perturbations in mgration and seismc surveying
activities can be determined at this time, it is
interesting and useful to note that, at |east over the
| ast decade and a half when seismc survey activity was
i ncreasi ng exponentially, the gray whal e popul ati on has
continued to grow at a rate of 2.5% per year.

Car ef ul behavi oral observation and field neasurenents of
m grating gray whales by BBN (Malme, et al., 1983 and
this volune) has denonstrated that sonme second order
changes in course and swi mm ng speed can result from

i ndustrial sounds associated with oil and gas devel op-
ment sounds (drill rigs, helicopter, drilling platforns,
etc.). For these behavi oral changes, the source nust be
less than 2 km away. Air gun array sounds cause course
and speed changes as well as mlling behavior when

di stances between the air gun system and the whales are
less than 5 km (2.7 nn) away. A single air gun elicited
simlar responses at ranges of 1 km or |less. The
important point here is that while the whales reacted to
t he sources as noted above, they seened to habituate to
the presence of the intrusion and continued on their
prescribed mgration path after passing the source.
Transi ent sounds tended to show, occasionally, what
could be classified as a short termstartle response.
Questions regarding | ong-term physiol ogi cal influence on
i ndi vi dual whal es cannot be answered fromthese test
results al though prelimnary conparisons showed no
apparent harnful effects on the overall gray whale
popul ati on.
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B.1 TRACK PLOTS FOR THE SOUTHBOUND GRAY WHALE M GRATION I'N

JANUARY 1984

Track plots are presented for control and experinental
conditions during the January playback period (Figs. B.l through
B.9). See Fig. 1.1 for site positions. The plots indicate the
paths taken by all groups during each presentation of the
stimulus condition Iisted. Tracks start with the first sighting
after the playback started and with the last sighting before the
pl ayback ended. The thick curved line near the bottom of the
pl ot shows the location of the coast I|ine. The coordi nates of
the plot are kiloneters north along the x-axis and kil oneters
west along the y-axis. The origin is centered on the Soberanes
observation site. The VARUA is indicated by a triangle in the
pl ots show ng playback or airgun experinents, while the Lobos
Rocks are indicated by two octagons at approximately 0.5 km north

and 0.8 km west. These plots are presented in the follow ng
order of playback condition - Control No Boat Present, Control
VARUA Present, drillship, drilling platform production platform

hel i copter, sem -subnersible, air gun control period, and air
gun.
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B. 2 CUMULATI VE TRACK FREQUENCY DI STRI BUTI ON PLOTS FOR TWO LI NEAR
TRACK DEFLECTI ON MEASURES | N JANUARY 1984
Plots are presented of cumnulative frequency distributions
for two linear track deflection neasures, D and Speed, for each
of the six experinental conditions and for four control condi-
tions (Figs. B.10O through B.20). These plots are presented in
the sanme order as the track plots. On the left edge of each page
is listed the nmeasure and the playback condition. Score D,is
| abeled “D,(grid crossings nmeasured from VARUA)". the D, plots
show 11 cunul ative track frequency distributions on each page
one for each grid line crossed, starting with 4.0 = 4.0 km North
of the VARUA and ending with -4.0 = 4.0 km South of the VARUA
(see Fig. 7.1). The speed plots show 10 cunul ative frequency

di stributions on each page, one for each grid interval crossed.
An easy way to conpare the distributions of these neasures

bet ween experinental and control conditions is to nake trans-
parent photocopies of the control plots. These can then be used
as overlays to conpare distributions wth the Experinental Plots
(see Figs. 8.4 and 8.5).

Key for Figs. B.10 through B.21l:

00
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= |
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U =
g 1 [ 1 | I
-t 0 1 2. 3 &

Track Deflection Paraneter (e.g.. .y Speed) as Noted in
Figure Title.
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APPENDI X C.  PLAYBACK STI MJULI SPECTRA

This appendi x contains a set of 1/3 octave band spectra for
each of the playback stimuli used in the study. Spectra for both
the original recording dub and the playback are included for
conpari son. The pl ayback spectra were obtained by analyzing the
recorded output of the projector nonitor hydrophore located 6 m
from the projector system The projector depth for all playbacks
was 12 m Spectra from analysis of the original recording dub
are shown with their relative level adjusted to facilitate
conparison wth the playback spectra. Note that sone of the
industrial stimula used were obtained from recordi ngs having
considerable fluctuation in level and spectrum content. Thus, it
was difficult to obtain an exact match of the nachinery operating
condition for the dub-playback conparison. Hence, sone of the
figures presented here show spectra differences which may not be
due entirely to system response effects.

The projector system response was considerably inproved over
that used during the 1983 study. The |ow frequency response was
noved down to 32 Hz from 50 Hz and the 10 4B “crossover notch" at
around 1 kHz was renoved. As a result, the industrial sounds
were nore accurately simnulated.

The response data for drillship, drilling platform
production platform helicopter, and semisubmersible rig, are
presented in Figs. C 1 through C.5 on the follow ng pages.
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D.1 | NTRODUCTI ON

The purpose of this study was to obtain additional informa-
tion on the behavior of southern sea otters (Enhvdra lutris

nerei s) exposed to various waterborne acoustic stimuli projected
during BBN studies of mgratory gray whale (Eschrichtius
robustus) behavior. This two-week field study was a continuation
of nore extensive observations on sea otters made in the wnter

and spring of 1983 during simlar BBN acoustic experiments
(Malme, et al, 1983" Reidman, 19842). During the January 1984
southward migration of gray whales, sea otters near Soberanes
Point, California, were exposed to controlled underwater seismc
expl oration sounds generated by an air gun and tape-recorded

i ndustrial noise associated with offshore oil and gas operations.
(observations were nmade on the behavior, density, and distribution
of sea otters in the inmediate vicinity of the sound sources
before and during the BBN acoustic experinments. Results of the
observations nmade on sea otters during the 1984 sound projection
period are summarized in this report.

D.2 STUDY AREA AND METHODS

The BBN pl ayback of industrial noise and air gun projection
of seismc sounds took place near Soberanes Point, |ocated 12 km
south of Carmel, California. The Soberanes Point area was al so
the central site of the previous winter and spring sound projec-
tion experinments and behavioral observations on sea otters in

lMalme, C.1., P.R Mles, Cc.w. Jark, P. Tyack, and J.E. Bird,
1983. Investigations of potential effects of underwater noise
from petroleum industry activities on mgrating gray whale
behavi or. Bolt Beranek and Newran Report No. 5366 to the

M neral s Managenent Service, Al aska.

2Riedman, M.L., 1984. Studies of the effects of experinentally
produced noi'se associated with oil and gas exploration and
devel opnment on sea otters in California. Final report to the
M neral s Managenent Service, Al aska, 51 pp.
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1983 (Fig. D.1l). Three days of seismc sound experinents using a
single air gun on the W CHEYENNE ARROW were conducted from 9 to
11 January. (The single air gun volunme was 100 in. *at 4500 psi,
with a pulse interval of 10 sec.) On 9 January, air gun sounds
were produced along a series of transects paralleling the shore-
line at approximate distances of 13 km 5 km and 1.6 km from
shore. On 10-11 January, the CHEYENNE ARROW was noored near
Lobos Rocks approximately 1.5 km from shore.

Five different types of tape-recorded industrial sounds
which are generated during offshore oil and gas operations were
proj ected underwater near Soberanes Point for six days (January
13 through 15, 17, 19, 20). The sound projection system was
suspended from the RV VARUA, which was |ocated north of Soberanes
Poi nt approximately 1.8 km from shore. Details regarding the
timng of sound projection periods, sound source |ocations and
acoustic characteristics of the industrial and air gun sounds are
provided in the Experinmental Procedure section in the body of
this report. Industrial and seism c sounds were projected at
intervals between 0830 and 1700 hrs.

Wiile the overall sound projection experinmental conditions
were simlar to those which took place in 1983, there were a few
mnor differences with respect to the potential degree of expo-
sure experienced by the sea otters near Soberanes Point. For
exanple, during the playback of industrial sound in 1984, the
VARUA was positioned further offshore by about .3 to .8 kilom-
eters, and therefore? the sound source was nore distant from sea
otter-inhabited areas during the 1984 experinents. Simlarly,
during the single air gun experinents, the CHEYENNE ARROW did not
approach the sea otters as closely as did the single air gun
vessel of 1983, which was up to twice as close to otters engaged
in various activities during sonme of the 1983 acoustic experi-
ments.

D-2
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In addition, although weather and sea conditions were
variable during the 1984 sound projection period, the overall
weat her was relatively mld and visibility was adequate in
conparison to the storny weather and rough seas characterizing
part of the 1983 field season. Sea conditions in 1984 varied
fromvery calmto noderately rough with high swells. Anrbient
noise levels in otter-inhabited areas would be expected to be
| ower during days when the seas were calm and surf was | ow.

Data on sea otters were collected over a 14-day period, from
7 to 20 January. Qobservations were made from shore using
Trinovid Leitz 10 40X binoculars and a 50-80x Questar spotting
scope. A mninum of one census of the 2.7 km Soberanes Poi nt
area (Fig. D.2), where the sound source was centrally |ocated,
was nade each day during the sound projection period (9 to 20
January), so that any changes in distribution or novenents out of
the sound projection area could be noted. During the two days
prior to the initiation of the acoustic experinents, two counts
of the Soberanes Point area were nade, and one census was taken
of a 12 km area from Rocky Point to Yankee Point (Fig. D.1l) in
order to collect baseline information on the abundance and
distribution of otters within the sound projection vicinity,
assess the nost suitable observation sites and determ ne the
proportion of otters located within the 2.7 km Soberanes Point
area. Anot her 12 km census was made on 18 January, a control day
when no playback took place, to determne if any changes in
density or distribution of sea otters had occurred. Because
weat her and sea conditions, as well as the location of kelp beds,
can influence the distribution of sea otters, these natura
environmental variables were nonitored closely throughout the
study peri od.

Wth the exception of 18 January, observations on otters
were conducted on a “double-blind” basis in which the tinmng and
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type of sound being projected were unknown to the shore-based
observers. Radi o contact, however, was continuously avail able
with the shore-based gray whale observers and the BBN research
team controlling the acoustic experinments on board the VARUA

During the sound projection period, sea otters within the
Soberanes Point area were closely nonitored for any unusual or
al arm behavi ors, or obvious novenents away from the sound source
In particular, observations were focused on foraging sea otters
that were closest to the VARUA or CHEYENNE ARROW since diving
animals were presunmably nore susceptible to the effects of
wat er borne noise than otters at the surface. Feeding otters were
foll owed throughout the duration of their foraging bout or as
long as they were within view. The nunber of successful vs
unsuccessful dives (in which the otter did or did not obtain
prey) were recorded. Because the sound source vessels were
situated about 1.5 to 1.8 km offshore, efforts were directed
towards nonitoring sea otters that were foraging furthest off-
shore and closest to the sound source.

D. 3 RESULTS AND DI SCUSSI ON

Abundance and D stribution of Sea Oters

The density of sea otters observed in the Soberanes Point
area was relatively high throughout the sound projection period.
There was no novenent of otters away from the sound source or out
of the Soberanes Point vicinity. The nunber of independent sea
otters varied over the study period, ranging from 15 to 38 (X =
25), although nunbers were nost often counted in the high twenties
(Table 1). Each day, between two to four dependent pups were
observed. Two of the four pups were relatively large (ol der than
three nonths of age) and, two were snmall (less than three nonths).
The abundance of independent otters and dependent pups was
simlar to that observed in January of 1983.
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On 8January, a 12 km census taken from Yankee Point to
Rocky Point showed that there were 65 independent otters and siXx
pups in this area. After 10 days of air gun and playback experi-
nments, on 18 January, another census of the sane area was taken
with simlar results of 61 independent and eight pups. On
average, half of the total nunmber of sea otters within the 12 km
census area were found in the 2.7 km Soberanes Point area.

The density and distribution of sea otters within the
Soberanes Point region often fluctuated from day to day. These
fluctuations, however, were apparently related to changes in
weat her and sea conditions, tine of day, and the relatively small
size of the census area, rather than to the projection of seismc
or industrial sounds. Simlar results were obtained during the
1983 st udy. In general, on days when sea conditions were rough,
fewer otters were seen in the Soberanes Point area. Conver sel y,
on calm days the highest counts of otters were recorded.

“Oter” Cove ‘(referred to as "Lobos"™ Cove in the 1983
report) was often used as a rafting spot for |arge nunbers of
otters; up to 30independent otters and three pups were observed
in alarge raft in this cove. The proportion of otters rafting
in “Oter” Cove and “Jade” Cove (Fig. D.2) at Soberanes Point
varied in relation to wind direction and intensity and swell
size. Wien a particular cove or rafting spot was exposed to high
wi nd and rough seas, there were few or no otters rafted in the
ar ea. Duri ng days when sea conditions were rough, the conpara-
tively low nunber of otters recorded in the Soberanes Point area
may have reflected novenents to sheltered coves outside of the
census area, such as Yankee Point Cove or Kasler Point Cove.
Because the Soberanes Point census area was relatively snall,
fluctuations in density were apt to be nore pronounced than in a
| arger area, since otters could easily nove outside the census
boundaries to feed or seek sheltered rafting sites.
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Behavi oral (Observati ons

Sea Oters in the Soberanes Point area did not exhibit any
behavi ors which could be considered unusual or indicative of
di sturbance or alarm throughout the sound projection period. O
interest is one alarm reaction exhibited by several aninals
rafted in QGter Cove and apparently initiated by airborne
noise. \Wiile observing a group of 18 rafted otters at a distance
of about 150 neters, | turned on ny radio at a |oud vol une.
Several of the resting otters imediately appeared startled as
they | ooked towards ne and dove beneath the surface, swinmng to
a new rafting |ocation. The loud radio noise evidently called
attention to ny presence, which caused the otters to |eave the

ar ea.

Foragi ng (bservations

(observati ons nade near Soberanes Point during the projection
of seismc and industrial noise indicated that no disturbances or
changes in the typical foraging pattern of sea otters took place.
Wiile an effort was made to observe otters that were feeding
close to the sound source, the CHEYENNE ARROW and VARUA were
situated 1.5 and 1.8 km from shore, respectively, and otters do
not normally forage this far offshore. Therefore, all of the
foragi ng observations were nmade on otters no closer than 900 m
from the sound sources, and nost of the observations were nade on
otters feeding 1.3 to 1.6 km from the sound source vessels in
water approximately 5to 17 m in depth.

On 11 January, the last day of the air gun experinents, two
otters were observed foraging about 600 m offshore near Lobos
Rocks and approximately 900 m from the CHEYENNE ARRON Al t hough
the air gun was operating at the tinme, these aninmals fed for 50
mnutes and 85 mnutes in this area before gradually noving
nort heast . The duration of feeding dives usually ranged from one
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to 2 1/2 mnutes, and otters obtained food in nost of the dives,
although it was difficult to see the type of prey they were eating.

On 17 January, an otter was seen foraging directly inshore
of the VARUA by 1.2 km during playback of drilling platform
sounds (1122-1318), which was the mninum distance to the VARUA
an otter was seen feeding. The otter continued feeding for
approxi mately one hour, diving for periods of up to 2 mnutes, 45
seconds, and obtaining prey on nost of the dives.

Thr oughout the three-day seismc experinents, when the air
gun was operating, observations were nmade on a total of 16 otters
engaged in foraging activity. On average, 80% of the feeding
di ves were successful (N = 368 dives). Dive tines averaged 84
seconds . During the six-day period of industrial sound playback
when sounds were being projected, observations were made on a
total of 26 otters engaged in foraging bouts. On average, 78% of
their foraging dives were successful (N = 607), and the nean
duration of all dives was 79 seconds.

The overall proportion of successful and unsuccessful feed-
ing dives at Soberanes Point was close to that observed in our
1983 study, and simlar-to the proportion of successful dives
previously reported in California. Previous studies in
California have shown that an average of 73% to 75% of all
feeding dives were successful (Loughlin 1979° Estes, Janeson
and Johnson, 1980% . The average duration of feeding dives were

3Loughlin, T.R, 1979. Radio telenmetric determnation of the 24-
hour feeding activities of sea otters, Enhydra lutris, pp. 717-
724. In: A Handbook on Biotelemetry and Radio Tracking (C.J.
Amlaner, Jr. and D.W. Macdonald, Eds.). Perganon Press, xford

4Estes, J.A, R.J. Janeson, and A M Johnson, 1980. Food
selection and some foraging tactics of sea otters, pp. 606-
641. In: Wrldw de Furbearer Conference Proceedings (J.A.
Chapman and D. Pursley, Eds.). Frostburg, Maryland.
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al so within the range of average reported dive tines, which range
from 52 to 90 seconds (Estes 19805). The average dive tine at
Soberanes Point represents the high end of this scale and may
reflect the fact that an effort was nade to observe sea otters
that were diving in deeper water closer to the sound sources.

D.4 CONCLUSI ONS AND SUWVARY

During the January 1984 southward m gration of gray whales,
seism c exploration sounds produced by a single air gun and tape-
recorded industrial noise associated with offshore oil and gas
operations were projected underwater near Soberanes Point,

Cal i fornia. Results from this two-week study support those
reported in a previous study on sea otters at Soberanes Point
conducted in the winter and spring of 1983 during simlar BBN
acoustic experinents. Al though the basic experinental procedures
were simlar to those of the 1983 study, during the 1984 acoustic
experiments the sound sources were positioned further offshore
and away from otter-inhabited areas by several hundred neters.

In addition, the weather and sea conditions were generally cal ner
in 1984.

The behavior, density, and distribution of sea otters in the
vicinity of the sound projection sources were not affected by the
pl ayback of industrial noise or air gun production of seismc
sounds. The foraging behaviors of otters that were feeding dis-
tances of 900 neters to 1.6 kilometers from the sound sources
continued normally and undisturbed during the sound projection
peri ods. Sea otters do not usually forage as far offshore as the
sound source vessels were located, and no ani mals were observed
feeding closer than 900 neters to the single air gun vesse
CHEYENNE ARROW or 1.2 km to the industrial sound projection

5Estes, J.A , 1980. Enhydra lutris. Manmalian Species No. 133,
pp. 1-8, 3 figs.
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vessel VARUA. During periods of sound projection, foraging
otters were able to capture prey successfully on an average of
78% to 80% of the tinme, and renmined underwater during feeding
dives that |asted an average of 79 to 84 sec.

No novenents of sea otters away from the sound sources and
out of the Soberanes Point area occurred during any of the
acoustic experinents. The density of sea otters ‘was relatively
high in the 2.7 km Soberanes Point area and ranged from 15to 38
i ndependent otters and two to four pups. Daily fluctuations in
t he abundance and distribution of otters in the Soberanes Point
area were associated with the small size of this census area,
weat her and sea conditions and the degree of shelter provided by
a particular rafting site.
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TABLE D.1. DENSITIES of SEA OTTERS WTHIN THE A) 2.7 km
SOBERANES PO NT CENSUS AREA, AND B) THE 12 km CENSUS
AREA FROM ROCKY POINT TO YANKEE POINT DURING JANUARY
1984* SINGLE AlR GUN EXPERI MENTS WERE CONDUCTED FROM
9 70 11 JANUARY; | NDUSTRI AL SOUNDS WERE PRQJECTED
JANUARY 13 THROUGH 15, 17, 19, 20.

| ndependent
Dat e Qters - Large Pups Smal | Pups Total Pups

a. Sober anes Poi nt

7 Jan.* 15 2 2
8 Jan.* 3 6 2 1 3

9 Jan. 22 2 2
10 Jan. 16 1 1 2
11 Jan. 17 2 1 3
12 Jan. * 25 2 1 3
13 Jan. 28 2 1 3
14 Jan. 38 2 2 4
15 Jan. 36 2 2 4
16Jan. * 16 1 1 2
17 Jan. 30 2 1 3
18 Jan. ** 26 2 1 3
19 Jan. 23 2 1 3
20 Jan. 28 2 1 3

b. Rockv Point to Yankee Poi nt
8 Jan.* 65 4 2 :
18 Jan. ** 61 5 3 8

*Sound source vessels not present.

**Sound source vessel VARUA noored; no playback
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E.1 Theodolite Tracking System Error Analysis

The use of two transit stations during this project for
tracking whale groups allows an enpirical neasurenent of range
errors in the transit technique. The neasurenent of horizontal
angles for azinmuth determnation is little affected by refraction
and is nore precise than is required for reasonable accuracy of
| ocati on. The neasurenent of vertical angles for range deter-

m nation is, however, nuch nore critical and is affected by
refraction, curvature of the earth, tide, ocean waves, and

swel | s. The distance fromthe transit station to a whale equals
the altitude of the transit above sea l|level (corrected for tide)
times the tangent of the vertical bearing angle (corrected for
tide) times the tangent of the vertical bearing angle (corrected
for curvature of the earth). The precision of range data is thus
directly proportional to the altitude of the transit station for
a given level of angular resolution of vertical bearings. As
shown in the followi ng calculations, the elevations of Soberanes
and North sites, 75.7 and 63.4 m respectively, were high enough
to allow range estimates at 5 km (the maxi num range of our
observations), to within + 16 m for Soberanes site and x 20 m for
North site, given the + 10 second precision of our vertical angle
measurenments (calculations ignore the trivial effect of earth’s
curvature for sinplicity).

These cal cul ati ons ignore possible sources of error due to
refracti on and ocean waves, however. In order to estimate these
errors, a programwas witten to search through the January
transit sighting data for simnultaneous sightings of the sane
group of whales or boat. The program then cal cul ates an azi-
mut hal position (xazrYaz) by triangulating from the horizonta
angles of the two stations. The range error of each station is
cal culated as the distance between the azinuthal position and the
position calculated for each station using both vertical and
hori zontal angl es.
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CALCULATI ON OF RANGE RESOLUTI ON

Soberanes Site

Altitude = 75.7 m range = 5000 m
tan a = arctan (66.05) = 89.1326° = 89° 07" 57.4"
for error of +10" « = 89° 08 07.4” = 89.1354°
66. 262

tanao

range = 75.7 X 66.262 = 5016.1 m

for error of -10" «a 89° 07’ 47.4" = 89.1298"

tana = 65. 839
range = 75.7 x65.839 = 4984. 037
North Site
Altitude = 63.4 m range = 5000 m

tana = range/alt = 78.9
a = arctan (78.9) = 89.274° = 89° 16" 24.7"

for error of +10" a = 89° 16" 34.7" ~89.2763”

tana = 79.167

range = 63.4 x79'.167 = 5019.2
for error of -10" a« = 89° 16' 14.,7" = 89.2708°

tana = 78. 564

range = 63.4 x78.564 = 4980. 95
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Since groups of whales often were spread over 20 to 50 m (up
to 100 n) this analysis does not test the limts of precision for
the transit analysis, but rather yields an indication of the

resolution of observations of whale groups.

This error analysis program was run for all of the January
data files and yielded 325 pairs of sightings. O these 325
pairs, 10 yielded apparent errors of >1.0 km and these are |isted
in Table E . Cases one through eight involved sinmltaneous
endi ngs of tankers nuch farther offshore than our typical five km
maxi mum range of whal es. These error figures show that the
additional height of soberanes station produced |ower errors at
great range than at North station. Case 10 has a large error in
data from one station but very snmall error in data from the

ot her. This probably represents a case of error in the |ogging of
vertical angle at one station (rate for this error = 1 error/325
pairs of sightings * 2 stations per pair) = .0015. Case 9 has a

very large error that arose when the two stations called two
different boats of groups of whales by the same nanme through a
m sunderstanding (error rate = 1/325 * 2 = .0015).

Figures E.1 and E. 2 show the distribution of the error in
sightings from Soberanes Site and North Site, respectively, as a
function of range fromthe site to the whale. Both figures show
approximately 30 points with errors of >100 m and these points
appear not to scale strongly with range. Sonme of these may arise
from errors in neasuring or in copying down the vertical bearings
erroneously from the theodolite, while others may cone from
nmeasurenents of w despread groups.
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TABLE El. LIST oF ALL CASES OF APPARENT ERRORS OF > 1.0 km FROM
ERROR ANALYSI S ofF ALL JANUARY DATA FILES {QUT OF 325
PAI R SI GHTI NGS) .

Sober anes Nor t h

Error Range Error Range

Case (km (km (km ( km)
1 1. 496 16. 057 3.734 16.226
2 1.460 13.224 1.25 14.562
3 4.920 19.69 4.984 18.662
4 0.928 13.671 1.106 14.564
5 -0.109 13.009 3.153 13.038
6 -0.542 11.701 3.365 12.364
7 -1. 206 12.729 -10.406 13.210
8 0.747 13. 953 1.283 15.228
9 -40. 959 38. 210 -42.013 39.819
10 1.067 2.773 0.003 2.388
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FIG E 2. ERRORS | N RANGE FROM VERTI CAL BEARI NGS AT NORTH SITE IN
1984 AS A FUNCTI ON OF RANGE.
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The bulk of points fall in a clear line of error less than
£ 50 mout to a range of 4.0 km and this appears to be a good
wor ki ng estimate of the precision of our technique.

This analysis also confirnms the accuracy of the altitudes we
used for the two transit sites. | f measured our altitudes were
too high or too low, there would be a systematic bias in error
increasing further offshore or inshore as a function of range
dependi ng on whether the neasured altitude was too high or too
| ow, respectively. The absence of this bias shows our measure-
ments of hei ght above sea |evel and connection for tide were
accurate.



