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INTRODUCTION
Numerous species of whales, dolphins, porpoises, fur seals, and seals inhabit the Sea of
Okhotsk (Fig. 1). Three of the most critically endangered populations of large whales; the
Okhotsk bowhead (Balaena mysticetus), the western North Pacific right whale (Eubalaena
glacialis), and the western Okhotsk/Korean gray whale (Eschrichtius robustus) are known to
occur in this sea (Brownell et al. 1997, Clapham et al. in press). Concerns regarding the status
of these whale populations have been intensified by the recent onset of large scale U.S.-Russian
oil and gas development programs in Okhotsk waters. Anthropogenic activities related to oil and
gas exploration, including geophysical seismic surveys, drilling operations, vessel and aircraft
traffic, and oil spills pose potential new threats to the marine ecosystem, and may impact
populations of endangered species, including whales (for reviews see Richardson et al. 1995 and
Geraci and St. Aubin 1990). However, a properly designed biological monitoring and Habitat
Conservation Plan (U.S. Fish and Wildlife Service 1998) can provide the requisite information
needed to prevent significant impacts, and help to mitigate unavoidable impacts to acceptable
levels. Therefore, it has been mandated by the Russian and U.S. governments that biological
investigations of potential industry-related ecosystem impacts be conducted for such oil and gas
development projects to proceed (Anonymous 1997a).
Detailed information on responses of marine mammals to industrial activities and noise
can help to gauge potential ecosystem effects (Richardson et al. 1995, Richardson and Würsig
1997). Results from studies on the reactions of cetaceans to underwater noise and other human
related activities are highly variable, ranging from no apparent response to active avoidance (for
review see Richardson et al. 1995). While many of these studies have documented no or only
subtle short-term changes in behavior, it is important to recognize that tolerance of noise does
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not necessarily mean that it has no deleterious effects (Richardson and Würsig 1997). Long-term
effects of noise and disturbance at the individual and population levels are presently little
understood. Gray whales currently provide the best example of long-term behavioral changes as
a result of industrial activities. Several studies on eastern gray whales have documented
distributional shifts or complete abandonment (Bryant et al. 1984) of known wintering areas in
relation to increased anthropogenic activity (for review see Richardson et al. 1995).
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Figure 1.

Far East Russia, showing Sakhalin Island in the southwestern Okhotsk Sea.
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Rationale
Extensive oil and gas exploration and development is currently underway off the
northeastern coast of Sakhalin Island, Russia (Fig. 2). During summer of 1997, 3-D geophysical
surveying of a feature named “Piltun-Astokhskoye” (PA) on the northeastern Sakhalin coast was
conducted (Fig. 2). At the same time, plans were finalized for the 1998 installation of the
temporary drilling rig “Sakhalinskaya” (52°54’ N, 143°29’ E) and permanent offshore
production platform “Molikpaq” (52°43’ N, 143°34’ E) in the PA field. This oil field overlaps in
latitude with the waters adjacent to Piltun Lagoon. Sighting records from Russian aerial and
vessel surveys in the Okhotsk Sea between 1979 and 1989, and recent aerial surveys by Würsig
et al. (1998) suggest that gray whales aggregate predominately along the shallow-water shelf
region located off Piltun Lagoon (Blokhin et al. 1985, Votrogov and Bogoslovskaya 1986,
Berzin et al. 1988, 1990, 1991, Berzin in press, Würsig et al. 1998). This region of the Okhotsk
Sea is characterized by high benthic biomass densities of 1,000,000 kg/km2 (V. N. Koblikov
unpublished data), and is the only currently known feeding ground for western stock gray whales
(Blokhin et al. 1985, Brownell et al. 1997). Given the endangered status of western gray whales
(Anonymous 1997b, Clapham et al. in press), and the new potential for increased industryrelated disturbance on their feeding grounds, a joint U.S.-Russian multi-year research,
monitoring, and mitigation program was initiated to monitor gray whales (and other marine
mammals) off the northeastern Sakhalin coast.
Oil development involves industrial activities that could pose threats to western gray
whales, as has been documented for marine mammals elsewhere (review by Geraci and St.
Aubin 1990). Potential problems include those associated with oil spills, ship strikes,
entanglements in cables or lines, pollution from drilling muds or similar materials, and physical
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habitat changes such as those caused by dredging (review by Richardson et al. 1989, and
Clapham et al. in
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Figure 2.

Sakhalin Island, with major oceanic oil fields along the northeastern coast.
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press). In addition, displacement of whales from critical feeding and migratory habitat is
possible due to the disturbance from noise, seismic surveys, or other industrial activities. For
example, strong acoustic sources like the open-water seismic exploration conducted in the PA
field during 1997 are probably audible to gray whales at distances exceeding 100 km
(Richardson et al. 1995). Previous studies in the U.S. and Canadian arctic or near-arctic, on
bowhead, white (Delphinapterus leucas), and gray whales have demonstrated that knowledge of
habitat use and behavioral reactions can help to plan industrial activities in a fashion that allows
both animals and humans to coexist (summaries in Würsig 1990, Richardson and Würsig 1995,
1997).
Preliminary findings from research conducted during July-September of 1997 indicate
that the near-shore waters close to Piltun Lagoon play an important role in the feeding ecology
for at least part of the western gray whale population. This report represents first-year findings
from a multi-year program to: 1) examine potential short- and long-term behavioral changes of
whales exposed to industrial activities related to development of the northeastern Sakhalin Shelf;
2) determine population numbers and habitat use patterns of whales in the area; and 3) develop
potential mitigation policies allowing industrial activities and marine mammals to coexist.
While this report is complete for 1997 data, further analyses of inter-year trends and a minimum
population estimate for 1997 will be presented in a similar report for the now completed 1998
field season.

Background and Research Summary
The Okhotsk-Korean or western gray whale is one of the most endangered and little
known populations of large whales in the world (Brownell and Chun 1977, Berzin et al. 1995,
Brownell et al. 1997, Clapham et al. in press). This population was intensively hunted from at
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least the late 16th century by Japanese net whalers, European and American whalers during the
late 1840’s, and Korean whalers as recently as 1966 (Omura 1984, Brownell et al. 1997). In
1974, the western gray whale was considered by many to be extinct (Bowen 1974). However, in
1977 the scientific “re-discovery” of this population was described (Brownell and Chun 1977).
Russian sighting records from sporadic aerial and vessel surveys conducted between 1979 and
1989 (Blokhin et al. 1985, Votrogov and Bogoslovskaya 1986, Berzin et al. 1988, 1990, 1991,
Berzin in press), and photographic identification studies in 1994, 1995, and 1997 (Brownell et al.
1997, this report) suggest that western gray whales summer (May-November) along the shallowwater shelf of northeastern Sakhalin Island, where they feed on benthic and near-benthic
organisims. Although no truly systematic or quantitative data are available, current population
size estimates suggest that fewer than 250 animals now exist (Vladimirov 1994, Blokhin 1996).
Basic information regarding the life history and population biology of the western gray whale is
also sparse, and only recently has this cetacean come under concerted study (Brownell et al.
1997).
In August of 1995, a long-term research project on the conservation status, distribution,
and behavior of gray whales off the northeastern coast of Sakhalin Island was initiated under the
U.S.-Russian Environmental Agreement (Marine Mammal Project). In early July of 1997, the
first follow-up to the 1995 work was undertaken by a collaborative research effort between
Texas A&M University and the Kamchatka Institute of Ecology and Nature Management. The
principal components of the 1997 research effort were: 1) shore-based observations to describe
general behavior and near-shore movement patterns in relation to geophysical seismic survey
activity; 2) photo-identification of individual whales to examine occurrence patterns, site
fidelity, and habitat use; 3) acoustic monitoring of the ambient environment, industrial/seismic
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sounds, and gray whale vocalizations; and 4) surveys of the near-shore area to describe basic
distribution patterns.
Intensive fieldwork was carried out from early July to early September, 1997, in the nearshore waters off Piltun Lagoon. In addition, general monitoring in the form of daily shore-based
whale counts were maintained until early November to further document southward migratory
timing and departure from the Okhotsk Sea feeding grounds. From July to September, 69 days
were spent in the field, with 36 of these shore observation days; 21 boat-based photoidentification days; and 17 acoustic monitoring days. Baseline data collected during the study
were analyzed by the Marine Mammal Research Program at Texas A&M University, and by
Russian scientists at the Pacific Research Institute of Fisheries and Oceanography (TINRO),
Vladivostok and the Kamchatka Institute of Ecology and Nature Management, Far Eastern
Branch of the Russian Academy of Sciences. Results presented here provide the first systematic
assessment of habitat use, distribution, numbers, individual site fidelities, and behavior of
western stock gray whales relative to geophysical seismic operations.
Summer 1997 findings clearly indicate that relative to the estimated total population of
only several hundred whales, large numbers of feeding gray whales inhabit the northeastern
Sakhalin Shelf during ice-free periods. Photo-identification of individually recognizable whales
documented a fidelity to the area for numerous individuals, including two mother/calf pairs. The
relatively constant number of whales using the Piltun study area during the summer of 1997,
combined with regular observations of feeding behavior, suggest that this coastal habitat is an
important feeding area for at least part of this endangered population.
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METHODS

Study Area
Zaliv Pil’tun (referred to in this report as Piltun Lagoon) is located on the northeastern
shore of Sakhalin Island, Russia (Fig. 3). The lagoon is approximately 90 km long and 15 km
across at its widest point. A single entrance connecting the inner lagoon ecosystem with the
Okhotsk Sea occurs at 52°50’ N, 143°20’ E, and appears to have considerable biological
influence on the surrounding coastal waters. The near-shore marine environment of this region
is characterized by shelf waters generally less than 20 m deep, over a predominately sand
substrate (Fig. 3). Water temperature during the summer varies from about 4-15 °C, and salinity
ranges are typically between 29 to 30 ppt. Periods free of sea ice occur between May and
December, however, significant annual variability exists. With the exception of seismic survey
vessels working in the near vicinity, the Piltun study area was essentially free of any regular
anthropogenic disturbance.
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Figure 3.

Near-shore waters near Piltun, the main research site of the present study.
Depths are represented in meters.
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The Piltun lighthouse is situated just north of the lagoon mouth, and is separated from the sea by
a narrow channel in the lagoon and an outer barrier spit. Thus, the 35 m lighthouse sits
approximately 1.4 km inland of the seashore. The field camp is highly remote and primitive,
with access only by helicopter, boat, or four-wheel drive tundra truck making for a variety of
logistical constraints.

Aerial Surveys
Our plan to carry out systematic aerial surveys throughout the 1997 field season did not
materialize due to unforeseen logistical problems, largely related to the remoteness of the field
camp and limited communication capabilities. However, one survey was conducted between
1527 and 1800 hours on 19 August along the northern and northeastern shore of Sakhalin Island.
The survey flight path was from Nikolayevsk-na-Amur to the Piltun field camp. Aerial
observations were conducted from a MI-8 helicopter, traveling within 0.5 km of the shoreline, at
an altitude of 400 m, and approximate air speed of 170 km/h. The Beaufort State ranged from 2
to 5, but was 4 (making for marginal observation conditions) for most of the flight along the
northeastern shore of Sakhalin, from Cape Elizabeth to Piltun. Observational protocol during
this flight consisted of stationing one experienced observer on each side of the helicopter cockpit
to look for whales and to log sighting information onto data sheets. On-board GPS positional
information was not available during the flight, so sighting positions were determined by shorebased recognition points and by interpolating some sightings from speed of travel between
points. Observation methods and analyses of groups and subgroups of whales followed
techniques developed for other gray whale studies (Rugh 1984, Rice et al. 1981).
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Vessel Surveys
Sightings from our small Zodiac-type outboard research vessel generally coordinated
with shore observations, and alternated with behavioral studies and photographic identification
(see below and Würsig et al. 1986, for gray whales feeding off St. Lawrence Island, northern
Bering Sea). However, we obtained a basic strip-transect count (of a strip width of 2 km on
either side of the vessel) of gray whales from a larger 15 m vessel on 1-3 August. Sighting
conditions were excellent, with Beaufort State ranging from 0 to 1. During daylight hours, the
survey vessel traveled south to north from Chaivo Lagoon (with the survey starting at 52°00’N)
to approximately 60 km north of Piltun (53°25’N), at a distance of 2 km from shore and a speed
of 7-9 km/h. A single observer equipped with 7x50 binoculars and a GPS maintained nearly
continuous watch to document all marine mammal sightings.

Acoustic Monitoring
Acoustic studies of the environment and whales are necessary to describe potential
disruption of whale activities by industrial sounds. Although gray whales are not highly vocal,
they do emit sounds believed to be important for communication (Dahlheim 1987, Crane 1992).
It has even been suggested that gray whales can alter the tonal frequencies of their calls in
response to human noise (Dahlheim et al. 1984), and that this acousto-behavioral shift might
mitigate against anthropogenic masking of important communicatory sounds. Eastern stock gray
whales are known to react to human industrial activities (Malme and Miles 1985, Malme et al.
1988), making it important to also collect acoustic information for western gray whales.
The same vessel used for photo-identification work was also used for acoustic recording.
Recordings were made opportunistically between photo-identification sessions, and when
weather allowed. Basic protocol consisted of recording ambient noises with and without human
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activities, and whale vocalizations with calibrated hydrophones and sound recorders. This
approach allowed for descriptions of received sound levels at different frequencies (Richardson
and Greene 1995). Recording locations were chosen pseudo-randomly within the general
vicinity of consistent gray whale sightings. Salinity and surface temperature measurements were
taken at each recording location and GPS positions and depth measurements were recorded
regularly throughout sessions. During recordings, the vessel was allowed to drift with the engine
turned off.
From 6 July through part of 31 July, recordings were made using a single-element
hydrophone and a Marantz analog tape recorder. Thereafter, the recording system included a
four-element vertical array of hydrophones maintained and calibrated by Cornell University’s
Bioacoustics Laboratory. However, due to the shallow water depth of the near-shore shelf
region (recording depths ranged from 4.5-24.0 m), only the bottom element of the array could
ever be deployed for recording. Hydrophone depth was generally about mid-water, but was
varied to also include near-bottom and near-surface recording positions.
The hydrophone cable was connected to a Shure FP-11 preamp that controlled signal
strength, and sounds were recorded with a TEAC RD-101T digital audio tape (DAT) deck, also
calibrated by Cornell University. Spoken descriptive commentary was entered at the start of
each recording on a separate designated channel. Input was monitored via headphones
throughout recording sessions, and the occurrence of audible seismic activity, biological sounds,
or anything unusual was noted.

Acoustic Data Analysis
Digitally-recorded sounds were analyzed following a systematic protocol developed by
Cornell University, and by using their specialized acoustic processing workstation and “Canary”
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software. This workstation consisted of a Macintosh Quadra 650 equipped with a digital
interface, used for data input from the sound recorder, and a digital sound processing board that
allowed implementation of a Fast Fourier Transform algorithm. Waveform files were acquired
using a TEAC RD 135, at a sampling rate of 4.8 kHz.
Two signal types were analyzed: seismic pulses, and ambient noise. Although gray
whale vocalizations were audible on one day of digital recording, the signal to noise ratio was
too low for proper measurements of sound level or frequency. More detailed descriptive
analyses may be possible with further spectrogram analysis of the original recordings.
Of the 53 min of seismic recordings with good signal-to-noise ratio recorded on 1 August
in Beaufort State 1 conditions, 66 undistorted seismic pulses were selected for analysis. These
pulses were measured for received sound levels (in dB re. 1 µPa), averaged over 0.15 and 0.5
sec, as well as peak-to-peak, and zero-to-peak levels as obtained from the waveforms.

Shore-Based Observations
Shore-based observations were particularly valuable for this study, as whales
were regularly observed feeding within 3 km of shore. The 35 m high lighthouse near the
entrance of Piltun Lagoon was used as the main 1997 observation post. From this
vantage point, we employed three observation methods: scan sampling, focal
observations, and theodolite tracking. In addition, this platform allowed observers to
direct the research vessel to select whale groups for photo-identification purposes. Each
shore observation day began at sunrise when appropriate weather conditions were
present. The observation crew consisted of three people: a behavioral observer,
theodolite operator, and computer operator. On arrival to the lighthouse, research
equipment was assembled and environmental conditions (visibility, Beaufort State, swell,
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wind, glare, etc.) were recorded. All behavior and theodolite data were entered real-time
on a laptop computer running a time-synchronized data-collection program, named
“Aardvark,” developed by Cornell University for shore-based whale studies. Data
collection protocols are detailed in Appendix I, including descriptions of whale behavior,
weather, sea condition, data confidence ratings, and potential disturbance categories.
The main components of shore-based behavioral work were dedicated to data collection
during different times of day, for non-seismic, seismic, and post-seismic conditions, and varying
pod-to-survey vessel distances. Seismic conditions were determined by inspection of survey
vessel activity logs. Non-seismic periods were defined as times when the survey vessel was not
active and when no other potential sources of disturbance (other vessels, aircraft, killer whales,
etc.) were observed within the scan area. Seismic periods were times when survey operator
records indicated array gun activity. Post-seismic conditions were defined as up to one hour
after seismic activity ceased, and when no other potential sources of disturbance were noted (see
above conditions for non-seismic periods). In addition, pod-to-vessel distances were obtained by
taking survey vessel positional data and theodolite-obtained pod locations and calculating the
distance between them. Three basic data collection methods were used: 1) systematic 15-min
scans; 2) theodolite tracking of pods; and 3) focal pod observations. Each of these methods are
described in the following sections.

Scan Samples
To determine the number of pods, number of whales, and pod locations within the
study area, scan samples were collected each hour when not following focal pods. As a
rule, each observation day began with a 15-min scan which covered a predetermined and
constant portion of the study area. This viewing “arena” consisted of a 110° arc divided
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so that 55° of the arena was to the north of the lighthouse, and 55° to the south. Offshore
viewing range was determined by visibility, but no scans were conducted in which
offshore visibility was less than 0.5 km. Hand-held binoculars (7 x 50) were used for all
shore-based scans. During each scan, the behavioral observer scanned from north to
south, counting and sequentially numbering each pod, and detailing pod composition.
Simultaneously, the theodolite operator marked each pod’s location and verified pod
composition. In addition, any vessels in the area were noted, and tracked via theodolite.

Theodolite Tracking
Whale movement patterns, including travel speed, angular change in course
direction, linearity, and reorientation rates were monitored by theodolite. Similarly,
seismic survey ships and other vessel traffic within the study area were also tracked by
theodolite. This line of investigation has been especially useful in other whale studies
(summaries by Richardson and Würsig 1995, 1997) by providing meaningful information
on natural behavior and possible disturbance effects. A Lietz/Sokkisha Model DT5A
theodolite, with 10-sec precision and 30-power monocular magnification, was used to
track whale and vessel locations. The theodolite measured the exact horizontal and
vertical angles of target locations in degrees, minutes, and seconds from the lighthouse
observation platform. Horizontal bearings were referenced to True north with a relative
angle set consistently on a map-located GPS mark. Vertical angles were automatically
referenced to gravity by the theodolite. To determine locations of targets, theodolite
angles were converted into Cartesian coordinates with correction for curvature of the
earth and theodolite height. Tidal variation, an important variable in determining the
accuracy of theodolite tracks, was directly measured from a tide stake within the Piltun

28

Lagoon and indirectly measured by extrapolation from 1997 tide charts for the more
southern Chaivo Bay region.

Focal Observations
To obtain behavior and respiration information on select individuals and pods,
focal observations were conducted (Altmann 1974). Focal observations were done with 7
x 50 or 10 x 35 hand-held binoculars and began when a pod was sighted within reliable
viewing range of the lighthouse. In general, the behavioral observer initiated a focal
session and continued observations until the focal pod traveled out of viewing range, or
environmental conditions hampered reliable behavioral observation. Focal observations
were conducted on only one pod at a time. In contrast, the theodolite operator attempted
to track multiple pods and all vessels within view during a session, while also closely
monitoring the focal pod. Definitions of whale behavior, respiration variables, and other
parameters measured by theodolite are given in Appendix I.

Dataset Partitioning
Data partitioning was necessary for a number of analyses presented here. These
restrictions are outlined in the following sections. The period for which comparisons
relating whale behavior to seismic activity was 23 July-12 August. These dates represent
the start of our 1997 shore-based data collection (23 July) and the final geophysical
survey records (12 August) provided to us by seismic operators.
Scan Data - A total of 397 pods counted during scans between 23 July-8
September were used to examine the number of pods, whales, and whales per pod in the
study area. No dataset restrictions were employed for these analyses. Pod locations and
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descriptions of overall distribution were limited to the 343 pods fixed by theodolite
during scans between 23 July and 8 September. Analyses examining the number of pods,
whales, and whales per pod in relation to non-seismic, seismic, and post-seismic periods
were restricted to the 23 July-12 August period. Scans included in all of the above
analyses were restricted to sessions in which no other source of potential disturbance
(e.g. other vessels, aircraft, etc.) were visible from the lighthouse.
Theodolite Data - Theodolite tracking data collected between 23 July-12 August
were used for comparison of leg delta, leg speed, linearity, and reorientation for all pods
during non-seismic, seismic, and post-seismic conditions. Analyses which considered
pod-to-vessel distance were restricted to one-whale pods during “seismic-on” periods.
The rationale for this dataset restriction was based on the lack of seismic vessel records
during non-active periods, and the overall limited number of days for which vessel
locations and pod locations could be simultaneously plotted. The occurrence of pods >1
during these occasions was unusual. Therefore, to prevent spurious contributions from
unusually large pods (considered here to be outliers), and to minimize potential
confounding effects of pod composition, this analysis was limited to single-adult whale
pods. Tracks included in these analyses were restricted to sessions in which no other
source of potential disturbance (e.g. other vessels, aircraft, etc.) were visible from the
lighthouse.
Focal Observation Data - Focal observation data collected between 23 July-12
August were used for comparisons of surfacing-respiration-dive variables during nonseismic, seismic, and post-seismic conditions, and with respect to pod-to-vessel distance.
In order to minimize possible confounding effects of pod composition, vessel traffic, and
viewing conditions, focal observation sessions included in these analyses were restricted
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to those conducted on single-adult whale pods, in which no vessels other than seismic
vessels were visible from the lighthouse, and in which the behavioral observer
confidence rating was three or lower (see Appendix I).

Statistical Procedures and Considerations
Frequency distributions for scan, theodolite, and focal observation data were of a
generally uni-modal and near-normal nature (Zar 1984). Because of the robustness of
parametric analyses for these types of distributions (for example, see Dorsey et al. 1989),
we analyzed these data by parametric Analysis of Variance (using an alpha level for
significance of p < 0.05) followed by Fisher’s post hoc comparisons (Zar 1984).
As is true for most other studies on large whales using similar methodological
approaches (for example Würsig et al. 1986, Malme et al. 1987), the potential for
pseudo-replication and/or lack of data independence is of potential concern. As a partial
solution to this problem, we have followed the suggestion of Dr. W. John Richardson
(personal communication), and used mean rather than raw values for all variables
potentially influenced by this consideration. For example, blow interval was calculated
by using the mean interval for each surfacing rather than using the interval between each
blow. However, for the purposes of this report, blow interval was also analyzed and
presented to allow for direct comparisons with previous studies on gray whale surfacingrespiration-dive patterns which were based on raw score data (Würsig et al. 1986, Malme
et al. 1988). Other parameters for which mean rather than raw scores were used included
leg speed, and leg delta. For these theodolite-determined variables, raw scores were
averaged into a single mean value per track.
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Graphic Representations
Graphic representations of the data reported here are consistent in the use of
Standard Error of the Mean (SEM) for all error bars on histograms. Box plots display the
10th, 25th, 75th, and 90th percentiles, along with mean and median values. Value labels
provided in individual plots are identified by the associated legend, x- and y-axis titles, or
descriptive figure captions.

Photo-Identification
Photographic identification has proved extremely useful for whale studies, and
gray whales are particularly well-marked along their sides, backs, and flukes (Darling
1984, Jones 1990). Boat-based photo-identification surveys were conducted on all good
weather days during the study period. Identical methodology was employed during each
survey, with the primary objective of encountering and photographically identifying as
many whales as possible. Previous photo-identification data gathered in the Piltun area
in 1994 and 1995 used mainly right-side dorsal flank markings for identification
(Brownell et al. 1997), and for the sake of intra- and inter-annual reliability, we
continued this methodological approach.
Photographic surveys involved slow travel in a 4.5 m outboard powered inflatable
boat. The research team consisted of a boat driver, data recorder, digital video camera
operator, and 35-mm camera photographer. Systematic search from the survey vessel
was maintained until a whale sighting was made. At this point, the survey vessel was
slowed to idle speed, and maneuvered to a vantage point approximately 50 m from the
whale pod. From this vantage, observations on pod location, time, behavior, and number
of whales were recorded. A pod was defined as any whales observed in close spatial
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proximity, and usually moving in the same direction while often engaged in similar
behavior.
The research vessel was then moved within 3-12 m of the whale pod and
individuals were photographed. During the photographic effort, a running commentary
regarding the film frame and video counter number as related to particular whales was
recorded onto data sheets. Measures of water depth, location (as determined by GPS),
and environmental conditions were recorded on average every 3-5 min throughout the
entire photographic session. In all cases, attempts were made to simultaneously
photograph and video tape the right dorsal flank of each whale, followed then by photos
of the left dorsal flank and flukes. Photographs were taken with a Nikon F5 35-mm
camera equipped with a 100-300 mm zoom telephoto lens, high-speed motordrive, and
databack. Video footage was recorded on a Sony DCR-VX1000 digital video camera.
Two 35-mm film types were used: Kodachrome 200 ISO color slide film, and T-Max 400
ISO black and white negative film.
Contact with whale pods was maintained until photographic effort was completed.
The boat was then motored away from the pod, where initial field estimates of pod size
and group composition were revised if necessary, and all film and written records
reviewed for completeness. These procedures were repeated as the research vessel
resumed travel and additional whale pods were encountered. Pod size estimates were
based on field observations, and were the product of a consensus among all trained
observers on board the survey vessel. Calves were identified by their small body size and
constant association with a particular adult whale.

33

Photo-Identification Analysis
A total of 72 rolls of film (2600 frames) were taken during the 1997 field season.
Images of individual gray whales consisted of various aspects of the body, including
head, back, dorsal flanks, and flukes. Based on the photographic methodology developed
by Brownell et al. (1997) during a 1995 field effort in the Piltun area, the 1997 research
team also targeted the right dorsal flank of each whale as the primary body aspect for
identification purposes. Attempts were made in all cases to follow this standard
approach, however, it was not always possible. Therefore, to maximize the collection of
data, whales were photographed sequentially from head to fluke on either the left or right
side, and the top and bottom of their flukes. Written observations collected at the time of
each photographic session were used to link inter-individual aspects together whenever
possible.
Photographic images were first examined on a light table using an 8x loupe. To
prevent cataloging different sides and aspects of the same whale as more than one
individual, the right flank was always used as the basis for initial identification. A whale
was not given a permanent subject identification number unless its right dorsal flank was
photographed at some point during the field season. Additional aspects of the body were
used as identification tools, only if they were first matched with their respective right
flank. Of course, it was our ambition to identify as many whales as possible, therefore all
images of acceptable quality (even if unmatched) were archived for subsequent
identification purposes.
Photographic “matching” was done by comparing a “new” individual to all images of
already cataloged whales. If a prospective match was determined, the current slide was
repeatedly compared to previous slides, and was required to match before being confirmed as a
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reidentification of a known individual. If a photograph could not be matched, then photographs
of remaining individuals were inspected. Although labor intensive, this systematic search
process ensured that all previously sighted whales would be resighted. If a match was not found
after this comprehensive inspection, the individual was considered a new sighting. Upon
completion of the 1997 photo-identification catalog, comparisons were made with whales first
identified in the Piltun study area during week-long field efforts in 1994 and 1995 and a database
containing information on each whale identified between 1994-1997 was established.

Digital Video Analysis
Digital video footage was collected simultaneously to still photography during all
photo-identification surveys. Each video session was subsequently reviewed frame by
frame to verify and enhance the already established 35-mm photographic catalog. A data
code containing date and running time information allowed easy separation of whale
pods. When analyzing each pod session, video frames of marked whales were compared
to the corresponding 35-mm slides for that group. If the video image(s) matched a whale
already cataloged, a note was made in the video log and the next surfacing sequence was
examined. If the video images did not match a previously known whale, then a print was
made on a digital video color printer. Such prints were set aside for later comparison
with the 35-mm photographic catalogs. If the videographer recorded a previously
unphotographed aspect of an identified whale, then a print was made of that aspect. The
print was labeled with the appropriate identification number and added to the
identification catalogs.
After all digital video footage was analyzed and necessary prints made, images of
whales not accounted for by 35-mm photographs were systematically “matched”
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following the same procedure as that described for photo-identification analysis. Only
two video prints (of right-side dorsal flanks) were not matched in the 35-mm catalog of
identified individuals. Although these prints contained the “standard” side and aspect for
permanent identification, both prints showed a minimal amount of pigmentation and
marking information. Thus, the two video prints of right-side dorsal flanks were added to
the temporary identification catalog for comparison with photographs taken during future
field seasons.
The use of digital video proved to be a valuable tool in creating the photoidentification catalogs. Although the quality of the video images was generally slightly
lower then the 35-mm photographic images, the resulting footage nevertheless provided
additional aspects for identified whales. Also, use of video-based recognition increased
the sighting frequencies of eight identified whales by one or two observations, and by
four for one additional whale.

RESULTS AND DISCUSSION

Aerial Surveys
Five whales were seen during the 19 August aerial survey. No whales were seen between
Nikolayevsk to Cape Elizabeth, one (at 53°41’ N) from Cape Elizabeth to the port city of Okha
(53°35’ N) on the northeastern coast, and four sightings between Okha and the northern tip of
Piltun Lagoon (53°24’ N). All sightings were of single non-calf whales within 300-800 m of
shore. During this rapid transit past the northern part of gray whale distribution in rather
inclement weather and only marginal viewing conditions, we observed three whales oriented
south and two south-east, indicating a possible general movement south, along shore. The first
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(northern-most) whale seen had mud trailing from its last surfacing location, indicative of
feeding. Movement speed was slow for that first whale, and slow to medium speed (without
whitewater along the flanks) for the other four. The brief views as we passed by gave one of us
(B. Würsig, experienced with dedicated airplane surveys) the impression that more whales than
were counted, were missed due to marginal sighting conditions. Nevertheless, the single and
sporadic sightings indicated the lack of any large concentrations of animals.
While this brief survey was certainly not enough to characterize details of gray whale
occurrence patterns in the area, it indicated that the northern most area of gray whale distribution
may have been approximately 90 km north of Piltun on that day. Further, it is apparent that
whales occur throughout that northern range, but that no great concentrations, as commonly seen
directly off Piltun, were likely to have been present to the north at that time. These findings
support previous results from TINRO surveys in the Okhotsk Sea between 1979 and 1989 which
reported that the only major concentrations of gray whales in coastal waters of Sakhalin were
observed near Piltun Lagoon (Blokhin et al. 1985, Votrogov and Bogoslovskaya 1986, Berzin et
al. 1988, 1990, 1991, Berzin in press).

Vessel Surveys
During the 1-3 August large vessel survey, five pods consisting of 10 whales were
encountered to the south and within 18 km of the mouth of Piltun Lagoon. In addition, 16 pods
composed of 26 whales were encountered north of the lagoon mouth, and as far north as 53°24’
N (Table 1 and Fig. 4).
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Table 1. Gray whale sighting locations collected 1-3 August, 1997, from the Russian
research vessel.
Whale location

Number of whales

Whale location

Number of whales

52°34’N 143°24’E
52°36’N 143°23’E
52°40’N 143°22’E
52°42’N 143°22’E
52°45’N 143°22’E
52°58’N 143°20’E
52°58’N 143°20’E
52°59’N 143°19’E
53°01’N 143°19’E
53°09’N 143°20’E
53°10’N 143°18’E

2
3
1
3
1
2
1
3
1
1
1

53°11’N 143°18’E
53°11’N 143°18’E
53°12’N 143°18’E
53°14’N 143°19’E
53°14’N 143°17’E
53°14’N 143°15’E
53°15’N 143°19’E
53°17’N 143°15’E
53°18’N 143°15’E
53°23’N 143°14’E

1
1
3
1
1
1
3
1
1
4

All whale sightings were within 4 km of shore, a trend likely to be related to the limited
sightability from the relatively low sighting platform of the ship. During this same three-day
period, approximately 23 whales were observed from the lighthouse. Thus, it is possible that as
many as 59 gray whales were present between 52°00’ N and 53°30’ N during this survey, but we
have no information on what proportion this represented of the entire instantaneous-use area and
numbers on 1-3 August.

Acoustic Studies
Digital acoustic recordings were made on 27 occasions, from 31 July to 5 September, at
depths ranging from 4.5-24.0 m (Table 2 and Fig. 5). Eleven of these recordings were clearly
free of seismic sounds, 13 contained measurable seismic noise, and three may have contained
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Figure 4.

Gray whale sighting locations during 1-3 August, 1997, large vessel transect
Along the northeastern Sakhalin coast.
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Table 2.

Summary of 1997 acoustic recording sessions.
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Figure 5.

Acoustic recording locations for July-September, 1997.
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audible but weak seismic pulses. Whale sounds were only recorded on two occasions on 26
August, during active seismic periods (Table 2). The sounds consisted of stereotypic “knock”
sounds commonly emitted by gray whales (for example, Dahlheim et al. 1984). In this case, the
knocks came from one whale, approximately 300 m from the recording vessel, as the animal
traveled slow to medium speed. Because the sounds were of low intensity relative to ambient
noise on that day, a detailed sound frequency analysis was not possible.
Records provided to us by the seismic operators surveying the Piltun-Astokhskoye field
indicated that the 3-D seismic array used consisted of 27 active sleeve guns, with a total volume
of 2620 cu. in. The average pressure was listed as 2000 psi with primary amplitude of 35.70 barm (~242-246 dB re 1 µPa) and a peak-to-peak amplitude of 79.90 bar-m (~252 dB re 1 µPa) (see
Richardson et al. 1995 pp. 137 for bar-m to dB conversions). Received levels of 165 seismic
pulses were measured through waveform analysis. Seismic pulses were generally separated by
about 7.5 sec from each other, and energy from each pulse lasted no longer than approximately
0.5 sec. (Fig. 6). An example of strength over time of a seismic pulse recorded on 1 August is
presented in its sound waveform (Fig. 6).
Distribution of sound level as a function of frequency for this same pulse is represented
in its spectrum (Fig. 7). The overall broadband received level values for this pulse, as measured
from the waveform, were approximately 153 dB re 1 µPa, zero-to-peak; 159 dB re 1 µPa, peakto-peak; and 139 dB re 1 µPa, averaged over one second. Zero-to-peak and peak-to-peak values
are simply the algebraic differences between zero and the positive and negative extremes,
respectively, as determined from the highest-amplitude portion of the waveform. The averaged
value of 139dB re 1 µPa represents the average received level over a one-second interval (taking
into account the logarithmic nature of decibel scales), and, as with the “peak” levels,
encompasses the energy in all measured frequencies. At the time of this recording our vessel

42

was in 12 m of water with the hydrophone at 6m depth, while the seismic vessel was
approximately 30.4 km to the southeast, traveling 170° (True), and surveying in water 37 m
deep.
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Figure 6.

Waveform of a seismic pulse recorded on 1 August, 1997, depicting the
distribution of sound level as a function of frequency.
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Figure 7.

Spectrum of a seismic pulse recorded on 1 August, 1997, depicting the

distribution of sound level as a function of frequency.
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Gray whales migrating northward off California showed clear behavioral reactions and shifts in
travel due to received seismic sounds of about 160 dB, by slowing travel, re-orienting, and
increasing their respiration rates (Malme et al. 1984). In the northern Bering Sea, summering
gray whales (in the same seasonal phase as during the present study) showed behavioral
avoidance 10.0% of the time when received levels of seismic pulses were about 163 dB, and
50.0% of the time when pulses were about 173 dB (Malme et al. 1988). Potential impacts of
seismic activities off Piltun were observed from our limited 1997 data set, and a comparative
discussion will be presented in the following scan, theodolite tracking, and surface-respirationdive sections.

Shore-Based Observations
Scans
Eighty-two 15-min scans were made from shore on 33 days between 23 July and 8
September, with 39 conducted in the morning (before 1200 hrs) and 43 in the afternoon. During
that time, a total of 397 pods consisting of 689 whales were sighted. The overall mean number
of pods detected per scan was 4.8 + s.d. 2.91. The overall mean number of whales per scan was
8.4 + s.d. 4.96, and the overall mean number of whales per pod was 1.7 + s.d. 1.02. Twentyseven (7.0%) of these pods, many of which certainly represented resightings of the same whales
over time, contained at least one calf. This percentage may be slightly low however, as some
calves may have been missed due to sighting conditions and distance of whales from the
lighthouse sighting platform. See results presented in the photo-identification section for further
details regarding mother-calf pods present during the study period.
The overall mean number of pods and whales detected per scan during the morning
period was 4.3 s.d + 2.44 and 7.8 s.d. + 5.27, respectively (Fig. 8-9). Afternoon scans were
characterized by means of 5.3 s.d. + 3.24 pods per scan, and 8.9 s.d. + 4.67 whales per scan (Fig.
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8-9). Relative numbers and general distribution of pods and whales detected during morning and
afternoon sampling periods did not appear to change greatly throughout the season (Fig. 10).
The number of pods per scan and number of whales per scan indicated that whales were
present throughout the research period, but with an apparent seasonal pulse of fewer whales from
about 8 to 24 August than before and after this two-week period (Figs. 11-12). Of the
397 pods detected during scans, 86.4% (n = 343) were accurately fixed by theodolite.
The major concentration of pods (as determined by theodolite) was within approximately
6 km of the coast, with the farthest sightings 12 km offshore during optimal viewing
conditions (Fig. 13). Nevertheless, because our offshore sighting distance was often
hindered by atmospheric conditions, a reliable assessment of whale numbers greater than
about 6-9 km from shore was prevented.
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Figure 8.

Number of pods detected per scan during morning and afternoon sampling

periods, and by month. Days on which more than one scan was conducted are represented by
repeated dates on the x-axis.
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Figure 9.

Number of whales detected per scan during morning and afternoon sampling

periods, and by month. Days on which more than one scan was conducted are represented by
repeated dates on the x-axis.
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Figure 10.

Theodolite-determined pod locations collected during shore-based scan samples.
Symbols represent morning and afternoon sighting trends.
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Figure 11. Number of pods per scan from 23 July to 8 September, 1997. Days on which more than
one scan was conducted are represented by repeated dates on the x-axis.
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Figure 12. Number of whales per scan from 23 July to 8 September, 1997. Days on which more than one
scan was conducted are represented by repeated dates on the x-axis.

Figure 13.

Theodolite-determined pod locations collected during shore-based scan samples.

Symbols represent weekly sighting trends.
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Overall, 95.3% (n = 327) of the 343 pods located by theodolite were sighted within 4 km of
shore, with the majority of pods (68.2%) occurring between 1-3 km (Fig. 14). However, a
month-by-month analysis showed that the mode of pod distribution occurred from 1-2 km in
July, 1-3 km in August, and 3-4 km in September (Fig. 15). This pattern indicated a procession
of pods into deeper water as the summer season progressed.
Although there were daily differences in distances that pods could be sighted due to fog,
sunglare, or Beaufort State, there was no apparent overall seasonal change in visibility that could
account for the monthly increase in sightings further from shore later in the season. As well, the
fact that fewer pods were sighted close to shore in September helps to argue against an
interpretation of the reported shift in seasonal distribution being solely an artifact of sighting
conditions. Therefore, it appears that the shift to a more offshore distribution later in the season
was real. It is not known at this time whether changes in seasonal distribution were due to
biological changes such as the distribution and density of prey items, or perhaps migratory
restlessness, or were related to anthropogenic factors such as seismic activity. While additional
data are clearly required to better understand the apparent late season offshore movement of
these whales, one potential explanation is that the shallow water and shelving nature of the nearshore area off Piltun may have had considerably less energy (or loudness) from anthropogenic
noise, mainly seismic for the 1997 season, resulting from sound absorption by the bottom and
surface (Richardson et al. 1995). Support for this hypothesis is provided by the apparent change
in seafloor structure from rock bottom in waters 35-40 m deep to sand bottom at 25-35 m depth
(Sakhalin Energy Investment Company 1997). Since seismic survey activities in the PiltunAstokhskoye field continued until 12 August, whales may have remained closer to shore during
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Figure 14.

Overall number of pods and number of whales observed during shore-based scans

with corresponding distances from shore as determined by theodolite.
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Figure 15. Monthly plots of the number of pods and number of whales observed during scans with corresponding distances
from shore as determined by theodolite.

seismic periods (July - mid August) and shifted to more offshore waters in late August and early
September once seismic surveying was terminated. However, our underwater recordings
indicated that seismic sounds from an unknown source occurred to at least 5 September,
confounding any further attempts at a potential correlation of gray whale inshore-offshore
distribution and seismic activity.
The overall distribution of whales within the scan area was highly skewed to the north of
our observation post. Over the entire season, 66.5% (n = 228) of the 343 pods located by
theodolite during the study were initially detected north of the lighthouse, while only 33.5% (n =
115) of all pods were detected to the south (Fig. 16a). During July, 70.0% (n = 89) of all pods
were located to the north while 30.0% (n = 39) were first sighted to the south (Fig. 16b). A
similar trend was also apparent during the August sample, with 73.2% (n=230) of all pods to the
north and 26.8% (n = 84) to the south (Fig. 16b). This pattern changed dramatically in the
September sample, when 52.3% (n=90) of all pods were located north of the lighthouse, while
47.7% (n = 82) were detected to the south (Fig. 16b). At present, we do not know what may
have caused this shift. A potential explanation may be an increase in late season (September)
migratory unrest, characterized by increased movement to the south in advance of the fall
southward migration. Alternately, biological changes in the near shore ecology and prey
availability may also help to account for the patterns in longshore distribution presented here.
We hypothesize that the entrance to Piltun Lagoon and the northward flow of nutrient rich
lagoon waters to the sea during low tides may have a significant effect on the near-shore benthic
community of the region. While additional data are needed, it is plausible that the tendency for
whales to aggregate north of the lighthouse during July-August, which based on our observations
is approximately the latitude where lagoon water fully mixes with seawater, may be related to
north-south differences in prey density.
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There was a strong tendency for the number of whales per pod (pod size) to be larger
within the first 1-2 km of shore, with the < 1 km distance being the only one with pods of more
than two whales on average (Fig. 17a). This later result may relate to the regular occurrence of
mother-calf pods in the near-shore area. Indeed, data from our shore-based scans indicated that,
of the pods with calves for which theodolite determined positions were obtained, 24 were seen
within 2 km of shore, and only one outside of that distance. Although these data indicate a clear
tendency for pods with calves to stay near shore, they must not be regarded as comparative
absolutes, as it becomes more difficult to identify calves at greater distances.
While overall pod sizes were largest in the 0-2 km zone, in September, when the mode in
pod numbers was 3-4 km from shore, the mean pod size of 1.9 was also large (Fig. 17b). Future
work, especially involving radio- and satellite-tracking of known individuals, may provide
further insight into the apparent seasonal shifts in the number of pods, pod size, and both
inshore-offshore and north-south distribution during late summer/early autumn.
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Figure 16.

Overall (A) and monthly (B) number of pods and number of whales observed

north and south of the lighthouse during shore-based scans.
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Figure 17.

Overall (A) and monthly (B) mean pod sizes as a function of distance from shore

as determined by shore-based scans. Error bars represent standard error of the mean.
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No significant differences were detected in the number of whales per scan (Fig. 18a) or in the
number of whales per pod as a function of non-seismic, seismic, and post-seismic conditions
(Fig. 18b). However, the overall analysis of pods per scan revealed a marginally significant
effect of seismic condition (F(2,29) = 2.924, p = 0.0697). The mean number of pods detected
per scan for the three conditions were: non-seismic-- 5.6 + s.d. 1.76 (n = 15); seismic-- 4.7 + s.d.
2.92 (n = 12); post seismic-- 2.8 + s.d. 1.48 (n = 5) (Fig. 18c). Fisher’s post hoc comparisons
indicated a significant difference (p < 0.05) in the number of pods detected per scan between
non-seismic and post-seismic conditions (Fig. 18c). This result, shows a trend of fewer pods
being detected immediately after seismic periods than during non-seismic periods and may
indicate that pods began to shift their distribution out of the study site during periods of seismic
noise, resulting in the lower whale numbers during the subsequent post-seismic condition. The
apparent change in overall whale occurrence could be related to individual whales reacting
differently to seismic sound, by, for example, increasing travel speed, changing directions
differently from whales, or changing basic behavior patterns of feeding, travel, and socializing.
Changes in speeds and orientations relative to seismic sound were found by Malme et al. (1984,
1986, 1988) for migrating and feeding eastern stock gray whales, and by Richardson et al.
(1986) and Ljungblad et al. (1988) for bowhead whales. However, we emphasize that our data
represent relatively small sample sizes collected during a short time within only one season. The
fact that whales continued to occur near shore throughout the study period may argue against
overt
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Figure 18. The number of whales (A), number of whales per pod (B), and number of pods (C)
detected per scan and as a function of seismic category. The lowest, second lowest, middle, second
highest, and highest box points represent the 10th percentile, 25th percentile, 75th percentile, and 90th
percentile, respectively. Means are represented by black squares. Value labels represent number of
scans.

longer-term behavioral disruptions by the seismic activity that occurred generally greater than 10
km to the east.

Theodolite Tracking
Eighty-four pod tracks, some of which overlapped in time, totaling approximately 36 h
were used in the overall analysis. Tracks ranged from 8 min to 92 min in length, with a overall
mean track length of 25.6 min. Pod tracks which spanned across two conditions (i.e. a track
which started in non-seismic conditions but ended under seismic conditions) were appropriately
partitioned into each respective category. Tracks stopped when whales moved out of reliable
sighting distance, as night descended, or (more often) due to inclement weather such as high
winds and fog. In general, whales often meandered in areas approximately 500 m in diameter
for up to several hours, with most activity being apparent feeding behavior (see Appendix I).
Whales tended to show no preferred direction of movement, as might be the case during
directional travel or as a result of migratory unrest.
Four descriptive parameters of whale movement patterns obtained by theodolite were
compared for tracks collected during periods for which seismic survey records and pod-to-vessel
distances were available. These parameters were: 1) Leg Speed - speed between subsequent
theodolite fixes of the same pod; 2) Leg Delta - angular change between three consecutive legs;
3) Linearity - the ratio between total distance traveled and distance between beginning and end
points of a track or “distance made good”; and 4) Reorientation - the sum of changes in a pod’s
bearing between legs, divided by the number of seconds for the entire track, or in other words,
the average number of degrees that are passed through in one second. Leg speed and leg delta
data were analyzed by averaging raw scores into a single mean value per track, and linearity data
(consisting of ratios) were arcsine transformed prior to analysis (Zar 1984).
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Movement Patterns as a Function of Pod-to-Vessel Distance
Working under the hypothesis that the distance of the survey vessel from a pod would
potentially influence behavior differentially, we examined pod tracks as a function of distance.
This analysis consisted only of “seismic-on” data because our records of seismic activity were
limited to periods when the survey vessel was active, and therefore the only times when pod-tovessel distances could be calculated. Theodolite data for periods of known vessel activity fell
into two discrete pod-to-vessel classes; 20-30 km and 30-40 km.
The analyses of mean leg speed (F(1,11) = 0.625, p = 0.4458), mean leg delta (F(1,9) =
0.438, p = 0.5246), linearity (F(1,9) = 0.057, p = 0.8171), and reorientation (F(1,9) = 0.259, p =
0.6229) during seismic-on conditions and as a function of pod-to-vessel distance revealed no
significant differences (Fig. 19a-d). Based on these results, we speculated that pod-to-vessel
distance was not in itself eliciting detectable differences in whale movement patterns, at least
during seismic-on conditions. However, the presence or absence of seismic sounds, regardless
of distance, could not be ruled out as potentially producing discernible behavioral effects and
this possibility was investigated in the following analysis.

Movement Patterns as a Function of Seismic Condition
In this analysis, the same movement parameters as described above were compared for
pods tracked during non-seismic, seismic, and post-seismic periods without taking the covariate
of pod-to-vessel distance into account. The overall analysis of mean leg speed revealed a
significant effect of seismic condition (F(2,81) = 6.574, p = 0.0023). The mean leg speed for
each of the three conditions were: non-seismic-- 1.5 + s.d. 0.973 (n = 39); seismic-- 2.5 + s.d.
1.26 (n = 30); post seismic-- 2.3 + s.d. 1.35 (n = 15) (Fig. 20a). Fisher’s post hoc comparisons
indicated a significant difference (p < 0.05) in mean leg speed between non-seismic and both

65

seismic and post seismic conditions. These findings indicate that whales traveled more rapidly
during and after seismic activity than in its absence.
The analysis of mean leg delta showed a marginally significant overall effect of
seismic condition (F(2,58) = 2.851, p = 0.0659). The mean leg delta for each of the three
conditions were: non-seismic-- 65.2 + s.d. 38.26 (n = 25); seismic-- 40.2 + s.d. 34.38 (n =
23); post seismic-- 44.4 + s.d. 44.19 (n = 13) (Fig. 20b). Fisher’s post hoc comparisons
revealed a significant difference (p < 0.05) in mean leg delta between non-seismic and seismic
conditions. These findings suggest that whales decreased angular changes in movement patterns
during seismic periods.
The overall analysis of linearity revealed a significant effect of seismic condition
(F(2,58) = 5.546, p = 0.0062). The average distance made good ratio for the three conditions
were: non-seismic-- 0.75 + s.d. 0.378 (n = 25); seismic-- 1.1 + s.d. 0.383 (n = 23); post seismic-1.1 + s.d. .391 (n = 13) (Fig. 20c). Fisher’s post hoc comparisons indicated a significant
difference (p < 0.05) in linearity between non-seismic and both seismic and post-seismic
conditions. These findings suggest that whales covered a larger linear area per time during
seismic and post seismic conditions. Finally, the analysis of reorientation revealed a nonsignificant effect of seismic condition (F(2,58) = .638, p = .5092) (Fig. 20d).
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Figure 19.
Mean leg speed (A), mean leg delta (B), linearity (C), and reorientation (D)
statistics for theodolite-tracked, one whale pods during seismic conditions and as a function of
pod-to-vessel distance. The lowest, second lowest, middle, second highest, and highest box
points represent the 10th percentile, 25th percentile, median, 75th percentile, and 90th percentile,
respectively. Means are represented by black squares. Value labels represent number of pod
tracks.
67

Figure 20.

Mean leg speed (A), mean leg delta (B), linearity (C), and reorientation (D)

statistics for theodolite-tracked whale pods during non-seismic, seismic, and post-seismic
conditions. The lowest, second lowest, middle, second highest, and highest box points represent
the 10th percentile, 25th percentile, median, 75th percentile, and 90th percentile, respectively.
Means are represented by black squares. Value labels represent number of pod tracks.
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In sum, overall changes in mean leg speed, mean leg delta, and linearity were detected in
the presence of seismic activity. These three findings together indicate a trend of faster and
straighter swimming over larger areas during seismic periods. While additional data are needed,
the present results show that seismic activity does elicit a behavioral change in overall whale
movement patterns. We do not presently know how to relate these findings to a possible
“nervousness factor,” but hypothesize that it may be indicative of disturbance to feeding
behavior which is generally characterized by limited linear movement and a high degree of
angular change between surfacings (Würsig et al. 1986).

Surfacing-Respiration-Dive Parameters
Twelve focal sessions, conducted between 19 July and 12 August, were available for
analysis. These focal observations ranged from approximately 8 min to 75 min, with a mean
focal follow of 33 min. The overall frequency distributions of surfacing-respiration-dive (SRD)
parameters for single whale pods are presented in Fig. 21. Similar to the analyses conducted on
theodolite-obtained data, two analyses were conducted on five discrete SRD parameters (see
Appendix I for detailed descriptions of these variables). These parameters were: Blow Interval;
Dive Time; Surface Time; Blows Per Surfacing; and Surface-Dive Blow Rate. Blow interval
data were analyzed in two manners; as the mean of all blow intervals during a single surfacing
and as raw scores, taking each blow interval into account. However, only mean blow interval
data are plotted here.

SRD Behavior as a Function of Pod-to-Vessel Distance
Working under the hypothesis that the distance of the survey vessel from a pod would
potentially influence behavior differentially, we examined SRD parameters as a function of
distance. This analysis consisted of only “seismic on” data because our records of seismic
activity were limited to periods when the survey vessel was active, and therefore the only times
when pod-to-vessel distances could be calculated.
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Figure 21. Frequency distribution of five surfacing-respiration-dive variables measured during
focal observations on one-whale pods.
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Figure 21 (cont.) Frequency distribution of five surfacing-respiration-dive variables measured
during focal observations on one-whale pods.
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Figure 21 (cont.) Frequency distribution of five surfacing-respiration-dive variables measured
during focal observations on one-whale pods.
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SRD data for periods of known vessel activity fell into three discrete pod-to-vessel classes; 1020 km, 20-30 km, and 30-40 km. In this analysis, data collected during seismic-on conditions
were compared as a function of pod-to-vessel distance. No significant differences in raw score
blow interval (F(2,274) = 0.249, p = 0.7794); mean blow interval (F(2,49) = 0.996, p = 0.3768);
blows per surfacing (F(2,60) = 0.401, p = 0.6716); surface time (F(2,60) = 0.37, p = 0.692); dive
time (F(2,60) = 0.584, p = 0.5607); or surface-dive blow rate (F2,56) = 0.478, p = 0.6225) were
detected when examined by the three distance categories (Fig. 22a-e). Again, as was suggested
for the theodolite data, it also appeared that pod-to-vessel distance was not in itself eliciting
detectable differences in whale surfacing-respiration-dive patterns, at least during seismic-on
conditions. However, the presence or absence of seismic sounds, regardless of distance, could
not be ruled out as potentially producing discernible behavioral effects and was therefore
investigated in the following analysis.

SRD Behavior as a Function of Seismic Condition
In this analysis, the same surfacing-respiration-dive variable described above were
compared for all one-whale pods observed during non-seismic, seismic, and post-seismic
conditions without taking the covariate of pod-to-vessel distance into account. The overall
analysis of blow interval for raw scores revealed a significant effect of seismic condition
(F(2,425) = 14.218, p = 0.0001) . The mean blow interval for the three conditions were: nonseismic-- 34.5 + s.d. 13.21 (n = 118); seismic-- 29.12 + s.d. 10.44 (n = 278); post-seismic-- 24.78
+ s.d. 7.35 (n = 32). Fisher’s post hoc comparisons indicated a significant difference (p < 0.05)
in raw blow interval between non-seismic and both seismic and post-seismic and also between
seismic and post-seismic conditions.
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Figure 22. Mean blow interval (A), number of blows per surfacing (B), surface time (C), dive time
(D), and surface-dive blow rate (E) statistics collected during focal observations of one-whale pods
and as a function of pod-to-vessel distance. The lowest, second lowest, middle, second highest, and
highest box points represent the 10th percentile, 25th percentile, median, 75th percentile, and 90th
percentile, respectively. Means are represented by black squares. Value labels represent sample
sizes.

Similarly, the analysis of blow interval for mean values revealed a marginally significant effect
of seismic condition (F(2,77) = 2.814, p = 0.0662). The mean blow interval for the three
conditions were: non-seismic-- 31.93 + s.d. 12.23 (n = 20); seismic-- 26.98 + s.d. 9.56 (n = 53);
post-seismic-- 22.66 + s.d. 3.69 (n = 7) (Fig. 23a). Fisher’s post hoc comparisons indicated a
significant difference (p < 0.05) in mean blow interval between non-seismic and post-seismic
conditions. The remaining surfacing-respiration-dive variables of blows per surfacing (F(2,96) =
0.076, p = 0.9271), surface time (F(2,96) = 0.408, p = 0.6664), dive time (F(2,101) = 1.669, p =
0.1936), and surface-dive blow rate (F(2,91) = 0.398, p = 0.6728) showed no significant
differences by non-seismic, seismic, and post-seismic conditions (Fig. 23b-e).
These analyses of raw and mean data show similar results, and reveal that whales had
longer intervals between exhalations during non-seismic periods. It is especially interesting that
blow interval, which has been shown to be a relatively unchanging parameter for eastern stock
gray whales (Würsig et al. 1986) and bowhead whales (Richardson et al. 1986, 1990), showed a
seismically-related change in the present case. When links between blow intervals and
occurrence of seismic activity have been noted in previous studies, the effect has been in the
opposite direction to the results reported here; that is, longer not shorter blow intervals during
seismic exposure (for review see Richardson et al. 1995). We caution that although the data
indicate a significance, we presently do not know what potentially confounding factors may
enter into this interpretation, and await further analyses and gathering of additional data for a
more robust assessment.

Photo-Identification
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Twenty-two photo-identification surveys totaling 85 h of effort were conducted 9 July
through 8 September. Approximately 33 h hours were spent in direct observation of whale
groups, during which time 72 rolls of film (2600 images) and three hours of digital video tape
were used. Whales were always present in the study area, and sighted on each of the 22 surveys.
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Figure 23. Mean blow interval (A), number of blows per surfacing (B), surface time (C), dive time
(D), and surface-dive blow rate (E) statistics collected during focal observations of one-whale pods
and as a function of seismic condition. The lowest, second lowest, middle, second highest, and highest
box points represent the 10th percentile, 25th percentile, median, 75th percentile, and 90th percentile,
respectively. Means are represented by black squares. Value labels represent sample sizes.

A total of 114 pods were encountered, with a mean pod size of 1.8 + s.d. 1.33. Pod sizes
ranged from 1-9 whales, with a majority of pods (97.4%) composed of four whales or less (Fig.
24).
A total of 43 naturally marked individual whales (Fig. 25) were identified by the end of
the sampling season. The rate at which individual whales were first identified during the study is
presented in Fig. 26. This figure displays the cumulative number of whales identified over time.
The rapid increase in the slope of the curve represents the initial identification of previously
unrecognized whales. This curve indicates that sightings of new animals had not yet leveled off
by the end of the photographic effort, and it is likely that not all whales had been identified.
Approximately one month into the study; however, the rate at which new whales were identified
slowed and fewer “new” whales were being observed.
The presence or absence of identified whales during each of the three 1997 study
months, and for the previous 1994 and 1995 photographic efforts, is presented in Fig. 27.
Fourteen whales (32.6%) were sighted in only one month, while 16 (37.2%) were sighted
in two months, and 13 whales (30.2%) were sighted in all three months (Fig. 28). Of the
28 whales first identified in July of 1997, 71.4% (n=20) were also sighted in August, and
46.4% (n=13) were again sighted in September. A similar trend was apparent for the 11
whales first sighted in August of 1997, with six of these individuals (54.6%) also sighted
in September. All but three of the 16 whales sighted in two months were observed in
consecutive months, as opposed to having an absence in their sighting pattern (i.e. July
sighting and September sighting with no August sighting). Finally, of the 22 whales
identified in August of 1995, 12 (54.6%) were also sighted in August of 1997. These
findings suggest that some whales move into and out of the Piltun area during the
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Figure 24. Pod sizes for whales identified during photo-identification surveys in 1997.
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Figure 25. Whale 001, first sighted 9 July, 1997, off Piltun, Sakhalin Island. Spot and
other mark patterns on gray whales are caused by pigmentation differences, holdfasts of
barnacles, whale lice (Cyamidae), and other unknown factors. All whales are
individually distinguishable by high quality photos.
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Figure 26. Rate of discovery curve for whales identified during 1997. Plotted dates
represent survey days.
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Figure 27. Occurrence patterns for whales identified in 1994, 1995, and 1997.

82

Figure 28. Seasonal sighting patterns for whales identified in 1997.
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summer months, while other whales show apparent fidelity to the region (at least over
several weeks to months).
Of the 43 whales identified during the 1997 field season, 58.1% (n = 25) were
newly-identified animals (Table 3). Sighting frequencies for recognized individuals
ranged between 1-8, based on a one-sighting-per-day criterion (Fig. 29, see Table 4 for
further detail). Overall, 41.9% (n = 18) of the whales identified in 1997 had been
previously identified in Piltun during 1994 and/or 1995 photographic efforts (see Table 3
and Fig. 27).
Table 3. Sighting data for gray whales identified in the Piltun study area, 1994-1997.
Year

Number of
whales
identified

1994
1995
1997

8
22
43

Number of new Percentage of whales Number of whales seen
whales identified
reidentified from
only in that year
that year
previous years
8
17
25

0.0%
22.7%
41.9%

1
6
25

Five of the eight whales first identified in 1994 were also sighted in 1995 and 1997,
while two whales first sighted in 1994 were not seen in 1995 but were again sighted
again in 1997. Seven whales identified in 1994 or 1995 were not resighted in 1997.
Therefore, the minimum number of known animals at this time is 43, but may be as high
as 50 if the seven whales identified in previous years but not subsequently resighted are
assumed to be living (Table 3). These sighting patterns indicate that many whales return
to the Piltun area on a seasonal and annual basis (Fig. 30). This pattern of annual return
to the same geographic area follows what has been observed for eastern gray whales
(Würsig et al.
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Figure 29. Sighting frequencies for whales identified in 1997.
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Table 4. Sighting histories of gray whales identified in 1997.
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Table 4 (cont.). Sighting histories of gray whales identified in 1997.
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Table 4 (cont.). Sighting histories of gray whales identified in 1997.
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Table 4 (cont.). Sighting histories of gray whales identified in 1997.
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Table 4 (cont.). Sighting histories of gray whales identified in 1997.
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Table 4 (cont.). Sighting histories of gray whales identified in 1997.

Figure 30. Annual sighting records for photographically identified whales.
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1986, Jones 1990), and emphasizes the potential importance of the Piltun region as a
major feeding ground for at least part of the western gray whale population.
Two mother-calf pairs were identified during the study, and ranked among the most
frequently sighted whales. These mothers and calves were closely bonded throughout the study,
and often the two pairs interacted with each other. Only late into the final month of the study did
we suspect that one of the calves had separated from its mother. Observations indicated that this
newly-independent calf had joined the other mother-calf pair (at least temporarily). The regular
sightings of these two mother-calf pairs corresponded with a noticeable increase in “friendliness”
(sensu Jones and Swartz 1984) toward our research vessel. In particular, one mother and calf
often approached the vessel to within several meters. In addition to photo-recognition of these
pairs, on good sighting days we could identify both mother-calf pairs from the shore station by
use of a 25-40x-power spotting scope. The combined boat-based and shore-based sighting
records suggested that these mother-calf pairs remained in the Piltun study area over the duration
of the study. One of these identified mothers had been previously identified with a calf in Piltun
during 1995, possibly indicating an annual return to this region by reproductive females.

CONCLUSIONS

Results presented here represent a significant step in advancing our basic
understanding of the biology and behavior of western gray whales along northeastern
Sakhalin Island. Nevertheless, this research is only of a baseline nature, with more
detailed information becoming available only after several additional years of dedicated
effort. While whales did not appear to be displaced by industrial seismic activity; we
documented changes in distribution, movements, and respiration parameters correlated
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with the presence of seismic-related noise. Major results from each research method
employed during the 1997 field effort are summarized here:
•

Aerial and vessel surveys suggested that while gray whales were detected to the north
and south of Piltun Lagoon, the only major concentrations observed were located
near the study site. These findings are in support of previous TINRO aerial and shipbased survey results which also reported that major concentrations of gray whales in
the coastal waters of Sakhalin were observed predominately near Piltun Lagoon.

•

Acoustic monitoring of geophysical survey activity revealed received sound levels
from seismic pulses of approximately 153 dB re 1 µPa, zero-to-peak; 159 dB re 1
µPa, peak-to-peak; and 139 dB re 1 µPa, averaged over one second while the seismic

survey vessel was 30-35 km from shore. These findings indicated that even at
relatively large distances, seismic noise was detectable within the nearshore area that
gray whales were typically located.
•

Theodolite tracking determined that most pods were sighted within 6 km of shore.
Intra-seasonal changes in pod distribution indicated that whales moved into deeper
water as the summer season progressed. This distributional change suggested that
pods may have remained closer to shore during seismic periods (July to mid-August)
and shifted to more offshore waters (late-August to early-September) once seismic
surveying was terminated.

•

Shore-based scans counted 397 pods, with an average of 4.8 pods and 8.4 whales per
scan. Scans collected during non-seismic, seismic, and post-seismic periods showed
a trend of fewer pods being detected immediately after seismic periods than during
non-seismic periods. This pattern suggested that pods began to shift their
distribution out of the study site during periods of seismic noise, resulting in the
lower whale numbers counted during the subsequent post-seismic condition.

•

Photo-identification surveys identified 46 whales, and revealed high levels of seasonal site
fidelity, and annual return of previously identified individuals. These occurrence patterns, in
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combination with the regular observation of several mother-calf pairs, emphasizes the
importance of the Piltun area as a major feeding ground for at least part of the population.

Data regarding movement patterns and surfacing-respiration-dive patterns were examined
at two levels; with respect to pod-to-vessel distance; and as a function of non-seismic, seismic,
and post-seismic conditions. The presence or absence of seismic activity rather than pod-tovessel distance appeared to be of greater importance in eliciting behavioral changes. The
following alterations in movement and respiration patterns were detected:
•

Theodolite tracks during focal observations detected changes in whale swim speeds
and orientations relative to seismic sound. Alterations in leg speed, leg delta, and
linearity indicated a trend of faster and straighter swimming over larger areas during
seismic periods. We hypothesize that these behavioral changes may be indicative of
disturbance to feeding behavior which is generally characterized by limited linear
movement and a high degree of angular change between surfacings.

•

Focal pod observations revealed that whales had the longest intervals between
exhalations during non-seismic periods. The more rapid breathing rate detected
during seismic and post-seismic periods is difficult to interpret but clearly indicates a
fundamental physiological change which may or may not prove deleterious to
individual whales.
Although several features of the data presented here indicated a relationship

between whale behavior and seismic sound, none of the reactions observed appeared to
have been overtly dramatic (i.e. immediately detectable by visual observers). Instead,
behavioral changes consisted mostly of what appeared to be short-term responses. The
cumulative effects of short-term responses over extended periods of time (e.g. year after
year) are presently unresolved, and can only be assessed by additional long-term study.
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Similarly, long-term responses to disturbance such as gradual abandonment of an area
(see Bryant et al. 1984), or overall diminished annual return and site fidelity patterns also
cannot be discerned without longitudinal data.
Industrial activities on the continental shelf off northeastern Sakhalin Island have
steadily increased in the past several years, and are scheduled to continue into the next
millennium. The nearly constant drilling and production activities, in addition to the
associated increase in aircraft and shipping traffic now occurring off Piltun Lagoon have
introduced new and presently under-studied sources of potential disturbance to western
gray whales on their feeding grounds. Therefore, we strongly recommend that the
current research effort be continued, while at the same time expanding to incorporate
studies on: reactions of whales to increased aircraft and vessel traffic; nearshore benthic
habitat and prey communities; distribution and occurrence patterns of whales at broader
spatial scales along the eastern Sakhalin coast; and migratory routes and timing to and
from the Piltun area.
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APPENDIX I
Data collection protocols and definitions of variables regarding: behavior, respiration,
environment, visibility, vessels, and disturbance.
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