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The meeting was held at the Renaissance Hotel, Vancouver, Canada from 31 January to 2 February 2009 
under the Chairmanship of Greg Donovan. A number of the participants assisted in drafting the report 
including Humphrey, Gailey, Muir, Donovan, Nowacek, Cooke, Racca and Wade; Donovan co-ordinated the 
final report. 

1. INTRODUCTORY ITEMS 

Donovan introduced the background to the Workshop. At WGWAP-4, the Panel had noted that one of the 
major difficulties faced by the Seismic Task Force in assessing the risk to western gray whales from seismic 
surveys (and indeed any anthropogenic noise) was the shortage of applicable data on effects of sound on 
baleen whales. Given that regular (3-5 year intervals) seismic surveys are expected for the lifetime of the 
field, the Panel agreed with the Task Force that it is essential that every effort be made to ensure that the 
WGWAP (or any other body) does not find itself in the same position the next time a seismic survey is 
proposed. It is thus of great importance that a sufficient monitoring effort is in place to maximise the 
collection of relevant data to allow a better analysis of the problem and thus develop more effective 
mitigation measures for the future.  

The Panel noted that the Task Force had stated (WGWAP-4/INF.15) that it neither had the time nor the 
necessary analytical expertise available to develop a detailed monitoring plan (the plan included in its report 
and repeated in WGWAP-4, Annex 7 represents an outline). It concurred with the Task Force that a suitable 
group of experts should be asked to work with SEIC scientists to develop a fully specified field plan and 
proposed analysis, well before the final plans for monitoring in 2009 are completed; hence the present 
Workshop. 

In addition to this work, WGWAP-5 had also requested the present Workshop to examine the analyses of 
non-systematic sightings in the context of the ‘perimeter monitoring line’ and to examine the distance data 
from the shore-based surveys. 

1.1. Introductions of participants 

Donovan welcomed the participants and in particular the additional experts (Duncan, Joy, Paxton and Wade) 
who were attending a Task Force meeting for the first time. The full list of participants is given as Annex A. 

1.2. Summary recap of survey plans and existing STF recommendations  

Annex D (taken from Annex 7 of the 4th report of the WGWAP) provides the outline mitigation and 
monitoring plan agreed by WGWAP and developed at the second seismic task force meeting. 

1.3. Aims of workshop and expected product 

The adopted Agenda is given as Annex B. The general objective for this Workshop is to finalise a fully 
specified field plan and proposed analysis, well before the final plans for monitoring in 2009 are completed, 
in order to ensure that sufficient monitoring effort is in place to: ensure that the proposed mitigation 
measures are effectively implemented; and to maximise the collection of relevant data to allow a better 
analysis of the problems surrounding gray whales and seismic surveys and thus develop more effective 
mitigation measures for the future. The broad outline of the monitoring effort, especially with respect to 
resources (personnel numbers, equipment etc) as previously agreed is included as Annex D. The primary 
focus of the expert group was to finalise the details of the monitoring efforts to be undertaken in association 
with the 2009 SEIC seismic survey not to change the approach given in Annex D. Monitoring efforts by all 
groups, not just SEIC, will be considered, as will the issue of data sharing with appropriate safeguards.  In 
addition, the group will examine issues surrounding the determination of the perimeter monitoring line and 
distance measurements from shore-based surveys assigned to it at WGWAP-5 (see above). The Chair noted 
that this latter issue is complex and the time available for discussion may be less than ideal.  
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2. DOCUMENTS AND PROGRESS REPORTS 

2.1. Review of available documents  

The list of new documents is given as Annex C. In addition, all of the past Task Force and WGWAP 
documents were available. An important component of the documentation was draft protocols provided by 
SEIC and IFAW. 

2.2. Results of tasks requested by WGWAP 5. 

Muir reported that she had made further progress with the work on examining opportunistic sightings as 
identified at WGWAP-5. This is important in the context of examining the position of the perimeter 
monitoring line used to determine A and B-lines as part of the mitigation measure process –see Annex D for 
details. It was agreed that this would be considered further under a small group during the workshop 
(comprising Cooke, Donovan, Paxton, Joy, Muir, Gailey and Broker). 

2.3. Other new information. 

The need to standardise data collection for the behaviour and distribution teams was identified. 

3.  OPERATIONAL PLANS AND EXPECTATIONS 

3.1. Short term: Update on Ashtok 2009 survey and other nearby pending surveys  

Bell reported that the decision as to whether or not to carry out the 4-D seismic survey in 2009 has not yet 
been made as the economically preferred option is to have the survey adjacent to another one by the same 
seismic company in order that mobilisation and demobilisation costs can be minimised.  At present, many 
seismic surveys are being cancelled due to the world economic crisis and low oil price and as a result it is 
uncertain as to whether the opportunity to share the above costs will occur in 2009 or 2010.  As a result 
Sakhalin Energy’s survey may be postponed from 2009 to 2010.  However, at present Sakhalin Energy is 
continuing to prepare as if it will proceed ahead.  These preparations include the upgrading of the acoustic 
buoys and the development of the monitoring protocols.  It is anticipated that a decision will be made in the 
next four weeks. 

The anticipated touching survey would also be in the Sakhalin shelf area after the Sakhalin Energy survey. 

In receiving this information the Task Force noted the previous WGWAP recommendation urging SEIC to 
use a vessel with as many streamers as possible; it was disappointed to learn that the number of streamers 
on the proposed vessel was only the minimum six but recognised that further discussion of this was beyond 
its terms of reference. 

The Task Force also noted that the survey appeared to depend on a ‘tag-on survey’. Although Bell indicated 
that he was not able to provide details of the timing, area or identity of the tag-on survey, he believed that 
that survey would not impact on the gray whale feeding grounds. The Task Force re-emphasised that the 
primary mitigation measure identified was that the survey should occur as early in the season as possible i.e. 
at the time of lowest whale density. Bell agreed to investigate whether such a consideration is written in to 
the contract. The Task Force also noted that WGWAP had previously noted the undesirability of having two 
seismic surveys close together. It was agreed that this may need to be discussed further at WGWAP 6 if 
further details become available. As noted at WGWAP-5, IUCN will investigate if it is possible to obtain 
information on activities in the area by other companies. 

3.2. Long-term: update on expected frequency and nature of seismic surveys  

Bell reported that there is no change on the previously stated expectation that surveys would take place every 
three to four years. The first repeat survey in Piltun area will be conducted together with the second repeat 
survey in Astokh, so not before the summer season 2012. SEIC will monitor developments in the seismic 
acquisition technology and apply appropriate technologies for the following surveys. 
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In discussion, Bell noted that the survey cycle for other oil fields within the area (e.g. ENL) was likely to be 
similar. The Task Force re-emphasised the importance of continuing to try to reduce both the frequency and 
level of future surveys, even if it was not possible to introduce changes to the forthcoming survey. The 
importance of standardising field survey data for seismic and non-seismic years was raised in the context of 
future revisions of the joint programme protocol, particularly with respect to ensuring that data are available 
as early in the season as possible to inform future planning efforts. 

4. OBJECTIVES OF MONITORING 

4.1 Potential biological impacts of demographic significance to provide a perspective for discussions on 
monitoring design and potential indicators. 

The Task Force briefly considered the possible biological impacts that might occur at the population level as 
a result of such a survey. These primarily relate to factors that may influence reproduction or survivorship 
and thus any effects themselves will be detected in the longer term as a result of monitoring of abundance 
and trends via the photo-identification and biopsy sampling efforts; monitoring of individuals via photo-
identification may also provide insights.  Identifying potential factors and possible indicators is valuable in 
terms of ensuring that the appropriate data to try to detect such changes are collected as part of the 
monitoring effort. Under this item the intent was not to finalise discussions on appropriate choices and 
priorities but rather to identify possibilities. 

Effects can be broadly distinguished into two categories: direct and indirect. Direct effects are probably 
limited to injury/death via ship strikes and physical damage to hearing if animals are in very close range. 
Indirect effects on a feeding ground can involve factors such as: 

• time spent feeding (potential indicator - behaviour); 
• change in feeding area (potential indicators - distribution, behaviour, prey 

quality/quantity/species); 
• stress to the animals (potential indicators - behaviour, faecal samples, biopsy samples); 
• effect on benthos (potential indicators -  prey quality/quantity/species). 

4.2 Real-time monitoring (in conjunction with mitigation measures) 

The Task Force reviewed the previous discussions on real-time monitoring (in conjunction with mitigation 
measures) from its previous work and that of the WGWAP. This is summarised in Annex 7 in WGWAP-4. It 
was agreed that the purpose of the present Workshop was to focus on the practical details of the agreed 
monitoring with respect to behaviour, distribution, presence/absence of animals and acoustics, not to re-
discuss the previous agreements. The real-time issues are discussed under the items below and in the final 
agreed protocols. 

4.3 Monitoring to obtain better information for future seismic surveys 

The Task Force briefly discussed this issue, recognising that despite its importance, the short time available 
at the Workshop meant that it should be considered further at a later date. 

The key issues identified for further elaboration were: 

(1) better validation of acoustic models (high priority given the extensive discussions with respect to 
the present survey); 

(2) better characterisation of density and distribution and changes in those within and amongst 
seasons;  

(3) identification of individuals, especially reproductive females within and outside the areas likely 
to be affected by the survey (or not seen during the survey) for follow up studies on reproductive 
success; 

(4) better characterisation of ‘subtle’ behavioural changes; 
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(5) examination of whether seismic activity affects detectability of whales (e.g. increased 
surfacings). 

5. BEHAVIOURAL MONITORING 

5.1 Description of present methods and strengths/weaknesses identified 

Gailey summarised the work undertaken to date, the analyses performed and the strengths and weaknesses 
identified. Behavioural observations have been conducted off the northeastern portion of Sakhalin Island 
since 2001. Data collection procedures have been relatively consistent since the onset of the study. The 
behavioural study uses four separate methods: (1) scan sampling; (2) focal animal follows; (3) theodolite 
tracking; and (4) shore-based photo-identification. The scan sampling approach aims to monitor the relative 
abundance and distribution of western gray whales in the near-shore waters. Scans are conducted hourly at 
each of the two behavioural observation sites when focal animal follows in conjunction with theodolite 
tracking are not being conducted. Focal animal follows consist of identifying individual animals (alone or in 
a group) and monitoring primarily their respiration and surface to dive cycles. Theodolite tracking techniques 
focus on monitoring the spatial and temporal movement patterns to obtain information on the animal’s speed, 
orientation, distances, etc.  Shore-based photo-identification techniques obtain information inter alia on the 
movements and respiration patterns of individuals 

For the 2009 Astokh seismic survey, the proposed techniques are identical to those employed in the past (see 
document 4 - Behavioral monitoring protocol). The primary changes to the behavioural monitoring 
programme are: (1) the location of the shore-based observation sites to the southern spit region that is 
directly inshore of the seismic survey; and (2) the conduct of focal follow and animal sighting surveys 
offshore from a vessel near the seismic monitoring line.  

One of the greatest advantages of the shore-based behavioural monitoring is that it is a cost-effective 
approach to monitor the nearshore western gray whales and minimises any potential disturbance that the 
observation platform may have on the behaviour of the animals. The techniques also have the advantage of 
providing accurate quantitative variables as opposed to more qualitative behavioural data collection 
approaches. 

One of the disadvantages of the shore-based approach is that the topography of the region usually offers 
relatively low (typically < 10-12 m) observation heights that limits data collection to within approximately 5 
km from the platform for some of the more accurate positional and observational data. Low elevations affect 
estimation of distance particularly for animals more than 5km for shore (i.e. closer to the horizon). Data are 
usually restricted to within 5 km and the explanatory variable of “distance-from-station” is included in 
multivariate analyses as a potential explanatory variable.  At further distances, more variability in distance 
estimates could be observed in the data and this increases the probability that behavioural events, such as a 
blow, could potentially be missed or allocated to incorrect distances. As in most field studies, poor weather 
was noted to be a particular disadvantage. On occasions, nearshore fog can limit shore-based observations, 
but could allow for offshore observations to be conducted.  In addition, “good weather” conditions for the 
study typically occur for only about 50% of the time. 

As with many behavioural studies, there are a variety of analytical challenges. Gailey presented the 
analytical framework that was developed for the MVA analyses considering the comments of the past 
WGWAP and independent reviews. The two primary issues of analysing continuous data series of potentially 
unknown duplicates (lack of independence) of individuals being sampled were (1) pseudo-replication and (2) 
autocorrelation. Gailey noted that they attempted to employ weight factors and block permutation 
approaches in an attempt to mitigate some of these affects, but also acknowledged that pseudo-replication 
issues between samples remain unknown. There was some suggestion that reviewing shore-based 
identification in association with track and focal sessions may provide some understanding of the magnitude 
that pseudo-replication could be occurring.  Joy suggested that weighting may result in down-weighting 
multiple observations from a single animal but does not avoid pseudo-replication.  Modelling directly the 
autoregressive process may be more appropriate. Joy also noted that repeat observations of individuals could 
be handled differently. Another analytical consideration was suggested to analyse transitional behaviour to 
assess if animals were changing from feeding to travelling as sound levels increased. 
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5.2 Review of potentially significant survey-induced behavioural changes and their detectability 

The Task Force based its discussions on the draft behavioural monitoring protocol and in particular the Table 
on page 6. Unless indicated below, the parameters for measurement in the draft protocol were adopted.  

5.2.1 Response variables 
MOVEMENT PARAMETERS  
Discussion here focussed primarily on issues of observer elevation (see above). It was noted that most of the 
parameters to be measured were dependent on measures of position (and time) via theodolite readings and 
that the associated errors in position were directly related to observer height. This is particularly important 
given that the sound source is offshore and thus observations of animals further offshore (i.e. closer to the 
sound source) are important. In the present protocol, data from animals >5km offshore are excluded because 
of the errors in position. It was noted that the observations from the vessel primarily relate to focal follows. 

In conclusion, the Task Force requested SEIC to investigate the possibility of providing suitably stable and 
secure structures to provide increased elevation, noting that the planned observation sites for the observation 
teams are at low altitude.  

RESPIRATION PARAMETERS 
It was noted that there had been a significant change in respiration patterns in the analysis of the 2001 data 
(Gailey et al., 2007). Gailey explained that the focus is on solitary animals or recognisable whales (mother 
and calf pairs, whales with obvious distinguishing features). The possibility of treating groups, according to 
size as units (i.e. without the need to identify individuals) was discussed but it was agreed that confounding 
factors (e.g. asynchronous behaviour, presence of adults and calves, difficulties of knowing if additional 
animals had joined) meant that this was not practical. Gailey also outlined the circumstances in which effort 
would have to be curtailed (e.g. due to poor conditions or another animal entering the area). 

The value of obtaining a photographic identification of animals being tracked (for follow up studies on 
individuals) was recognised and encouraged where at all possible, recognising the difficulties of obtaining 
such photographs from shore stations. During discussion, the issue of standardising a definition of group 
between the behavioural and distributional teams was noted (see Item 5.3).  

5.2.2 Explanatory variables 
BEHAVIOURAL 
Initial discussion here focussed on behavioural data (e.g. feeding, travelling, ‘mixed’) and in particular the 
choice of 10.5 minute ‘bins’. It was clarified that the data themselves are collected continuously and that it 
would be possible to (a) investigate different lengths for the bins and (b) to decide to handle the ‘mixed’ 
category (i.e. where more than one behavioural category occurs within the 10.5 minute bin) in a different 
manner to that used thus far. It was agreed that since the data are collected in a suitable manner, the question 
of appropriate ‘bins’ and the handling of the ‘mixed’ category could be explored (along with other issues 
such as order in which particular variables are introduced in analyses) at the analytical stage. 

ENVIRONMENTAL 
The question of between-observer and/or team errors in the recording of environmental variables was 
considered (a common factor in many surveys that require estimation of broad categories such as sea state or 
difficult to measure factors such as swell height). It was agreed that standardisation of these should be 
included as part of the training process and, if possible, calibration exercises undertaken, ideally at the 
beginning, middle and end of the season. The importance of wind speed was noted since this can have an 
effect background noise levels and even exceed anthropogenic noise and lead to distorted readings from 
bottom recorders. It was suggested that atmospheric pressure should also be added to the environmental 
variables (in fact it is collected in the field). 

The importance of obtaining information on seafloor characteristics was noted and a number of possibilities 
raised (including ‘Roxanne’ echo sounder data) but no conclusion on the most appropriate manner to do this.  

IMPACT 
Variables considered under this item comprised: (a) those related to scan information with different temporal 
periods (2h, 8h, 1d, 3d) of cumulative sounds; (b) instantaneous sound levels per observation bin; (c) vessels 
(number, closest, type). With respect to the last of these it was suggested that size and engine type may also 
be important. There was considerable discussion on the question of obtaining reliable information on vessel 
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positions at a suitable fine temporal scale (e.g. every 2s). A number of issues were discussed including the 
use of simple GPS recorders, the use of AIS (Automated Information System), the parameters of the SEIC 
centralised tracking system and legal requirements and limitations. 

The Task Force recommended that for all vessels under SEIC control and for independent research vessels, 
frequent (e.g. every 2s) GPS positions should be recorded. The use of the AIS or another suitable system 
should be investigated for other boats. 

5.3. Initial design of data collection: number of stations, operating period, spatial and temporal 
allocation; data items to be recorded. 

5.3.1 Shore-based stations 
The draft protocol involves six stations and two teams and suggests using two stations closest to the seismic 
area. There was considerable discussion on the most appropriate location for the observation teams. A 
number of factors are relevant here including the predicted sound levels as the survey progresses, the altitude 
of the stations (and thus coverage), the need to avoid ‘gaps’, the interaction with the distributional teams, 
practical limitations, comparison with other years, the need for a ‘control’ platform etc.  

The final proposal for the location of the behavioural and distributional stations is given as Fig. 1.  

5.3.2 Observation vessel activities and operations 
It was noted that there are five classes of vessels involved in the seismic survey: the seismic vessel, the guard 
vessel, the scout vessel, supply vessels and the observation vessel (or vessels). MMOs will be on all boats. 
The scout vessel precedes the seismic vessel. The observation vessel will conduct CTD measurements (see 
Item 7). 

The Task Force was informed that the observation vessel has not yet been selected but Bell confirmed that 
the vessel will meet the agreed specifications such as being quiet and with an observation platform >5m. It 
was agreed that the vessel should be kept away from the recording buoy (see Item 7). The possibility of the 
need for two observational vessels was raised and needs to be evaluated further by the small group identified 
below. 

Late in the meeting, the Task Force had an initial discussion of different scenarios (e.g. weather, A-lines or 
B-lines etc.) with respect to the actual deployment of the observation vessel during the survey. There was 
insufficient time to complete this work and the Task Force agreed that a small group comprising Nowacek, 
Gailey, Racca, Vedenev and Donovan) should develop a protocol document before the survey takes place. 
This should be discussed further at WGWAP-6. 

5.3.3 Data protocols, including where necessary, consolidation of the protocols for the behavioural and 
distributional teams 
In light of the discussion and recommendations from WGWAP-4 Report (WGWAP-4 Recommendation 008 
and WGWAP-5/18), a small group convened to discuss differences in shore-based scan data protocols for the 
distribution (DT) and behavioural (BT) research teams. Based on those discussions, the Task Force agreed 
to the following recommendations to reconcile differences in data protocols.  

CONSOLIDATION OF FIELDS 
The Task Force recommends that the four BT data fields that were not included in the DT protocol be added 
to it:   

• temperature;  
• pressure;  
• swell height; and  
• name of observer who first sighted the whale.  

The ‘heading of the whale’ has been shown to be a useful field in surveys elsewhere and, for example, could 
be valuable in examining behaviour in relation to anthropogenic activities such as seismic surveys. Given 
this, the Task Force recommends that ‘heading of the whale (magnetic bearing) be added to both the BT and 
DT protocols. 
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Fig. 1. 

The final proposal for the location of the behavioural and distributional stations 

 
Two important pieces of information have been handled differently in the BT and DT protocols:  ‘horizon 
visible or not’; ‘precipitation occurring’. In the DT protocols there are separate fields for both whereas in the 
BT protocols they are explicit or implicit in the visibility codes.  As discussed in more detail below, a 
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common set of visibility codes for both protocols has been developed that explicitly incorporates information 
on the horizon and precipitation. The Task Force therefore agreed that while there was no need for separate 
fields for horizon and precipitation given the new visibility definitions, it was for the DT to decide whether 
they wished to delete or retain these fields.  

STANDARDISATION 
There were three areas where definitions of the data protocols differed: glare conditions; pod size definition; 
and the visibility code definitions.   

GLARE 
After comparing the two approaches used (e.g. single field representing the number of degrees out of 180 
that were obscured by glare versus capturing the magnetic bearings to the beginning and end of the glare, 
glare present or not versus % glare) the Task Force recommends the following three fields related to glare to 
maximise the available information:  

• Start glare: magnetic bearing to the left edge of the region where glare seriously affects ability to 
sight whale 

• End glare: magnetic bearing to the right edge of the region where glare seriously affects ability to 
sight whale 

• Glare %: the total percent of the study area that was obscured by glare (not the percent covered 
within the bearing range identified as having glare). 

POD SIZE 
Deciding what comprises a pod is a problem common to all cetacean surveys. Examination of differences in 
mean pod size between the BT and DT datasets appears to reflect a difference in the definition of a pod 
rather than in the number of whales sighted. The general recommendation (from a ‘Distance’ sampling 
perspective) is that individual whales should be pooled into a single sighting if the detections of the 
individuals were not independent (i.e., the detection of one whale draws the attention of the observer and 
leads to the detection of an adjacent additional whale). This represents a correct statistical definition of pod 
that properly reflects the lack of independence of such sightings such that splitting the sightings would 
artificially inflate the sample size. This (potentially) differs from a definition of pod based on behavioural 
traits, such as individuals that associate or surface in unison.  

After discussion of the use to which the data from these shore-scanning protocols are used, however, it was 
agreed that only whales in close proximity in bearing and range should be considered to comprise a pod. 
This is because even if the detection of one whale was facilitated by the detection of another whale at a 
similar bearing, unless the whales were not at similar distances calling them a pod would lead to an improper 
assignment of the number of whales to 1km by 1km squares for distribution analyses. It was noted that this 
would represent a change in the definition of pod for the Distribution data protocols, which might affect an 
examination of trends in pod size or number of pods per scan in that database. Therefore, this change in 
definition should be clearly documented. It was also agreed that this revision of the definition could 
potentially be retrospectively applied to the Distribution database by identifying and pooling sightings in 
close proximity to one another.  

VISIBILITY 
At present, both teams use different, but commonly used, definitions for ‘visibility’. The DT protocol defines 
visibility in terms of the estimated distance (in km) within which there are good sighting conditions whereas 
the BT protocol defines it in terms of categories ranging from 1 (excellent sighting conditions) to 5 (low 
visibility). Whilst both approaches address the same issue and are valid, it was agreed that it would be 
valuable for covariate analyses if both teams adopted the same approach. In discussion, it was suggested that 
the distance approach was potentially more difficult to quantify, and might be subject to greater variability 
between observers than a categorical system. However, it was agreed that with further clarification of the 
visibility codes, observers from both teams should be able to reasonably consistently apply them.  In 
addition, as noted above, it was agreed to explicitly add information about precipitation and the horizon. The 
Task Force recommends the following revised Visibility codes for both the DT and BT protocols: 

1 = excellent conditions with a clear horizon line; 
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2 = good conditions with little to no haze and/or rain with a relatively clear horizon;  

3 = fair with some haze and/or rain but the horizon still visible enough for reticle estimation; 

4 = poor, no visible horizon due to fog and/or rain, (behavioural tracking would be possible but 
distance estimation and therefore distribution data would be impossible); and  

5 = very low visibility, such as fog and/or rain obscuring visibility, with effort impossible for either 
behavioural or distribution studies.   

In practical terms, distribution and behavioural studies can occur under codes 1-3, behavioural tracking can 
extend into code 4, and neither team can operate under code 5. 

SCANNING PROTOCOLS 
On a further issue, it was noted that the scanning protocols were slightly different between the two teams, 
primarily as one team consistently scans from north to south, whereas the other team scans in the direction 
they are moving from station to station, which is sometimes south to north and sometimes north to south. 
This and other minor differences in scan protocols were discussed and were not thought to create any 
discrepancies in the data. Whilst it might be preferable to have identical scanning protocols for both teams, it 
was recognised that the existing differences were unlikely to lead to differences in the data collected.  

ESTIMATION OF G(0) 
Previous side-by-side comparisons of data collected by the two teams at approximately the same time have 
shown considerable variability in sighting numbers between the two teams (even allowing for issues related 
to the definition of a pod). These differences may be related to what is termed g(0) in distance sampling (i.e. 
the probability of detection at zero distance) and involve consideration of ‘availability’ (i.e. whether the 
animal is at the surface available to be seen) and ‘perception’ (i.e. whether observers miss animals at the 
surface). To consider this fully requires a properly controlled experiment that inter alia relies crucially on 
correct identification of duplicate sightings; designing and implementing such an experiment is not a trivial 
exercise and there was insufficient time to do this at the present workshop. The Task Force recommends 
that specific protocols be designed in consultation with appropriate experts (e.g. those at St. Andrews 
University who are already familiar with the western gray whale work), taking into account similar 
experiments undertaken elsewhere (e.g. on eastern gray whale - see Rugh et al. 2008). 

In conclusion, the Task Force recommends that SEIC update the draft protocols for behavioural and 
distributional monitoring in the light of these recommendations. 

5.3.4 Behavioural/distributional team logistics 
The behavioural teams will focus on focal follows whilst the distribution team will undertake scans, as 
detailed in the protocols. In addition to the location of the stations (Fig.1), there was considerable discussion 
of the strategy for the two teams. It was recognised that it will probably not be possible to have an additional 
team operating in the north of the region to allow for intensive coverage near to the survey area and retain 
coverage in the north to examine broader distributional shifts. After investigating a number of alternatives it 
was agreed to maintain the existing protocols but, as feasible, alternate the direction of movement of the 
teams (North to South, South to the North) on alternate days. 

5.3.5 Operating period 
Although it was recognised that the number of whales present before the start of the seismic survey will be 
low if the survey begins as soon as the ice retreats, this may change if there is a delay between ice retreat and 
start of the survey. The Task Force agreed that the behavioural team should operate as soon as possible in 
the season. It was recognised that the protocol (Annex D) specifies that mitigation and monitoring measures 
are in place before the start of the survey. The Task Force reiterated that the primary mitigation measure is 
that the survey occurs and is completed as early in the season as possible; the scientific value of prior 
observations should not compromise that aim. 

5.3.6 Data collection from other platforms 
The question of observing from the Molipaq platform was raised as this has a high elevation and would be 
able to observe areas of high ensonification although it is some 24km offshore and few whales would be 
expected there. The potential value of observations from the platform in the short- and long-term was 
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acknowledged whilst recognising the practical and logistical difficulties. Bell agreed to investigate the 
possibility of using the Molipaq as an observation platform both in the shorter and longer term. 

5.4 Data analyses  

5.4.1 Analyses to inform experimental design including power analyses (determination of statistical power to 
detect various types and levels of behavioural change) 
The difficulties of analysing behavioural data in relation to potential anthropogenic effects are well known 
and discussed thoroughly in several WGWAP reports.  

A power analysis was conducted by Joy to investigate the possibility of detecting meaningful changes in 
behaviour of western gray whales in response to seismic activity (for details see Annex E). The power 
analysis was implemented as a simulation experiment in which the simulated data was based on the best 
information available about this gray whale population, and the sampling framework was designed to best 
mimic the collection of behavioural data that is expected to be collected during and after the seismic surveys.  

The results suggest that the small expected number of whales in these waters during the seismic survey 
should be sufficient to detect changes in blow interval under the conditions this simulation experiment was 
designed for. A sample size comparing 20 whales during and 20 whales after the seismic activity should be 
sufficient to detect a 50% difference in blow interval with 95% power. A sample size of 5 whales will need a 
100% difference in blow interval to have equivalent power. The main caveat to these results is they hold true 
only under the assumptions and conditions made for the simulation trial, and should be interpreted with 
caution if there are significant differences to the underlying population parameters, or to the data collection 
protocols. Nevertheless, the power analyses suggest that the proposed effort to collect the behavioural data 
has the potential to advance our understanding of the response of the western gray whale to acoustic noise in 
their feeding grounds.   

6. DISTRIBUTION/DENSITY MONITORING 

6.1 Description of distribution and density data collected to date, analyses performed and 
strengths/weaknesses identified 

6.1.1 Shore-based observers 
Muir summarised this item. Two (behaviour and distribution) shore-based scan surveys have been conducted 
on an annual basis since 2002 (behaviour) and 2004 (distribution) to monitor the seasonal distribution and 
number of western gray whales (WGWs) along the NE Sakhalin coast.  Both survey teams use similar 
protocols to scan for WGWs and record sighting data. Small discrepancies between the protocols have been 
identified and will be rectified in 2009 (see Item 5.3.3). The two surveys provide snapshots of WGW 
distribution at different temporal scales.  Behaviour scans document hourly shifts in WGW distribution 
during a survey day at specific locations within the Piltun feeding area, whereas distribution surveys provide 
daily snapshots of WGW distribution throughout the Piltun feeding area. 

There are a total of six behaviour observation stations located along the coast north of the Piltun Lighthouse.  
Two behaviour teams work on each survey day, with each team assigned to a station for the entire day.  
Adjacent pairs of stations are sampled on each survey day, with survey effort rotated through the stations. 
Scan surveys for WGWs are conducted hourly at a station, unless focal follows are being conducted.  In 
2006 only, an additional behavioural team conducted scan surveys from three observation stations located 
south of the Piltun Lighthouse.  More details of the behaviour shore-based survey design and protocol may 
be found in Gailey et al. (2007).  

The distribution scans are conducted only once daily at each of thirteen observation stations located along 
120 km of coast adjacent to the Piltun feeding area.  Stations are situated in elevated areas of the coast to 
allow greater distances from shore to be surveyed, with the constraint that stations are approximately 8-10 
km apart.  Three of these distribution shore stations are co-located with the behaviour stations.  Two teams 
conduct the distribution surveys, with one team sampling eight stations that are located north of the Piltun 
Lighthouse, and the other team conducting surveys at the remaining five stations that are located south of the 
Lighthouse. Surveys are conducted in alternating directions on each survey day, with the two teams 
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synchronizing survey effort at stations closest to the Lighthouse.  More details of the distribution shore-based 
survey design and protocol may be found in Vladimirov et al. (2008). 

6.1.2 Dedicated vessels and aircraft 
Systematic vessel surveys have been conducted on a monthly basis in the Piltun area since 2002 along a 
transect parallel to the shoreline.  This transect was located 2.5 km from shore during 2002-2005.  In 2006 a 
second transect was added that was 6.5 km from shore and parallel to the first transect.  In 2007 the survey 
was redesigned to comply with regulatory restrictions to remain outside the 20 m isobath in order to reduce 
disturbance to gray whales on their feeding ground.  Consequently, a single transect parallel to the shoreline 
and 4 km from shore was surveyed during 2007 and 2008.  Vessel surveys have also been conducted in the 
Offshore feeding area since 2002 and in the Sakhalin-1 Arkutun-Dagi license block since 2006.  During 
2002-2005, observers recorded a clockface bearing to a marine mammal sighting and estimated distance by 
eye. In 2006 MMOs began using reticle binoculars to estimate distances to sightings and used the vessel 
gyroscopic compass to estimate a bearing to observed marine mammals.  More details of the vessel survey 
design and protocol may be found in Vladimirov et al. (2008). 

Aerial surveys were conducted from 2002-2005, but were then discontinued for safety reasons. Three 
different types of aerial surveys were conducted.  The Piltun feeding area was surveyed using four transects 
that were 2 km apart and oriented parallel to shore.  Aerial surveys were also conducted in the offshore 
feeding area using transects that were 3 km apart and oriented parallel to shore.  During 2002-2003 only, 
there were broad scale picket surveys spaced 10 km apart and oriented perpendicular to the coastline.  
Clinometers were used to determine the angle to a marine mammal sighting made from the aircraft when the 
whale(s) were abeam of the aircraft.  More details of the aerial survey design and protocol may be found in 
Vladimirov et al. (2005). 

6.1.3 Analysis 
The observer eye height at each behaviour and distribution shore station is adjusted by the station’s predicted 
hourly tide height on each survey day.  Each sighting location is then calculated using the adjusted eye 
height, with a correction for refraction (Leaper and Gordon, 2001; Lerczak and Hobbs, 1998). Gray whale 
sighting locations recorded by vessels during 2006 to 2008 were calculated based on the observer eye height 
on the vessel, with a correction for refraction (Lerczak and Hobbs, 1998; Leaper and Gordon, 2001).  The 
clinometer angle to sightings made from the aircraft were converted to degrees and radians, which were then 
used to calculate the geographic location of the sighting.  Details of these calculations can be found in 
Vladimirov et al. (2008) for shore-based distribution and vessel surveys, Gailey et al. (2007) for behaviour 
scan surveys and Vladimirov et al. (2005) for aerial surveys. 

The WGW distribution data from these systematic surveys have been analysed and combined to produce 
estimates of whale densities at a 1 km2 resolution.  Details of this methodology are described in Vladimirov 
et al. (2008) and the second seismic task force report, and have been presented at WGWAP meetings. 

6.1.4 Strengths/weaknesses identified 
The present analytical methods allow estimation of WGW densities at a fine spatial scale (1 sq km 
resolution) in the WGW summer range on the northeast Sakhalin shelf. The three survey platforms provide 
complementary spatial coverage, with corrections for availability and perception biases calculated for each 
survey type (behaviour scans, distribution scans, vessel and each of the three aerial surveys). These 
corrections are used to standardize WGW density estimates within and across the different survey platforms.  
The resulting estimates are then averaged within each 1 km by 1 km grid cell to create a WGW density 
surface which can then be used for the purpose of impact assessment and mitigation planning.   

WGW density estimates in the Piltun area from 2006 onwards are largely dependent on shore-based surveys. 
Aerial surveys have been discontinued and vessel survey effort is limited to approximately once monthly 
because the research vessel is needed to conduct other scientific work. Because the viewing range from a 
shore station is limited by the station height, shore-based survey coverage in the offshore direction varies 
from north to south. Station heights are higher in the northern part of the Piltun feeding area, whilst stations 
adjacent to the mouth of the Piltun Lagoon and south of the Lighthouse generally have lower elevations.  For 
the purpose of density estimation, viewing distance directly offshore ranges from a minimum of 
approximately 4000 m at station 8 to a maximum of 8 km at stations 2 and 3 (Table 1).  
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Table 1 
Distribution scan survey shore stations heights in 2008 and maximum survey effort that is set to 0.1 reticle radial distance 
from each shore station, to a maximum of 8 km distance.  Sighting distances are shown for a range of tide heights. Gray 

whale sightings beyond the indicated maximum survey effort for a shore station are excluded from the WGW density 
analysis. 

 

Station 2008 Station 
Height (m) 

WGW Maximum Survey Effort 
(m) at Tide Height of -1.5 m 

WGW Maximum Survey 
ffort (m) at Tide Height of 

0m 

WGW Maximum Survey 
ffort (m) at Tide Height of 

1.5m 
1 12.4 7779 7275 6750 
2 18.0 8000 8000 8000 
3 33.1 8000 8000 8000 
4 14.2 8000 7872 7372 
5 9.1 6659 6105 5521 
6 9.7 6864 6319 5748 
7 8.9 6576 6018 5429 
8 5.4 5529 4590 3899 
9 6.0 5464 4841 4172 
10 7.0 5859 5261 4624 
11 7.7 6127 5545 4926 
12 9.8 6894 6351 5781 
13 7.0 5859 5261 4624 

 

Shore-based survey effort is limited by weather conditions (i.e. storms and on-shore fog) and during the 
season there are gaps when shore-based surveys cannot be conducted.  These gaps range from a single day to 
substantially longer periods (e.g. 2-3 weeks) on occasion.  There are also several days during a season in 
which the shore-based teams are not able to sample for the entire day due to deterioration in weather 
conditions.  

The density analyses incorporates survey effort, so double counts of whales made from adjacent shore 
stations or transects are corrected for effort. Effort is represented by area of grid cell that has been surveyed.  
This area is bounded by the detection function right truncation distance from a transect for aerial and vessel 
surveys, and by the maximum survey coverage (0.1 reticle distance) for each behaviour and distribution 
shore station. It is assumed that if a cell is not fully sampled, the estimate for partial cover applies to the full 
cell. Cells with no effort are not assigned a density estimate and are not mapped. However, spatial analyses 
that incorporate grid cells with null density estimates effectively assign a default value of zero to each of 
these cells. 

The survey design does not meet some basic assumptions of the Distance Sampling methods that are used in 
the WGW density analysis to estimate detection probability. In particular, because whales congregate at 
certain water depths, this violates the assumption that radial distances to whales are randomly distributed 
with respect to an observation station. A double platform (shore-based and vessel) experiment was conducted 
to resolve this. The data analysis performed by St Andrews indicated that the shore-based detection function 
was uniform out to a distance of 8 km that was tested at distribution scan survey stations 2 to 5. 

While the use of the refraction correction (Leaper and Gordon, 2001) reduces the error in distance estimation 
to a sighting, there is still some negative bias in distance estimates.  The feasibility of estimating an empirical 
correction factor based on research vessel sightings from shore-based surveys was investigated in this 
meeting.  However, no clear patterns could be determined and it was concluded that the present data did not 
support this estimation.  The Task Force recommended that an experiment to estimate a sighting distance 
correction factor be designed and implemented. 

6.1.6 Opportunistic gray whale sightings from vessel platforms 
Gray whale sightings are also recorded opportunistically by (i) MMOs present on joint program research 
vessels and (ii) on SEIC vessels (e.g. crew change and construction vessels).  These data were examined to 
assess if they could be used to collaborate and/or refine the location of the perimeter monitoring line that was 
determined by the second Seismic survey task force. Average relative densities at a 5 km × 5 km resolution 
were calculated for each data set.  Calculations were performed for two grids that were offset 2 km in an 
east-west direction to test sensitivity of the density index to grid cell location with respect to shore, hereafter 
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referred to as “Grid 1” and “Grid 2” respectively.  The calculations were done for two time periods: June-
July and August-September, and for each year of 2005-2007 and pooled across 2005-2007 (as per methods 
used in the Seismic Task Force). 

JOINT PROGRAM RESEARCH VESSEL OPPORTUNISTIC SIGHTINGS 
The research vessel effort and number of gray whale sightings are shown in Table 1. For the purpose of this 
analysis, systematic vessel survey effort and sightings were retained in these data.  Sightings and effort for 
the Oparin during 2007 were not included in the analysis because GPS tracks were not available. MMOs 
recorded a clock face bearing to the animal and estimated distance by eye in 2005.  In 2006 and 2007 MMOs 
used reticle binoculars to estimate distance to a gray whale sightings, and used the vessel’s gyroscopic 
compass to estimate the bearing within 5 degrees. 

Table 2. 

Research vessel survey effort and gray whales seen during 2005 to 2007. 

Year Vessel Dates of Survey Effort Gray whales observed GPS tracks available 
2005 Lavrentyev 17 July to 5 August June-July: 280 GW sightings of 393 whales. 

August-September: No gray whales seen 
Yes 

2005 Oparin 6 August to 2 October August-September: 1047 GW sightings of 1407 
whales. 

Yes 

2006 Bogorov 20 June to 25 September June-July: 218 sightings of 327 gray whales. 
August-September: 325 sightings of 528 gray 
whales. 

Yes 

2006 Oparin 19 August to October 11 August-September: 437 sightings of 742 gray 
whales. 

Yes 

2007 Bogorov 9 July to 10 September  June-July: 94 sightings of 146 gray whales. 
August-September: 101 sightings of 162 gray 
whales. 

Yes 

2007 Oparin 18 July to 9 October June-July: 74 sightings of 169 gray whales 
August-September: 601 sightings of 1108 gray 
whales. 

No – MMO records used 
to approximate vessel 
tracks and locations 

  

Vessel GPS tracks were converted to lines that were overlaid with each of the two grids. Each line segment 
within a grid cell had its length calculated, with effort for a research vessel then summed for that vessel 
within each grid cell on each survey day.  Each whale sighting was assigned to a grid cell in each of the two 
grids.  The number of sightings per km was then calculated for each vessel in each grid cell for each day that 
a sighting or vessel location was recorded.  This preliminary analysis was limited by the difficulty in 
assigning effort to some gray whale sightings that were located in cells other than those containing the 
location of the vessel that made the sighting.  There was no effort associated with these sightings and they 
were not included in the estimates of sightings/km. 

SEIC MMO OPPORTUNISTIC SIGHTINGS 
MMO data from a variety of SEIC vessels were available for 2005, 2006 and 2007, with several sightings of 
gray whales reported.  MMOs recorded a clock face bearing to the animal and estimated distance by eye.  
MMOs also entered records that specified vessel locations every 30 minutes. 

 

Table 3 

Year Dates of Survey Coverage Sightings 
2005 14 June to 4 December 2005 

 
June-July: 4 sightings of 6 gray whales 
August-September: 35 sightings of 66 gray whales. 

2006 30 May to 7 November 2006 June-July: 490 sightings of 801 gray whales 
August-September: 729 sightings of 1277 gray whales. 

2007 5 June to 21 October 2007 June-July: 8 sightings of 19 gray whales 
August-September: 9 sightings of 11 gray whales. 

 

Each recorded vessel location and gray whale sighting was assigned to a grid cell in each of the two 5 km x 5 
km grids.  The following calculations were then performed for each vessel in each grid cell for each day that 
a sighting or vessel location was recorded.  
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(1) The time spent in grid cell was estimated as the difference between the earliest and latest locations 
for a vessel when there was more than one vessel location recorded in a grid cell. This method 
introduced two potential biases. A negative bias results from not including time from 
entering/exiting a cell and the recording of the first/last first vessel location respectively.   A positive 
bias occurs if a vessel leaves a grid cell and then returns. 

(2) It was assumed that a vessel transited a grid cell in a straight line when only one vessel location was 
recorded in that cell.  The distance travelled was assumed to be 5 km, which is the lower bound of 
the potential straight line travel in the cell.  The vessel speed was then used to estimate the time 
spent in the grid cell.  Vessel speed was recorded in the 2007 SEIC MMO data.  Vessel speed for 
2005 and 2006 was assumed to be 15 knots for the crew change vessels and 10 knots for all other 
vessels based on speed limits for SEIC vessel corridors (SEIC, 2007). Using the lower bound for the 
distance creates a positive bias in the relative density, which is precautionary. 

(3) The total number of gray whales was calculated. 

(4) The number of sightings per hour was calculated as the total number of gray whales divided by 
vessel effort.  

The average across all individual vessel estimates of sightings/hour was then calculated within each grid cell 
for each time period of interest for each grid.  

As with the research vessel opportunistic gray whale sightings, this preliminary analysis was limited by the 
difficulty in assigning effort to some gray whale sightings that were located in cells other than those 
containing the location of the vessel that made the sighting.  There was no effort associated with these 
sightings and they were not included in the estimates of sightings/hour.  In addition, the time spent by each 
vessel in a grid cell could not be accurately estimated because of the recorded vessel locations could be up to 
30 minutes apart. 

SUMMARY AND CONCLUSIONS 

Opportunistic gray whale sightings can provide useful anecdotal information regarding gray whale 
distribution in the Piltun feeding area. However, it is difficult to accurately assess survey effort for the 
purpose of estimating relative WGW densities.  It was evident that there were numerous sources of bias and 
limitations in results produced by the analyses described above, and that these results are preliminary and 
need to be used with caution.  The Task Force agreed that a more robust analysis should be conducted using 
MMO records for the joint program research vessels for each year of 2005 to 2007, and pooled across 2005-
2007 for the June-July time period (see Annex G). 

6.2  Review of potentially significant survey-induced distributional/density changes  

6.2.1 Detectability of such changes from each kind of platform (shore, dedicated vessels; other vessels) using 
(i) existing protocols; (ii) new protocols    
Paxton carried out a preliminary power analysis under a number of possible scenarios with respect to 
changes in distribution in response to a point sound source. Details can be found in Annex F. In each case 
examined, unsurprisingly increasing the range of the effect and increasing the strength of the animals’ 
response rendered any test effect more detectable. Small changes in effort (at least in terms of numbers of 
sightings) had little effect on the overall power. However, he stressed that the model provided in the Annex 
was extremely limited and the scope of responses was small. It did however provide an indication of the sort 
of results that a more in depth power analysis could provide. 

The Task Force agreed that it would be valuable if further analyses under additional scenarios could be 
developed. 

6.3. Initial design of data collection: number of shore stations (jointly or separately with behavioural 
monitoring); number of vessels and survey-days; operating period, spatial and temporal allocation of 
stations and transects; data items to be recorded. 

This issue is covered under Item 5.3. 
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6.4 Matters related to the perimeter monitoring line 

As noted above, the use of the research vessel data (see Annex G) is recommended. It was recognised that 
the results may have implications for the perimeter monitoring line. This would need to be discussed at 
WGWAP-6. In discussing this item, the Chair reminded the Task Force that there is a trade-off between the 
stringency of mitigation measures (as reflected in the number of A and B lines) and the length of the survey, 
if prolonging the survey results in more animals being in the potentially affected area. The previous Task 
Force workshop and the WGWAP had agreed that the primary mitigation method is to complete the survey 
as quickly as possible while the number of animals is lowest. 

6.5 Data analyses  

The Task Force agreed that it was appropriate to analyse the MMO records for the joint programme research 
vessels as indicated in Annex G. 

7.  ACOUSTIC MONITORING 

Racca presented to the Task Force a summary of the present work undertaken on acoustics, including 
strengths and weaknesses. This matter has been discussed extensively in previous Task Forces and the details 
are not repeated here. The need to validate the acoustic modelling work with field data was emphasised. 

Details of the proposed approach for acoustic monitoring were provided in the draft protocol (document 3) 
and considerable technical discussion ensued about the equipment proposed to be used, including the 
transmission method (digital design by Pacific Oceanological Institute - POI), calibration, expected signal to 
noise ratios, treatment of digital transmission errors (which can be detected but not corrected), testing, and 
the degree of confidence in radio telemetring data over a 25km range (the distance to the receiving station at 
Piltun lighthouse from the southernmost point on the perimeter line). There was some disagreement over 
whether the equipment was as advanced as it could be. Racca stated that the important thing was the 
reliability of the end results; he believed that it was better to introduce incremental improvements rather than 
to completely overhaul a functioning system. The Task Force noted that it was particularly important to 
consider more fully the question of potential battery failure and how to deal with this and Racca agreed to 
investigate this further and also to consider keeping the onboard recorder operational during periods when 
the transmission functions might be turned off for battery preservation in case of extended gaps in the 
survey. 

Detailed discussions of the acoustic monitoring logistics were held within a small group chaired by 
Nowacek. Those discussions were extensive and the Task Force agreed that the conclusions reached and 
reported by the small group should form the basis for this report. Only these conclusions and their high-level 
justification, rather than the fine technical details of the discussions that led to them, are included in the 
present report. 

The outline monitoring and mitigation measures that involve acoustic data are given in Annex D and the 
proposed protocol given in document 3. A primary focus of the present meeting was to determine the 
practical measures to be followed to implement these.   

7.1 Measurement metric to be used in real-time monitoring 

The previous STF had recognised the appropriateness of using a sound energy level (SEL) metric for 
exposure criteria. However, after extensive discussions it agreed that in the absence of solid scientific 
evidence to support a threshold and the lack of precedent, it would use the 163 dBRMS exposure criterion as 
the onset of behavioural disturbance and 180 dBRMS as the injury threshold. Unfortunately, the RMS metric 
presents measurement problems for pulsed sounds, because the duration of the seismic survey pulse changes 
as the pulse travels through the water.  Specifically, the value returned by the RMS measurement can change 
significantly depending on the pulse duration and the signal to noise ratio (SNR) even though the energy 
arriving at a particular position does not vary nearly as much.   

The Task Force recommends the following practical approach that can be implemented in the field in real 
time while maintaining the agreed dBRMS exposure criteria.  Taking advantage of the fact that at high SNR 
the RMS metric is more reliable since the pulse can be better defined, as part of the propagation model 
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verification (see below) an offset between RMS and SEL will be defined that will allow the SEL metric to be 
used as the effective monitoring and mitigation tool.  This is particularly appropriate since the exchange 
between RMS and SEL is reliable and repeatable at high SNR. At low SNR, where the exchange can result 
in more error, there is much less concern about disturbing the whales.  Importantly, the data for both metrics 
will still be measured and recorded so that upon analysis the two measurements can be compared and 
reported.  

7.2 Sound Velocity Profile and its effects on sound propagation and modelling 

It was noted that the water temperature and salinity measurements contained in the 2007 Acoustic and 
Hydrographic Studies Closeout report from POI indicate that the sound velocity profile (SVP) could change 
substantially over relatively short time and spatial scales, e.g., 10 days and/or 1-2 km.   These changes in the 
SVP are problematic because they can dramatically alter the propagation of sound through the water column, 
resulting in substantially more or less sound energy being received, and thus proving problematic for the 
model verification process. 

To address this, the Task Force recommends the following practical approach.   

(1) In advance of the seismic survey, undertake multiple propagation model runs using the full range 
of values for SVP suggested by the POI data. These model runs will be used as a ‘library’ of 
potential propagation conditions available during the survey.   

(2) During the seismic survey itself, obtain (from the ‘observational’ vessel, OV – see below) 
measurements of conductivity-temperature-depth (CTD – the physical conditions that dictate SVP) 
to determine the SVP conditions that exist on a given day in the area between the survey and the 
whale feeding ground.   

(3) Use the CTD data to estimate the SVP conditions and then use the propagation model run that 
most closely matches those SVP conditions to anticipate any propagation conditions or anomalies 
that might cause larger than previously anticipated levels of sound to impinge on the perimeter 
monitoring line and thus the feeding area.  It is possible that under some SVP conditions, a survey 
line that was classified as a ‘b’ line may need to be reclassified as an ‘a’ line based on the 
propagation conditions.   

7.2.1 Strategy for obtaining the CTD measurements 
The observation vessel (OV) is the only platform available to make CTD measurements. A single 
measurement profile in these water depths would require only ~15 min. As a minimum, the Task Force 
recommends that as the seismic survey vessel approaches a survey line1, the OV obtain a profile at its 
deployed location shoreward of the survey vessel. After the line is acquired, the OV obtains a profile at its 
position shoreward of the end of the acquired line. It should also make CTD measurements as often as 
practicable given the temporal and spatial variability of the salinity and temperature reported in the POI 
report.  

7.2.2 Deployment of the vessel 
With respect to background noise and taking this into account, it was noted that there may be some loss of 
signal whenever a vessel passes close to an acoustic station. This is likely to occur when the monitoring 
vessel is moving up and down the acoustic monitoring line. It was agreed that it was important to ensure that 
the vessel is not close to an acoustic station at the same time that the seismic array is broadside to the station. 
Given this it was agreed that the vessel should proceed some distance ahead of the seismic survey (this is 
also relevant in terms of checking for the presence of whales). 

As noted earlier, the practical deployment of the vessels under various scenarios needs to be considered by a 
small group (see Item 5.3). 

                                                            
1 As the actual line is being acquired the observation boat must be monitoring for whales so should not stop to make a CTD cast 
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7.3 Co-deployment of acoustic sensors 

The Task Force was informed that during the seismic survey a group led by Vedenev, with support from 
IFAW, was planning to deploy some acoustic sensors to perform independent monitoring of sound levels 
from the survey. A list and description of the units available can be found in document 5; these included 
three telemetric buoys capable of full digitized waveform recording to internal disk as well as telemetry of 
derived metrics either via satellite uplink or via radio modem bridge to shore, and two non-telemetric digital 
recording units. The telemetric units were capable of two-way communications over the radio modem and 
could be switched on and off (standby) as required to conserve power during periods of pause in the 
operations. Racca indicated that the availability of these systems was per se a potentially beneficial addition 
to the monitoring effort. The Task Force agreed that deployment had to be properly coordinated and 
integrated in the overall activities so as to ensure consistency in calibration and non interference during 
deployment and maintenance operations. It was also noted that if the IFAW data were to be considered in 
any way in the real-time decision making regarding the conduct of the survey, then agreement would have to 
be reached with SEIC on how this additional input would alter their already well defined mitigation plans. 
The Chair established a break-out group (Nowacek, Duncan, Vedenev, Tsidulko, Bell, Bröker and Racca) to 
consider these issues further. Their discussions are reflected in the Task Force agreements below. 

The first issue considered was that of data compatibility between the systems, focusing particularly on the 
fact that since the telemetric units from the IFAW team would only transmit pre-computed metrics as 
opposed to digitized waveforms, differences in the processing algorithms could lead to hard to reconcile 
discrepancies in the measurements especially for impulsive sounds. The Task Force agreed that cross-
calibration of the various systems had to take place in advance of the start of the survey in a thoroughly 
specified manner, with strong preference to a common testing location, so that end-to-end agreement in the 
reported metrics as well as the raw recorded time series could be verified for a standard acoustic input signal.  

The next issue considered was that of concurrent deployment and possibly co-location of sensors in the field 
during survey monitoring, which includes (i) a short term, close range sound source verification (SSV) at the 
beginning of the survey to quantify the 180 dB rms safety range and (ii) ongoing monitoring of the sound 
levels entering the feeding area throughout the survey. 

For the former task, the IFAW group proposed to measure the received levels from a single sail-past of the 
airgun source, using one recording unit in parallel to the four planned by the acoustic team working on behalf 
of SEIC; none of these units would have telemetric capacities. The IFAW system, like its counterparts, 
would be deployed at the seafloor (about 40m depth) and would be placed at a distance from the line 
comparable to the expected 180 dB rms range (~2km based on modelling). The IFAW group is prepared to 
secure an independent craft for the deployment and retrieval of its unit, which would take place at the same 
time as the main SSV recorders. The data from that unit would be analysed its acousticians and would be 
compared with the levels recorded by the main SSV instruments when such levels are released in the SSV 
report within 72 hours of instruments retrieval. 

Even prior to the execution of the SSV trial, the other units from the IFAW group (three telemetric and one 
archival) would be deployed at more inshore locations at the edge of and within the feeding area. The Task 
Force agreed that mere ‘shadowing’ of the SEIC monitoring units on a site per site basis would not be an 
efficient use of resources, but it was recognised that only a direct comparison of metrics reported by a pair of 
co-located real time systems would provide full confirmation of the equivalence of the measurements under 
all conditions. It was agreed therefore that one of IFAW’s telemetric units would be permanently deployed 
as near as possible, avoiding risk of entanglement or any other interference including RF, to one of the nine 
telemetric systems in the perimeter monitoring line. The option was formulated to have the two co-located 
units at the midpoint of the perimeter line and to position the temporary row of SSV recorders in alignment 
with this location, so that the site on the perimeter line would provide an additional long-range measurement 
point (independently sampled by the two teams) to assist with the initial model verification. A second 
telemetric unit from the IFAW group is to be positioned at another location of that team’s choosing – but 
disclosed in advance – along the perimeter line at a position half-way between two of the SEIC monitoring 
units. The third and last telemetric unit from the IFAW group and their two non-telemetric unit will be 
deployed along the 10m bathymetry line at locations not yet specified, but selected to be different from three 
corresponding non-telemetric units that SEIC has committed to deploying. These inshore devices from both 
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teams will provide valuable sampling of the levels propagating far into the feeding area, mostly for post-
survey analysis. It is noted that one of the locally recording units from the IFAW group will initially serve as 
the independent measurement point on the SSV trial and will be deployed at its chosen location on the 10m 
bathymetry line after retrieval from the SSV site. 

8. ADDITIONAL MONITORING 

In addition to the monitoring specified in the protocols (and see Annex D), the Task Force briefly discussed 
the value of additional monitoring efforts, recognising that this was slightly outside the ToR for the group. 

8.1 Photo-identification 

As noted elsewhere in the report, knowledge of which individuals are present in the area during and after the 
survey was recognised in principle. However, it was noted that the issue had practical implications, both in 
terms of resources and in the potential effects if photo-identification efforts are to be from zodiacs and/or if 
whales are actively approached which could compromise both acoustic measurements and behavioural 
studies. The Task Force agreed that the primary focus should be from the shore-based efforts, with a focus 
on reproductive females and calves. These tend to be closer to shore and will be of greater interest in longer-
term follow-up studies. Opportunistic photo-identification could also be undertaken from vessels provided 
that animals were not actively sought. 

8.2 Benthos 

There was a brief discussion on the potential effects of seismic surveys on the benthos. Reference was made 
to anecdotal evidence (McCauley pers. comm.) of some effects of strong impulsive sounds on animals living 
on the seabed but no systematic studies were known. Duncan suggested that the nature of the seabed in the 
area of the survey suggested that any possible effects would be local rather than large. Reference was made 
to experimental work on caged fish (McCauley et al., 2000) in which startle responses and habituation were 
observed, and some behavioural responses above 145db SEL. 

It was noted that it would be valuable to have information on the benthos in the overall area before the 
survey and to investigate the relevant benthos if changes in distribution were detected with a view to 
determining whether the ‘new’ areas were less productive or not. However, the Task Force recognised that it 
was not possible in the time available, nor did it have the benthic expertise present, to develop an appropriate 
sampling strategy or evaluate the probability of being able to detect/evaluate changes. It agreed that taking 
this issue further would not be possible if the survey was undertaken in 2009 but it would be possible if the 
survey took place in 2010 or for later surveys. 

It was agreed that this issue should be referred to WGWAP 6 when benthic expertise would be present and 
information on whether the survey would take place in 2009 was available. 

9. CONSIDERATION OF INTEGRATED ANALYSES 

The Task Force was unable to discuss this in the time available. The importance of, and difficulties with 
integrated analyses have been discussed at the WGWAP on a number of occasions. The Task Force believed 
that its earlier discussions (including the power analyses presented) suggested that an appropriate suite of 
data were being collected and attention was drawn to the fact that full, integrated analyses had implications 
for full access to all relevant data. 

10. DATA AVAILABILITY 

It was confirmed that the data obtained during the seismic survey by the SEIC and IFAW teams would be 
made available under the conditions of the Data Availability Agreement developed by WGWAP.  

11. MONITORING EFFORT IF THE SURVEY DOES NOT TAKE PLACE IN 2009 

Bell indicated that if there was no seismic survey in 2009, then SEIC would probably follow the original 
three-year monitoring plan jointly implemented with ENL. Although changes might be considered he did not 
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think it would be feasible to bring forward the effort for photo-identification and/or benthic studies to earlier 
in the season (this had been suggested to provide comparable information for the same time period that the 
survey would take place in 2010). 

12. SYNTHESIS 

A major aim of the monitoring programme is to collect data that can be used to assess the effects of the 
survey on the western gray whale population and thus help guide future policy choices regarding repeat 
surveys, which technology to employ etc. Ultimately, effects on reproduction and survivorship are of greatest 
concern, but potential intermediate indicators of demographic effects include changes in time spent feeding, 
shifts in feeding area and stress-responsive behaviour. The power analyses presented here show that the 
proposed monitoring programme should, in principle, be capable of detecting changes in whale behaviour 
and distribution. The Task Force had successfully completed much of its work and it commends its 
recommendations found throughout this report and in Annex D on the mitigation and monitoring plans to 
WGWAP and to SEIC and requests the latter to incorporate these formally into their plans. The Task Force 
also reiterated that the primary mitigation measure is that the survey occurs and is completed as early in the 
season as possible; the scientific value of prior observations should not compromise that aim. 

In terms of outstanding requests and recommendations, the workshop identified the following items. 

(1) Two additional analyses are needed to finalise the Perimeter Monitoring Line (PML), as 
follows (and see Item  6 and Annex G)  

(a) Investigation of the use of opportunistic (i.e. non-systematic) sightings to improve 
density estimates in and near the area of the seismic survey. This was primarily 
intended to help overcome the limitation of the previous analyses, which had 
ascribed zero density to areas with no systematic observation effort that were 
primarily beyond the range of shore-based observers.  

(b) Correction of the shore-based distance data for refraction. The Task Force 
recognised that, while it is better to make this correction than not to do so, there 
appears to be considerable additional negative bias in the shore-based distance 
estimates that cannot be accounted for by correcting solely for refraction effects.   

(2) A small group should complete discussions on the number and types of vessels to be 
involved in the mitigation and monitoring programme and to develop illustrative scenarios 
to clarify the respective roles and activities of vessels (Item 5.3.2). 

(3) SEIC should investigate the possibility of providing suitably stable and secure structures to 
provide increased elevation for observers (Item 5.2). 

(4) Protocols should be developed and implemented for an experiment(s) to examine g(0) issues 
with respect to the behavioural and distribution teams and to estimate a sighting distance 
correction factor be designed (Items 5.3.3 and 6.1.4). 

(5) IUCN should attempt to obtain information from other companies on activities in the western 
gray whale feeding area, especially with respect to other seismic surveys (Item 3.1). 
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Annex B 
Agenda 

1. Introductory items 
1.1. Introductions of participants 
1.2. Summary recap of survey plans and existing STF recommendations 
1.3. Aims of workshop and expected product 

 
2. Documents and progress reports 

2.1. Review of available documents 
2.2. Results of tasks requested by WGWAP 5. 
2.3. Other new information. 

 
3.  Operational plans and expectations 

3.1. Short term: Update on Ashtok 2009 survey and other nearby pending surveys 
3.2. Long-term: Update on expected frequency and nature of seismic surveys 

 
4. Objectives of monitoring 

4.1 Potential biological impacts of demographic significance to provide a perspective for discussions 
on monitoring design and potential indicators. 

4.2 Real-time monitoring (in conjunction with mitigation measures) 
4.3 Monitoring to obtain better information for future seismic surveys 

 
5. Behavioural monitoring 

5.1 Description of present methods and strengths/weaknesses identified 
5.2  Review of potentially significant survey-induced behavioural changes and their detectability 
5.3 Initial design of data collection: number of stations, operating period, spatial and temporal 

allocation; data items to be recorded. 
5.3.1 Shore-based stations 
5.3.2 Observation vessel activities and operations 
5.3.3 Data protocols, including where necessary, consolidation of the protocols for the 

behavioural and distributional teams 
5.3.5 Operating period 
5.3.6 Data collection from other platforms 

5.4  Data analyses 
5.4.1 Analyses to inform experimental design including power analyses (determination of 

statistical power to detect various types and levels of behavioural change) 
 
6. Distribution/density monitoring 

6.1 Description of distribution and density data collected to date, analyses performed and 
strengths/weaknesses identified 

6.1.1 Shore-based observers 
6.1.2 Dedicated vessels and aircraft 
6.1.3 Analysis 
6.1.4 Strengths/weaknesses Identified 
6.1.6 Opportunistic gray whale sightings from vessel platforms 
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6.2  Review of potentially significant survey-induced distributional/density changes 
6.2.1 Detectability of such changes from each kind of platform (shore, dedicated vessels; 

other vessels) using (i) existing protocols; (ii) new protocols. 
6.3  Initial design of data collection: number of shore stations (jointly or separately with behavioural 

monitoring); number of vessels and survey-days; operating period, spatial and temporal 
allocation of stations and transects; data items to be recorded. 

6.4  Matters related to the perimeter monitoring line 
6.5  Data analyses 

 
7.  Acoustic monitoring 

7.1  Measurement metric to be used in real-time monitoring 
7.2  Sound Velocity Profile and its effects on sound propagation and modelling 

7.2.1 Strategy for obtaining the CTD measurements 
7.2.2 Deployment of the vessel 

7.3  Co-deployment of acoustic sensors 
8. Additional monitoring 

8.1  Photo-identification 
8.2  Benthos 

 
9. Consideration of integrated analyses 
 
10. Data availability 
 
11. Monitoring effort if the survey does not take place in 2009 
 
12. Synthesis 
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Annex C 
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number 

Submitted 
by 

Title Status 

Seismic TF-3/1 IUCN Agenda Public 

Seismic TF-3/2 IUCN List of documents Public 

Seismic TF-3/3 SEIC Astokh 2009 acoustic data collection protocols Restricted 

Seismic TF-3/4 SEIC Draft Distribution Shore-Based Survey Design and Protocol Restricted 

Seismic TF-3/4 
addendum 

SEIC Format data collection sheet distribution shore-based survey 
design 

Restricted 

Seismic TF-3/5 SEIC MARINE MAMMAL OBSERVERS PROTOCOL, 2009 
ASTOKH 4-D SEISMIC SURVEY 

Restricted 

Seismic TF-3/6 SEIC Draft Behavioural Monitoring of the Astokh 4-D Seismic 
Survey in 2009 

Restricted 

Seismic TF-3/7 IFAW Data collection protocols for IFAW Public 

Seismic TF-3/8 SEIC ENVIRONMENTAL IMPACT ASSESSMENT Chapter 8 Restricted 

Seismic TF-3/9 SEIC Behaviour, Stations and 163 dBrms Restricted 

 



REPORT OF THE WORKSHOP TO DESIGN A MONITORING PROGRAMME 

 

28 

 

 
 

Annex D 
Monitoring and mitigation measures for the 2009 seismic survey 

 

MONITORING (NUMBER, DISTRIBUTION, BEHAVIOUR)  

The monitoring measures proposed here are integrally related to the mitigation measures proposed or likely 
to be proposed for future surveys. Indeed, most of the monitoring measures provided below are essential for 
implementation of the mitigation measures proposed for the 2009 seismic survey. 

The monitoring measures fall into two categories: 

(1) real-time (or near real-time) monitoring required to trigger appropriate action where sound levels 
approach or exceed defined thresholds (i.e. essential for mitigation); 

(2) additional monitoring (involving the collection of some data that do not need to be analysed in real 
time) to obtain data on the effects of the seismic survey on whales, especially western gray whales, 
to add to the existing knowledge base, and to contribute to the design of mitigation strategies for 
future seismic surveys. 

Acoustic monitoring (perimeter and within area) 

Along the perimeter of the feeding area (the perimeter monitoring line) 
(1) Real-time monitoring of acoustic levels using sea-bottom receivers will be undertaken during all 

periods of seismic source activity. 

(2) A total of at least nine receivers will be positioned at 2500m intervals along the edge of the feeding 
area to ensure adequate redundancy. There will thus never be more than 5000m between active 
buoys (considered the range of reliable model-based interpolation of recorded sound levels). 

(3) Receivers will be in place and verified to be functioning properly before activity starts and for the 
duration of the survey. 

(4) There will be a direct radio link between the real-time monitoring acoustician and the Senior MMO 
on the active seismic vessel.  

On the coastal side of the perimeter monitoring line  
(1) All necessary efforts will be made to obtain archival acoustic data within the feeding area using 

bottom-mounted receivers. 

(2) During the seismic survey, ≥3 acoustic monitoring buoys will be deployed in the feeding area on or 
near the 10m isobaths and near the centre of the field of view of the shore stations.  Verification that 
these buoys are operational during the survey should be undertaken, at least at the start of the survey.   

General visual monitoring (shore-based and vessel-based) 

Note that whilst the monitoring below focuses on the area within the feeding area (i.e. on the coastal side of 
the perimeter monitoring line) near to the seismic operations, it is also important to maintain the observation 
effort throughout the rest of the area as in previous years. This is important for analysing and interpreting the 
data with respect to actual or potential effects of seismic surveys on the whales, and for maintaining the 
longer-term monitoring data series that will be a valuable resource when future seismic operations occur. 

On the coastal side of the perimeter monitoring line (shore-based) 
(1) Shore-based scan surveys will be undertaken by two teams at the five pre-existing vehicle scan 

observation points south of the mouth of the Piltun lagoon (i.e., vehicle scan survey observation 
stations 9 to 13) to enhance the resolution of potential changes in whale density and distribution. The 
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timing of scans will be scheduled to ensure the monitoring of whales pre-, during and post seismic 
line acquisition. Pre- and post surveys will be conducted 1 hour prior/post of the acquisition whilst 
‘during’ scans will be conducted 1 hour from the onset of line acquisition. A third team will conduct 
daily surveys, weather permitting, at the eight pre-existing vehicle scan observation stations 
(numbers 1 to 8) using the same survey protocols as in previous years. 

(2) Behaviour will be monitored by two behavioural monitoring teams. The location of behavioural 
platforms will be directly inshore of the seismic activity in areas that are expected to have the highest 
exposure levels.  Scans conducted by behavioural monitoring teams will augment information on 
whale numbers collected by the shore-based distribution surveys. 

On the coastal side of the perimeter monitoring line (vessel-based) 
(1) Behaviour will also be monitored from a vessel platform. This will cover whales that may occur near 

or slightly outside the defined feeding habitat that are not being monitored effectively by shore-based 
teams (e.g. due to low station heights, onshore fog etc). The monitoring location will be within 
regions of maximum predicted ensonification. The vessel type should be selected based on 
requirements of minimal sound output with an effective observation height (5-10m) to increase the 
range of whale observations. Focal follow observations will be conducted from this platform to 
monitor respiration patterns and the general movement of the whales in the specified region. 
Extended focal follows should be conducted on whales displaying aberrant movements and/or 
behaviour to monitor potential long-term responses. The vessel will maintain a distance of at least 1 
km from the whale being observed.    

(2) Gray whale distribution will also be monitored from a vessel platform in the event of inclement 
weather (e.g. onshore fog) that prevents monitoring. 

(3) The observation vessel will have a direct radio link to the Senior MMO on the active seismic vessel.  

Within the proximity of the seismic related vessel(s) 
(1) Experienced MMOs will be stationed on all vessels (i.e. seismic, scout and supply vessels) for the 

duration of the survey.  

(2) MMOs will be limited to a maximum 2-hour continuous shift with a minimum of 1 hour between 
shifts.  

(3) Single-point authority for operational shutdown will lie with the on-shift Senior MMO on the 
seismic vessel.  

(4) All vessels and real-time acousticians will have direct radio access to the on-shift Senior MMO.  

(5) MMO observation platforms should be located at the highest elevation available on each vessel with 
the maximum viewable range from the bow to 90˚ port/starboard of the vessel. Optimal locations 
might be on the ‘flying bridge’. Use of the bridge should be avoided due to obscured views and 
potential distractions. 

(6) An extended visual search (20 minutes) will be conducted prior to start-up of the seismic source.  

(7) There will be a minimum of two MMOs on watch on the seismic vessel at any given time during 
ramp-up, shooting and for the 20 minutes before start of ramp-up.  

(8) Occurrence and behaviour of whales will be documented in accordance with existing MMPP 
(Marine Mammal Protection Plan) and MMO procedures. 

MITIGATION MEASURES 

Timing of surveys 

(1) The seismic survey will commence and be completed as early in the season as logistically possible. 
Logistics include ensuring that all mitigation and monitoring procedures are in place.  

(2) The duration of the seismic survey will be as short as technically and logistically feasible. Logistics 
includes ensuring that all mitigation and monitoring procedures are implemented fully.  
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(3) Lines in Zone A (see definition below) should be acquired at the earliest possible opportunity given 
visibility, mitigation and monitoring requirements. 

General design and conduct of surveys 

The most stringent mitigation measures should be applied in Zone A as defined below. The monitoring 
measures defined above must be in place and operational for the acquisition of lines. 

Definition and updating of A and B zones 
(1) Initially, the survey area for which the additional mitigation measures are in effect (A zones) will be 

defined by the overlap of the ‘feeding area’ and the maximum shoreward extent of the 163 dBRMS 
isopleth for that particular shot line.  

(2) Before any lines are shot within the range currently predicted to exceed 156 dBSEL at the perimeter 
monitoring line, received sound levels at the line will be compared with model predictions. If 
received sound levels exceed model predictions, then the model shall be retuned to match the 
observed levels. Based on the updated model predictions, shot lines for which an overlap is predicted 
between the 163 dBRMS contour and the monitoring line will be reclassified as A lines, for which the 
additional mitigation measures specified below apply.  

(3) The comparison between observed and expected sound levels at the perimeter monitoring line, and, 
where indicated, retuning of the acoustic model, shall be repeated at regular intervals during the 
survey.  

(4) In the event that the 163 dBRMS threshold is exceeded at any receiver on the edge of the feeding 
ground while shooting a B line, operations shall be suspended immediately or shifted away from the 
feeding ground until a recalibration exercise has been conducted as described above, and the lines 
have been reclassified accordingly. 

Measures within the proximity of the seismic vessel – entire survey 
(1) After more than 20 minutes of inactive source, ramp-up procedures will be adopted such that the 

individual air guns will be activated in a progressively larger combination over a period of several 
minutes (6 dB increments every 5 minutes over 20 minutes).  

(2) The Senior MMO will initiate source shutdown if a gray whale is observed within defined exclusion 
radius of the source array.  

(3) The Senior MMO will initiate a precautionary shutdown if a gray whale is observed to be on a 
course that will result in its entering the shut down zone.  

(4) Low level single (smallest) gun operations will be conducted during line changes. Ramp-up 
procedures will furthermore be implemented 20 minutes prior to the sequential line acquisition. As 
long as the single gun operation is uninterrupted during the line change, this period will not be 
interpreted as ‘source inactivity’ for the purposes of clause (5) below. 

(5) For operations in conditions that preclude effective visual monitoring of the defined exclusion radius 
of the source array (e.g. night, fog, poor visibility2).  

(a) Prior to a seismic acquisition, the line of interest will have been surveyed (if necessary using a 
second vessel) at least 6 hours preceding the start time of acquisition of the line to ensure that no 

                                                            
2 “Poor visibility” means any conditions under which the estimated distance at which a gray whale can be reliably sighted is less than the defined 
exclusion radius. A prohibition on night shooting could increase the survey duration by up to 50%, which would be undesirable, both in terms of 
increased costs and in terms of extending the duration of the seismic survey into the period of peak whale abundance.  The Workshop therefore agreed 
that night shooting or shooting during fog or poor light should only be conducted when the line has been surveyed (either by a separate “scout” vessel 
or while shooting an adjacent line) in good conditions during the preceding six hours and no gray whales have been sighted within this period.  This 
would be the first time such a measure has been tried: the period of 6 hours, while considered practical to implement, remains, in the absence an 
analysis of the effectiveness of the measure for different choices of period, arbitrary.   
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gray whales have been sighted in the vicinity of the line. If poor visibility hampers survey of the 
entire line, then the line will not be acquired. 

(b) Operations will shut down for the night period if whales are sighted in the pre-dusk scan.  

(c) After more than 20 minutes of source inactivity, operations will not be re-commenced, due to the 
inability to conduct an adequate visual scan. 

Additional restrictions for Zone A 
(1) No acquisition during periods of poor visibility3 or at night. 

(2) No acquisition unless the feeding area perimeter line is within the effective sighting distance of a 
shore station or an additional vessel.  

(3) No acquisition if any gray whales have been observed in Zone A over the preceding 6 hours.  

(4) No acquisition if mother-calf pairs have been observed in Zone A in the preceding 12 hours. 
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Annex E 
Initial power analysis for behavioural data 

Ruth Joy 

 

A power analysis was conducted to investigate the possibility of detecting meaningful changes in behaviour 
of western gray whales in response to seismic activity. The power analysis was implemented as a simulation 
experiment in which the simulated data was based on the best information available about this gray whale 
population, and the sampling framework was designed to best mimic the collection of behavioural data that 
is expected to be collected during and after the seismic surveys.  

The behaviour sampling protocol is to follow a whale for as long as possible, which often includes multiple 
10.5 minute focal follows per whale encounter, and in unusual circumstances a whale can be followed for up 
to 7 hours (document 4 - Draft Behavioral Monitoring of the Astokh 4-D Seismic Survey in 2009). To 
capture this sampling feature, the number of focal follows per whale was generated from a negative binomial 
distribution which is characterized by being an asymmetric distribution with a long right hand tail. One of 
the behavioural variables collected during a focal follow will be “blow interval” (blows per minute). The 
simulation was based on this variable because it has been previously shown to be a significant indicator of 
behavioural change in response to seismic activity (Gailey, Würsig and McDonald, 2007).  The simulation 
assumed that each whale would have its own intrinsic blow interval, and this would be a normally distributed 
variable with an expected value of 0.41 (Table 16; Gailey, Sychenko and Würsig, 2008), with a within-whale 
standard deviation equal to 0.09. The between whale standard deviation was assumed to be 0.18 (Table 16; 
2007 standard deviation; Gailey, Sychenko and Würsig, 2008).   

The simulation compared the blow intervals of gray whales during and after seismic activity, and 
investigated the power to detect levels of change at various sample sizes, using both a model that assumed all 
focal follows were independent random measures, and a model that incorporated the within whale 
resampling. Two different regression models were used in the simulation in order to get at the effect of 
ignoring the autocorrelation introduced when the same whale is sampled multiple times in succession.  The 
autocorrelation was not directly incorporated in the data simulation due to time considerations, however it is 
understood that the power of the “correct model” that adjusts the degrees of freedom for the lack of 
independence within whale, will lie somewhere between the linear regression and mixed effect regression 
models used in the simulations.  

The results suggest that the small expected number of whales in these waters during the seismic survey 
should be sufficient to detect changes in blow interval under the conditions this simulation experiment was 
designed for. A sample size comparing 20 whales during and 20 whales after the seismic activity should be 
sufficient to detect a 50% difference in blow interval with 95% power. A sample size of 5 whales will need a 
100% difference in blow interval to have equivalent power. The main caveat to these results is they hold true 
only under the assumptions and conditions made for the simulation trial, and should be interpreted with 
caution if there are significant differences to the underlying population parameters, or to the data collection 
protocols. Nevertheless, the power analyses suggest that the effort required to collect the behavioural data 
should advance our understanding of the response of the western gray whale to acoustic noise in their 
feeding grounds.   
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Annex F 
Preliminary power analysis on gray whale distributions 

Charles Paxton 

 

A key question when undertaking any survey is if there will be sufficient data to draw firm conclusions about 
the hypothesis under test or alternatively to obtain precise estimates of the population under consideration. In 
this case the question of interest is, of course, does seismic testing alter the distribution of grey whales? 
Estimation of the power (i.e. assessing the probability of detecting an effect given such an effect is present) 
allows the appropriate level of effort to be ascertained. Low power (→ 0) indicates the survey has a low 
probability of rejecting the null hypothesis (that the seismic test has no effect on the whales’ distribution) 
when such an effect is present. Likewise a high power (→1) indicates a high probability of rejecting the null 
hypothesis when it is false. Thus power indicates the effectiveness of a given study in achieving the wider 
aims under consideration.  

In this context the following power analysis was undertaken to provide a crude first look at potential data 
issues in the context of this study.  

THE HYPOTHESIS UNDER CONSIDERATION 

Subgroup discussion indicated four possible hypotheses concerning grey whale movement around the 
seismic surveying region assuming movement from the south and assuming no offshore dispersal. Animals 
encountering an acoustic disturbance:  

(a) continue north but move closer into shore  
(b) stay south 
(c) stay south until a temporary cessation of surveying activity upon which they move north 
(d) whales immediately to the west of the survey area (i.e. between the survey area and the shore) 

will move north or south. 

Hypotheses b, c and d require power analyses to be based on estimated (relative) densities in the area. 
Hypothesis a however, could readily be evaluated using the available data on animal distances from shore if 
it is assumed that seismic surveying would result in a change in the distribution of observed distances of 
whales from the shore. This could bypass effort by crudely assuming the number of obtained distances 
reflected effort and because the conclusions are drawn on the distribution of distances rather than their 
number. Distances were assumed to be collected without error.  

METHOD 

The power calculation involved creating a model that investigated whether animals within a set distance of 
an active point source (roughly in the middle of the proposed test zone), would reposition themselves closer 
to the shore. The data came from 2005 - 2007 (used as control years with no effect) plus a data set from a 
pseudo-year made up of a sample of distances from 2005 - 2007 (n = 826, the mean number of distances per 
year for north and south stations for the full year) where seismic testing was simulated to have had an effect 
with the animals showing a variety of responses (see below).  

The distribution of distances from the shore was modelled as a linear model with a “test” factor present 
which indicated whether a test was taking place. The effect of test was considered as an interaction with 
latitude (i.e. it was assumed that the seismic test would have greater effect at latitudes close to the point 
source). Other models were considered using other variables but this model contained all significant 
variables. 

The power calculation for a given scenario consisted of trials where a new set of pseudo-distances were 
created and fitting the model to see if the effect was detected. Power was assessed from the number of trials 
out of 100 where the test effect was detected with P<0.05 or less.  
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A number of scenarios were considered based on the effect of the test and the amount of effort (reflected as 
the number of recorded distances). In each case the scenario was tested assuming different ranges of the test 
effect (in each case 0.01, 0.1, 0.5, 1 through to 20 nautical miles). The specific scenarios, which may or not 
be completely realistic, were 

(a) test causes the animals in range to move due east within 300 m offshore 
(b) test causes the animals in range to move due east to 500m offshore 
(c) test causes the animals in range to move due east to 800m offshore 
(d) test causes the animals in range to move due east 500m 
(e) test causes the animals in range to move due east 1000m 
(f) test causes the animals in range to move due east 2000m 

The initial runs above assumed the number of sightings from the test year was equivalent to the mean 
number of shore based sightings from 2005, 2006 and 2007 (n = 826 sightings). To illustrate the effect of 
changing effort (crudely measured as a proportional change in sightings). The five hundred metre offshore 
scenario (b) from above was replicated with  

(g) double the effort of previous years 
(h) 50% more than previous years 
(i) 50% less than previous years  
(j) 10% of the effort of previous years                                                                                 

RESULTS AND CONCLUSIONS 

The results of each movement scenario with varying ranges of effect are given in Figs 1 and 2. In every case 
there was an s-shaped curve with a sudden change of power at an intermediate range. Unsurprisingly 
increasing the range of effect and increasing the strength of the animals’ response rendered any test effect 
more detectable. Small changes in effort (at least in terms of numbers of sightings) had little effect on the 
overall power. However the model proposed here was extremely limited and the scope of responses was 
small. It does however allow an indication of the sort of results that a more in depth power analysis could 
provide.  
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Fig. 1.  

Results of different scenarios a. move 300 m offshore , b. move 500m offshore, c. 800 m offshore. d. move east 500m, e. move 
east 1000m., f. move east 2000 m 
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Fig. 2. 

Power under different levels of effort (measured as number of sightings) compared to baseline of 863 (mean of 2005 – 2007). 
g.) double number of sightings, h) 50% increase in sightings, i) 50% reduction in sightings, j) a reduction in sightings to 10%, 

of scenario b. 
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Annex G 
Proposed analysis of research vessel data 

Justin Cooke 

DATA SOURCE 

• Use MMO database as data source.   
• Select research vessels by vessel name (Bogorov, Lavrentyev, Oparin). 
• Use data from June and July only 2005-07. 
• Define an area of interest within about 25 km of the seismic survey area (say 52.5° to 53°N) and 

select effort data from within this area and outside within 5km of the area. 

EFFORT CALCULATION 

• Time and position was supposed to be recorded every 30 minutes. Assume off-effort when >60 
minutes between records (this may lead to some positive bias when effort periods begin or end with 
a WGW sighting). 

• Discard sightings with no effort (no other records within 60 minutes). 
• Assume constant course and speed between recorded positions (or use GPS tracks if practical to 

process data). 

DETECTION FUNCTION 

• Fit a detection function to [radial][perpendicular] distances to sightings (using all data for vessel 
positions >3km offshore).  Because only relative density is to be estimated, g(0) = 1 can be assumed. 
Truncate at 5 km distance (sightings beyond this distance discarded). 

• From vessel tracks, calculate a spatial detection hazard field over a sufficiently fine grid of points in 
the area of interest, by integrating the detection function along vessel tracks and over space. 

DENSITY CALCULATION 

Fit a smooth density function over the area of interest using non-discarded sightings and the detection hazard 
field. Apply a standard approach to estimating smoothing parameters. 

One problem is that the estimated density field might not fall off with distance from the coast fast enough (or 
at all). Consideration could be given to adding a penalty function that forces a fall-off. The value of the 
penalty could be chosen so as to increase the AIC by at most 2.0. 

PRECISION ESTIMATION 

Bootstrap re-sampling using the vessel-day as the sampling unit. 

SELECTION OF BOUNDARY 

Shortest boundary that contains 95% of the abundance. 

 
 


