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Executive Summary 

A multi-disciplinary monitoring program of the population of the Okhotsk-Korean or western 

gray whale (Eschrichtius robustus) has been jointly sponsored by Exxon Neftegas Limited and 

Sakhalin Energy Investment Company, Ltd. since 2002. These companies are engaged in oil and 

gas development off the north-east coast of Sakhalin Island Russia, in proximity to feeding 

areas used during ice-free months by the western gray whale (WGW). The population of WGW 

is classified as “Category 1” in rarity status in the Russian Red Book and as “critically 

endangered” by the International Union for Conservation of Nature. 

The WGW monitoring program has significantly increased the understanding of the WGW and 

its habitat, and has resulted in the generation of large volume of data.  This report describes the 

analysis that was conducted to discern relationships between the distribution of WGW and its 

food resources and acoustic noise.  The analysis was aimed to achieve two key objectives: 1) to 

analyze spatial distribution contingency for WGW and its prey; and 2) to analyze noise impact 

on the whale-prey relation characteristics. Mathematical cartographic modeling methods were 

used to achieve these objectives. 

The results of the analysis are provided in the form of maps reflecting the specifics and 

dynamics of  gray whale spatial distribution (permanent onshore and vessel observations in the 

course of 1.5-2 months on the basis of a standard 1 km2 cell monitoring grid), prey spatial 

distribution  (one-time intra-seasonal assessments of biomass of benthic organisms – 

аmphipods, isopods, sand lance – at 60 benthos stations in the Piltun feeding area), and noise 

levels (permanent recording of noise in the 2-15 000 Hz frequency range at 12 fixed stations 

located inside and at the border of the Piltun feeding area). 

Two key conclusions are drawn from the analysis. First, the benthic prey biomass distribution in 

the Piltun feeding area has a dominant role in the spatial distribution of gray whale in this area. 

Assessment of the interrelation between whale distribution benthic prey abundance is 

indicative of their sufficiently high degree of contingency. The second key conclusion drawn 

from the analysis is that there is not a discernable, consistent trend that links WGW distribution 

to acoustic noise generated by routine Company activities and that there is a high degree of 

intra- and inter-annual variability in these dataset. For the statistical methods utilized for this 

analysis, differences in temporal and spatial scales of the data arrays hindered the use of formal 

statistical criteria in processing the results of comparison; alternative analytical approaches are 

being considered. 



Okhotsk-Korean Gray Whale Monitoring Program Integrated Analysis 

 

                     Moscow State University  6 

1. Introduction 

Exxon Neftegas Limited (ENL), operator of the Sakhalin-1 project, and Sakhalin Energy 

Investment Company, Ltd (Sakhalin Energy), operator of the Sakhalin II project, are developing 

oil and gas reserves on the continental shelf off northeast Sakhalin Island, Okhotsk Sea, Russia. 

These projects are located in proximity to habitat used by the population of the Okhotsk-

Korean or Western North Pacific gray whale (Eschrichtius robustus), hereafter referred to as the 

western gray whale (WGW). The WGW population is listed as “Category 1” in rarity status in the 

Russian Red Book and as “Critically Endangered” by the International Union for the 

Conservation of Nature (Hilton-Taylor 2000).  

Since 2002, ENL and Sakhalin Energy (Companies) have jointly funded a multi-disciplinary 

research and monitoring program known as the Joint Western Gray Whale Monitoring Program 

or, in short, the Joint Program.  

The Joint Program, which is focused on studies of the gray whale on the northeast Sakhalin 

shelf, Russia, has provided critical information about the WGW, their benthic prey, and their 

habitat (Figure 1). 

This information allows assessment of the status of the gray whale population offshore NE 

Sakhalin, and of the whale’s habitat and food resources. Furthermore, the results of the Joint 

Program can be used to assess whether Companies activities have an adverse impact on the 

gray whale population and to implement measures to mitigate risks to the gray whale and 

habitat.   

The Joint Program has made it possible to: 

• Determine the boundaries of the WGW primary feeding areas off NE Sakhalin; 

• Estimate the size and seasonal dynamics of the WGW population; 

• Create a Russian photographic identification catalog of WGW; 

• Determine the start and end of the WGW summer-fall feeding period; 

• Determine WGW primary gathering locations and understand seasonal and spatial 

distribution dynamics; 

• Understand the WGW behavioral characteristics and responses to sources of potential 

disturbance; 
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• Characterize WGW food resources and links between WGW distributions and food 

resources; 

• Determine WGW movements among the known primary feeding areas; 

• Investigate the acoustic environment both within and outside the Sakhalin feeding 

areas and to assess potential impact of anthropogenic noise on WGW distribution; 

• Implement mitigation strategies that minimize the potential impact of the Companies 

activities on the WGW population. 
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Figure 1 Geographic area of the Joint Western Gray whale Monitoring Program. 
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The Joint Program currently consists of the following components: 

1. Monitoring of acoustic noise levels 

2. Vessel- and shore-based surveys of gray whales distribution; 

3. Monitoring of benthic prey; 

4. Photo-identification of gray whales. 

An overview of each of the Joint Program components is provided below. 

1.1 Acoustic Monitoring 

Acoustic monitoring of underwater sound levels and propagation was conducted to understand 

ambient and anthropogenic noise and their variability within the monitoring areas. The 

objectives of acoustic monitoring were to determine: 

1. Ambient (i.e., natural) and anthropogenic noise levels within and outside WGW 

feeding areas during the monitoring periods; 

2. Spatial and temporal variability (intra- and inter-annual) of acoustic levels (i.e., 

amplitude and frequency characteristics); 

3. Influence of weather conditions on ambient noise levels; 

4. Anthropogenic sources of measured noise levels. 

Recording of absolute acoustic sound levels at 2-15,000 Hz frequency range at fixed station 

locations at the edge of and inside the Piltun feeding area and at a control station north of the 

Piltun feeding area has been conducted annually since 2003. The methodology of the acoustic 

monitoring and results are described in Borisov et al. (2013). Acoustic monitoring was led by Dr. 

A. Rutenko, Pacific Oceanological Institute of the Far Eastern Branch of the Russian Academy of 

Science (POI FEB RAS) in Vladivostok. 

1.2 Whale Distribution Surveys 

Whale distribution surveys in the Sakhalin feeding areas were conducted each year from 

vessels (2001-2012) and from the shore (2004-2012) by the teams of experienced marine 

mammal observers. From 2001-2005, surveys were conducted by aircraft. Figure 2 shows the 

location of the vessel-based transects and the shore-based locations for the distribution 

surveys. The methodology of the distribution surveys is described in Vladimirov et al. (2013). 

Figure 3 shows WGW average estimated density map based on 2001-2012 aerial, vessel and 
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shore-based distribution survey data (from Fadeev et al. 2013a). This component was led by Dr. 

V. Vladimirov, Russian Fisheries Research Institute (VNIRO) in Moscow. 

The objectives of the WGW distribution surveys were to:  

1. Determine WGW occurrence, distribution, and abundance in the Piltun and Offshore 

feeding areas on a daily and seasonal basis,  

2. Determine occurrence and distribution of cow-calf pairs; 

3. Determine the variability in intra- and inter-seasonal occurrence, distribution, and 

abundance of WGW in the feeding areas; 

4. Obtain data used to assess the influence of anthropogenic activities on WGW 

distribution and abundance in NE Sakhalin. 

5. Obtain data use to develop mitigation measures that can be adopted by Companies to 

minimize WGW impact. 

1.3 Benthic Prey Monitoring 

The primary objective of the benthic study was to document variation in benthic prey 

composition, distribution and abundance in and close to the two known gray whale feeding 

grounds and at gray whale feeding locations. This information is important in understanding 

correlation between food reserves and gray whale distribution and movements. Benthic, 

epibenthic, plankton and sediment sampling has been conducted each year since 2002 at 

randomly identified, preselected locations in each of the 60 fixed monitoring grid cells in the 

Piltun feeding area (Fig. 3) and, as opportunity allowed, at locations where gray whales were 

observed feeding. The methodology of benthic studies is described in detail in Fadeev et al, 

2013a. This study has been led since 2002 by Dr. V. Fadeev, A.V. Zhirmunsky Institute of Marine 

Biology of the Far Eastern Branch of the Russian Academy of Science in Vladivostok (IBM FEB 

RAS) in Vladivostok.   

The objectives of benthic monitoring were to:  

1. Quantify benthic composition , distribution and abundance (colony density and 

biomass) of individual taxonomic groups and the most common species; 

2. Quantify epibenthic and plankton at select locations; 

3. Quantify sediment composition and distribution;  
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4. Assess the influence of sediment particle size distribution and hydrological 

parameters on the productivity and composition of benthos;  

5. Determine variability in benthos distribution and abundance within the WGW feeding 

areas;  

6. Quantify concentrations of high-priority pollutants (e.g., petroleum hydrocarbons, 

heavy metals and organochlorine pesticides) in sediment and polychaete species in the 

feeding areas. 
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Figure 2 Vessel-based gray whale survey transects in the Piltun and Offshore feeding areas, and in the 

Arkutun-Dagi and Piltun-Astokh license areas in 2012.  The locations of the 13 shore-based 

survey stations are also shown on the map (from Vladimirov et al. 2013a). 
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Figure 3 Western gray whale average estimated density map based on 2001-2012 aerial, vessel and 

shore-based systematic survey data (from Fadeev et al. 2013). 
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Figure 4 The benthos sampling grid in the Piltun feeding area along Sakhalin Island from 2002 to 2012 

(from Fadeev 2003). 

 

1.4 Photo-identification Studies 

Photo-identification studies were initiated in 2002 in order to identify individual whales and to 

understand whale population status, reproduction rates and body condition. Identification of 

individual animals provides information on population dynamics and demography, social 

structure, and individual life histories. In the longer term, it also provides information on 

population status and health. The methodology of photo-identification studies is described in 

detail in Yakovlev et al. (2013). This component was led by Dr. Yu. M. Yakovlev and O. Yu. 

Tyurneva, A.V. Zhirmunsky Institute of Marine Biology of the Far Eastern Branch of the Russian 

Academy of Science in Vladivostok (IBM FEB RAS).  Specific objectives of the western gray 

whale photo-ID study were to: 

1. Develop and update the photo-ID catalog with identification of each individual WGW; 

2.  Assess the physical status and health of individual WGWs; 

3. Assess fidelity of individual WGW visiting Sakhalin feeding areas;  
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4. Characterize WGW population demographics and structure;  

5. Characterize habitat use (i.e., intra- and inter- year movements of individual whales 

within each feeding area and among the Piltun feeding area, Offshore feeding area, and 

other areas (e.g.,  eastern Kamchatka); 

6. Assess the number, status, habitat use, and the observed dates of separation of 

cow/calf pairs. 

1.5 Integrated  Analysis  

Acquisition of a large volume of Joint Program data from 2002 to 2012, induced a need for its 

comprehensive analysis to expand understanding of WGW life cycle (including distribution, 

ecology, and behavior). The integrated analysis was initiated in 2011 by a team of experts from 

Moscow State Institute led by Associate Member of RAS Professor Evgeny Kriksunov. This 

report presents the findings of this analysis of the monitoring data of the WGW collected during 

the period of 2002 through 2012. The analysis integrates the data on the spatial distribution of 

gray whales, the distribution of forage benthos, and data on the acoustic sound level in the 

Piltun feeding area extending for about 120 km along the northeastern Sakhalin coast from the 

mouth of Ekhabi Bay in the north to the mouth of Chayvo Bay in the south (between N52°30' 

and N53°40'). 

The shallow Piltun feeding area has special importance for Sakhalin gray whale feeding, since it 

is the only known location near Sakhalin where WGW calves have been observed (Yakovlev et 

al. 2013; Vladimirov et al. 2013). In the Piltun feeding area, gray whales usually remain in 

shallow waters with depths up to 20-25 m, primarily within 4-5 km from shore. Other gray 

whale feeding areas, such as the Offshore feeding area, were not included in this analysis.  

The integrated analysis aimed to accomplish three primary objectives:  

1. Develop a methodology for integrating three datasets (i.e., whale distribution, benthic 

prey biomass, and acoustic loads) taking into account their varying temporal and spatial 

characteristics; 

2. Analyze the relations between the spatial distribution of gray whales and the key 

benthic groups; and 

3. Analyze the potential effect of noise (including industrial noises) on the spatial 

correlation between whales and forage benthos abundance.  

These objectives were accomplished using mathematical modeling and mapping techniques 

(based on geo-information systems (GIS)), that are described below.  
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2. Integrated Analysis Methodology 

As described above, unique methodologies were used by each of the scientific teams to acquire 

data on WGW distribution, benthic prey composition and abundance, and acoustic levels across 

the monitored areas.  The use of different methodologies by the monitoring teams resulted in 

the generation of three datasets that were independent of each other.   Although the three 

teams acquired their respective datasets during the same summer-fall feeding periods (i.e., 

years) and from the same feeding areas (Piltun and Offshore feeding areas), the exact timing 

and locations of data acquisition differed among the three teams, which resulted in both 

temporal and spatial differences among these datasets.  For example, the collection of benthic 

samples was typically conducted on days when the distribution teams were not able to work 

due to adverse weather (e.g., fog) or sea conditions (e.g., rough seas).  Conversely, on days 

when the distribution teams were able to work, the benthic team typically did not work since 

preference for use of vessel was given to the photo-ID team that could only work under 

favorable weather conditions.  In addition, the location within each of the 60 grids of the Piltun 

sample design where benthic samples were taken was randomly determined in advance of the 

expedition; whereas, the distribution of  where WGW were observed was documented on a 1 

Km2 system that was independent of the benthic sample grid system and on a different scale. 

Due to temporal and spatial differences in the datasets, standard (parametric) statistical 

approaches (such as correlations or multivariate analysis) that are based on an assumption that 

the data have similar structure could not be used for the integrated analysis. Instead, non-

parametric statistical approaches had to be developed specifically for the conduct the 

integrated analysis of the three datasets. This section outlines the evolution of the final 

methodology that was chosen to represent and analyze the data. 

The multi-year analysis of data of gray whale distribution, benthos biomass and acoustic load 

dynamics in Piltun feeding area was conducted with the application of mathematical-

cartographic modeling including the map-based studies of the spatial and temporal statistical 

aggregations and produced statistical surfaces (Berlyant, 1988, 2001). Mathematical-

cartographic modeling based on automatic facilities are used for the development of thematic 

maps of various application. This implies a possibility of computer analysis and synthesis in 

classification of geo-systems of varying dimensions (Sventek and Chistov, 1985; Сhistov and 

Suetova, 1995). 
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All experiments were based on the GIS-technologies which imply the availability of a unified 

cartographic material of the study area as well as databases (attribute tables) referenced 

strictly to coordinates. Attribute tables were built on monitoring findings; however, since data 

on the gray whale distribution and benthos abundance have different structures, analytical 

distribution charts were built with the application of different methods. 

A number of iterations of maps were produced and analyzed in the course of the works by a 

team of experts from Moscow State University, IBM FEB RAS, POI, ENL, SEIC, and LGL. Three 

data sets were outlined in the comprehensive analysis: gray whale distribution, benthic prey 

biomass density, and acoustic noise levels.  Methodologies for the analysis of each data set are 

presented in the following manner:  

1. Discussion on the evolution of approaches to data analyses for the respective dataset. 

2. Final methodology that was derived through iterative discussions and consensus 

amongst experts. 

2.1 Gray Whale Distribution 

Cartographic assessment of whale distribution in different years was based on the analysis of 

the total animal dataset of WGW observed within each 1 km2 grid cell during the entire period 

or for specific months (e.g. August, September). Whale distribution information was formed as 

follows: a GIS attribute table of whale distribution was created under a regular 1 km2 grid, with 

each cell strictly corresponding to coordinates. The equal probability classification procedure, 

indicating total number of whales registered within each grid cell within the specified period of 

time was applied to divide all array elements in three classes in such a way that probability of 

attributing a particular array element to one of the selected classes equals 0.33. Density classes 

were mapped in three color gradations. 

2.2 Benthic Prey Distribution 

For the benthic prey distribution dataset, the GIS mapping procedure was preceded by a 

preliminary preparation of baseline data. This particularly related to the information on the 

vessel-measured productivity of different types of benthos. It is assumed (Fadeev, 2011) that 

benthic crustaceans (i.e., amphipods and isopods) are the most important component of the 

western gray whale food reserve. Another important food component is the sand lance. 

Prepared benthos sampling tables were used for the selection of crustacean dominant species, 
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with the computation of their respective biomass density (in g/m2). Benthic prey data were 

accompanied by sampling coordinates and certain hydrological characteristics. Cartographic 

assessment of benthos biomass was implemented with the application of the isoline method of 

reserve estimations. Its use was conditioned by the specifics of benthos monitoring when the 

sampling stations’ coordinates keep changing every year, while at the same time, remaining 

within the strict area boundaries of whale distribution (grid cells). The main interpolation 

algorithm selection criterion was considered to be the conformity degree of the final 

distribution picture with empirical data.  In all events, it is assumed that benthos species of 

feeding value to the gray whale are available in practically the whole surveyed water area. 

Similar to the whale distribution data, the feed benthos indicators (in g/m2) are also subdivided 

into three classes through the application of the equal probability classification method.  As an 

example, Figure 5 shows model results of the spatial distribution of amphipods and isopods in 

2004.  
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Figure 5 Overlap of the Spatial Distribution of WGW and Forage Benthos Biomass in 2004. 
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2.3 Integrated Distribution of Gray Whales and Benthic Prey  

The development of integrated maps within the system of the "whales vs. benthic prey" 

was made by overlaying of two digital layers containing data on the spatial distribution of 

analyzed indicators (i.e., WGW distribution and benthic prey biomass distribution).  Since three 

density gradations were identified for each layer, there are 9 possible classes of their overlays 

(see Figure 5 which shows a map of overlaps for the year 2004 as an example). For each 

monitoring year (2002-2012), absolute (in km2) and relative (as a percentage of the total 

feeding area) size of the areas occupied by each class of interrelation were calculated. While 

conducting an integrated analysis, the database structure of the developed GIS-system allows 

operating both the summary indicators of benthic prey biomass (i.e., amphipods, isopods and 

sand lance) and abundance indicators of its individual groups.  

Integrated analysis of gray whale distribution and benthic prey distribution was carried out in 

several phases: 

Phase I: 

In Phase I, the analysis focused on determining the integration within the "whales vs. 

benthic prey" system using two years of monitoring data (2004 and 2008).  These two 

years were identified as years of little industrial activities by the Companies (however, 

the activities of other parties have not been accounted for). Total biomasses of 

amphipods, which were considered to be the preferred prey for gray whales, were 

examined as indicators of the abundance of food resources. The estimates of whale 

densities were based on the number of their observed appearances per square 

kilometer of the grid (adjusted for the survey efforts applied), and estimates of the 

benthic, used in the analysis, were interpreted as integral and season-average 

estimates. Following of the initial analysis, it was decided to use the combined 

biomasses of amphipods and isopods as an indicator of forage resource distribution as it 

was demonstrated that these organisms are gray whales’ preferred food prey (Dunham 

and Duffus 2001; Meier et al 2007). 

Phase II: 
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Phase II was characterized by experimental works aimed at the creation of specific 

analytical thematic GIS maps. The key attention was paid, first, to the search for 

statistically justified boundaries for maps’ displayed parameters, secondly, to the 

substantiation of the mathematical-cartographic modeling methods for map generation 

with an account of the specifics of quantitative information binding, and finally, to the 

creation of the total map series as such. It should be noted that outcomes of these 

experiments were discussed on an on-going basis at meetings the specifics of map-like 

representation and the selection of modeling methods. Based on these discussions, it 

was deemed necessary to generate maps comprising not only the total monitoring data 

(2002 – 2012) but also individual data for August and September.   

Phase III: 

GIS was used for the generation of all types of integrated maps during Phase III. For this 

purpose a number of experiments were conducted (see below) with their results used, 

after discussions with the Company specialists, for the substantiation and selection of 

the mathematical-cartographic modeling and also the final map presentation options. 

The main focus of Phase III was on generating integrated maps within the "whale vs. 

benthos " system with the consideration of different modeling options of the spatial 

distribution of benthos and cartographic presentation, and later, on the generation of 

integrated maps reflecting complex linkages of whale distribution to benthic prey 

biomass and to noise levels in the Piltun feed area. 

The generated GIS analytical and integrated maps made it possible to carry out not only 

a visual analysis of spatial characteristics of surveyed monitoring parameters and their 

relations but also to construct annual mobility graphs, classify water area sites by 

characteristic group, calculate integrated areas, etc. In future the created GIS could 

serve as a basis to develop and implement appropriate statistical tools aimed at the 

identification of the interrelation between the assessed monitoring parameters and 

building various types of predictions. 

Changes introduced to the analytical methods at different stages of the survey were 

aimed at attaining more reliable estimations of correlations between whales and prey 

distributions. For example,  by taking into consideration “zero whale” observation 

values, or by using  benthic prey biomass categories (density classes) deemed to have 

biological significance (i.e., categories that, through literature searches, are relevant to 
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gray whale feeding patterns). A number of changes in the applied methodology were 

aimed at facilitating the perception and interpretation of results obtained, 

objectification and unification of data, as well as the choice of the time scale for their 

presentation.  The principal changes to the analysis methods are summarized below:  

 The spatial modeling of benthos distribution was carried out with the application of 

a uniform interpolation procedure (inverse distance weighted interpolation) best 

suited for the sampling plan.  

 Modeling of benthos distribution involved the application of new density classes (0-

40 g/m2, 40-60 g/m2, and >60 g/m2) meeting the characteristics of gray whale 

feeding conditions adopted by specialists (Danham and Daffus, 2001; Heide-

Jorgensen et al, 2012) and facilitates comparing these conditions in different years.  

 Some options were integrated under common types. Therefore, the “whale vs prey” 

color scheme used on integrated maps was simplified (i.e. the 9-color palette was 

reduced to a 3-color palette) which facilitated the interpretation of outcomes.   

 new water area classification was used based on whale density indicators, unified 

for all research years ( in particular: - <0.5, 0.5-1.0, >1.0 – whales per km2) as well as 

an additional category corresponding to “zero” for some monitoring cells. .  

 Presentation of results relating to the analysis of acoustic impacts to whale 

distribution is based not on the maps reflecting the gray whale distribution options 

(estimated number of observed WGW in each standard grid cell), but rather, on the 

feeding area maps characterizing the mere presence of whales in grid cells for each 

studied year. 

 The detailed analysis of the acoustic noise linkage to gray whale distribution was 

carried out through the change from average values per season in the Piltun area to 

distribution maps for August and September.  

 

2.4 Integration Assessment in the Spatial Distribution of Whales and 

Benthos Prey 

Gray whales visit the Piltun feeding areas every year. Localized hydro-environmental 

conditions, as well as the condition of incoming whales may be contributing factors to the 
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size and extent of the area that is utilized by the whales. Change in the size and shape of 

the Piltun feeding area is manifested by the total whale record frequency (i.e., observed 

whale distribution) and the   water area utilized by whales. Expansion of the zone utilized 

by whales usually coincides with an increased number of the feeding group of whales (as 

reflected in the observed frequency and distribution), and vice versa (Appendix I).  

Monitoring data for years 2004, 2005 and 2006 shows these to be the years of maximal 

whale numbers, while years 2002, 2003 and 2008 are characterized by lower whale 

numbers. The above picture of the spatial-temporal dynamics of whales in the Piltun 

feeding area demonstrates the occurrence of a “stable” zone that covers the southern 

part of the area along the Piltun foreland from 52°8´ to 53°5´ N.L. where whales are 

observed to frequent each year.  In years with a higher number of whales, yet another 

zone with high number of whales is formed – streamlined along the northern part of 

Piltun foreland. At times, (e.g. 2005, 2010), these two zones merge into a single, larger 

area. 

 

The spatial distribution of benthic prey is characterized by high year-to-year variability. 

Areas with a maximal benthic biomass are located along the coastline and present a 

continuous, yet sometimes a broken line, falling into individual spots facing the sea 

(Appendix I). The highest benthic biomass with the most homogeneous benthos density  

was found at shallow depths (down to the 15-16 m isobaths). With this in mind, the 

“expected” distribution of whale could be one where their distribution area presents a 

relatively continuous line 5-7 km from shore. This perspective is supported by the 

observed whale distributions in years 2005, 2006 and 2010.However,in some instances, 

the zone denoted as the feeding area is characterized by irregularity, with the formation 

of one or two zones of increased whale occurrence in areas adjacent to the southern and 

northern parts of Piltun foreland.  

 

Technically, the spatial integration is associated with the combination of variables when 

the low whale distribution coincides with the low density of benthos, medium – with 

medium density and high – with high density (integration of I, V and IX types). Since 

integrations of the said types constitute 33.3% of the total value (3 of the 9 possible), it is 

reasonable to assume that this value differentiates situations when the role of the food 

factor in whale distributions becomes prevailing (>33.3%), neutral or secondary (<33.3%). 
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Thus, all integration variety of different years can be classified with the consideration of 

the occurrence of I, V and IX integration types. As a result, the following three integration 

classes are formed:  

Class 1 – prevalence of I, V, and IX integration types in the water area. This situation is 

characteristic of data for years 2004, 2005, 2009, 2010 and 2011 (5 of the 10 surveyed 

years). Two of these – years 2005 and 2009 – , are especially prominent, with the 

integration share exceeding 40%.  

Class 2 – “neutral” situation when I, V, and IX integration types constitute 33% of the total 

number. The food factor effects in this case are indistinguishable from the occasional 

noise variables. This situation is characteristic of data for years 2002, 2003, 2006 and 

2007 (4 of the 10 surveyed years). 

Class 3 –prevalence of integration options substantially different from types I, V, and IX. 

Only one year (2008) during the whole monitoring period falls under this class. I, V, and IX 

integration types constituted around 25.5% of the total water area covered by 

monitoring. 

It is worth noting that localization of the IX integration type practically fully coincides with 

areas of the maximal whale observance. This refers to most of the surveyed years, 

including years 2003, 2006, 2007 and 2008 for which the role of the food factor is 

assessed as neutral or secondary. Thus, the common pattern is as follows: water areas of 

intense whale distribution include high-integration zones and vice versa – such zones 

are either missing or sporadic in water areas visited by a minimal number of animals.  The 

above allows speaking of the whale confinement to the water areas of highest food 

capacity. This confinement is not (and cannot be) absolute due to the hydrological and 

environmental diversity of the feeding area, constant movements of the animals whose 

behavior is determined by many factors, food being only one of them.  
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Figure 6 Variants of Presentation of the Whale presence/absence data vs. the Classes of Total benthic 

Biomass (August 2009 Data) 

 

The developed GIS system allowed receiving statistical data suitable for interpretation 

which can be viewed as estimated areas occupied by whales in zones with varying density of 

benthos. The whale-occupied area constitutes the total number of 1 km2 cells where whales 

were observed; In Table 1 summary estimates were made of areas occupied by whales with 

differences in benthic prey biomass (< 40; 40-60, and > 60 g/m²) during all monitoring years. 

Table 1 data are distributed by two main monitoring months (August, September) of the 

feeding season. 
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Table 1 Estimates of water areas occupied with gray whales in zones with various density of prey benthos.  

 

Year Month 

Total 
benthic prey 

biomass 
(g/m²) 

Whale recorded 
frequency 

Total water area 
occupied with 

whales within the 
Piltun feeding 

area, (km²) 
km² % 

2002 

August 

< 40 0 0 

30 40 - 60 1 3 

> 60 29 97 

September 

< 40 3 3 

91 40 - 60 15 16 

> 60 73 81 

2003 

August 

< 40 16 12 

136 40 - 60 7 5 

> 60 113 83 

September 

< 40 15 10 

153 40 - 60 5 3 

> 60 133 87 

2004 

August 

< 40 0 0 

338 40 - 60 10 3 

> 60 328 97 

September 

< 40 6 1 

377 40 - 60 36 10 

> 60 335 89 

2005 

August 

< 40 60 18 

330 40 - 60 34 10 

> 60 236 72 

September 

< 40 52 16 

329 40 - 60 40 12 

> 60 237 72 

2006 

August 

< 40 73 31 

235 40 - 60 66 28 

> 60 96 41 

September 

< 40 65 28 

233 40 - 60 60 26 

> 60 108 46 
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Table 1 continued. 

Year Month 
Total benthic 
prey biomass 

(g/m²) 

Whale recorded 
frequency 

Total water area 
occupied with 

whales within the 
Piltun feeding 

area, (km²) 
km² % 

2007 

August 

< 40 76 32 

237 40 - 60 61 26 

> 60 100 42 

September 

< 40 67 32 

207 40 - 60 49 24 

> 60 91 44 

2008 

August 

< 40 10 6 

82 40 - 60 10 6 

> 60 72 88 

September 

< 40 36 21 

170 40 - 60 33 20 

> 60 101 59 

2009 

August 

< 40 94 62 

152 40 - 60 36 24 

> 60 22 14 

September 

< 40 90 51 

178 40 - 60 43 24 

> 60 45 25 

2010 

August 

< 40 45 19 

235 40 - 60 58 25 

> 60 132 56 

September 

< 40 42 17 

245 40 - 60 53 22 

> 60 150 61 

2011 

August 

< 40 40 27 

149 40 - 60 34 23 

> 60 75 50 

September 

< 40 29 23 

126 40 - 60 29 23 

> 60 68 54 

2012 

August 

< 40 49 20 

245 40 - 60 45 18 

> 60 151 62 

September 

< 40 37 17 

212 40 - 60 33 16 

> 60 142 67 

 

The Figure 7 plots the interannual dynamics of  whale sightings in prey “rich” areas (> 60 

g/m²), in “average prey” areas (40 - 60 g/m²) and “low prey” areas (< 40 g/m²), separately for 

August and September. A pattern is visible: the largest area of sectors occupied by whales 
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coincides with the level with the highest density of forage benthos. The curve reflecting the 

dynamics of the size of these sectors is located above two other curves that correspond to 

zones with an average and low density of forage benthos. In other words, whale sightings are 

most frequent in water areas with the highest levels of benthic prey biomass.  
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Figure 7 Dynamics of the Size of the Gray Whale Sighing Area in the Piltun Feeding Area for Sectors 

with Various Levels of Biomass of the Forage Species (Amphipods, Isopods, and Sand 

Lance). Top Curve: August. Bottom Curve: September. 

 

There was one exception to the array of data analyzed which was for the year 2009, 

when the water area with high levels of benthos biomass observed in 2009 was extremely 
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small. It is also worth noting the small difference between the chart curves representing the 

whale distribution areas in zones with average and low density of forage benthos. For the 

analysis the “average” and “low” density zones could be combined, since the difference 

between the “average” and “low” benthic zones observed for most years was insignificant.  

Considering the above, WGW prefers feeding areas within Piltun zone rich in forage 

benthos which in broad terms well agrees with the independent research data published   (see 

Dunham and Daffus, 2001.; Heide-Jorgensen 2012, etc.)  

Conclusions based on the acquired data are as follows: 

1. Within the feeding area boundaries, the most stable zone where  WGW were 

observed is the southern area lying along the Piltun spit from 52°8´ to 53°5´ N.L. In 

years, when high numbers of whales were observed, either the extent of this area 

grew or an additional high distribution area was formed along the northern part 

of the Piltun spit. 

2. The alignment of the spatial whale distribution with the abundant benthos prey 

indicates high degree integration, indirectly demonstrating the predominant role 

of the food factor in the formation of the spatial whale distribution picture.  

The analysis of the integration dynamics carried out with the consideration of 

individual types of benthic prey shows that most attractive prey for whales were 

vast shallow fields with a high and relatively evenly spread amphipod biomass.  

3. Years of mass approaches (distribution) of whales to foraging and the formation 

of high distribution zones were characterized by an increased relevance of areas 

with high density of isopods.   

4. The most occupied with whales water areas within Piltun zone (monitoring grid 

cells within the whales are observed and recorded)  are the areas with high 

density of prey benthos.   

 

2.4 Acoustic Impact Assessment  

The third dataset used in the comprehensive analysis was formed on the basis of 

consolidated materials of the acoustic monitoring conducted each feeding season since 2003  

at fixed stations within the Piltun feeding area.   

The purpose of the acoustic monitoring was to provide an analysis and quantitative assessment 

of noise levels and changes caused by different sources (including natural and anthropogenic) 
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under different natural conditions. Acoustic buoys were typically deployed in the beginning of 

the field season. In the initial years of the program, buoys were limited by battery life resulting, 

on a number of occasions, in periods of non-recording. In recent years, buoys were deployed at 

the beginning of the season and, barring any technical issues, were able to record throughout 

the entire field season. 

 The locations of acoustic monitoring stations (i.e., buoys) in the Piltun feeding area are shown 

in Table 2 and Fig. 8. The overall acoustic load indicators are presented in Table 3 in the form of 

integral estimates of noise levels for successive time intervals each 10-days long. The 

corresponding values of SPLrms were obtained by the acoustic monitoring team experts using 

the following approach: the values of sonograms, G(f), were calculated during initial spectral 

analysis of the measurements of acoustic pressure variations p(t) in the frequency range of 2 to 

15,000 Hz in successive 1-second measurement gate periods, which were then reduced to 

absolute values in µPa2/Hz. The estimate of the spectrum of acoustic noises measured in the 

space of 1 minute, Ĝ(f), was calculated by averaging out the resultant values of periodograms 

calculated for 60 successive measurement gate periods (for 1 minute). In other words, the 

power spectral density of variations, p(t), in the 1 Hz band was determined. Integrations were 

then performed in various frequency ranges and the values of dispersion, D(Δf), of the 

measured acoustic noise were accordingly determined in the frequency range Δf = 20-5,000 Hz.  

Table 2 Parameters of acoustic monitoring stations 

 

Station  Latitude Longitude Depth 

Orlan Орлан 52°21´36´´ N 143°35´00´´ E 32 m 

Piltun-S Пильтун-Ю 52°40´51´´ N 143°22´34´´ E 13 m 

Piltun Пильтун 52°49´18´´ N 143°24´54´´ E 20 m 

PA-B-10 ПА-Б-10 52°53´2.1´´ N 143°20´10.6´´ E 10 m 

PA-B-20 ПА-Б-20 52°54´00´´ N 143°23´20.5´´ E 20 m 

Odoptu-PA-B Одопту-ПА-Б 53°00´00´´ N 143°21´18´´ E 20 m 

Odoptu-S-10 Одопту-Ю-10 53°03´42´´ N 143°18´18´´ E 10 m 

Odoptu-S-20 Одопту-Ю-20 53°03´42´´ N 143°19´58´´ E 20 m 

Odoptu-N-10 Одопту-С-10 53°09´06´´ N 143°17´24´´ E 10 m 

Odoptu-N-20 Одопту-С-20 53°09´06´´ N 143°18´42´´ E 20 m 

Control Контрольная 53°25´57´´ N 143°11´06´´ E 20 m 

Molikpaq Моликпак 52°45´52´´ N 143°26´38´´ E 24 m 
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Figure 8 Locations of acoustic monitoring stations in the Piltun feeding area 
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Table 3 Information on 10-Day and Monthly Noise Levels for Acoustic Monitoring Stations 
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When acoustic noise calculations are done in dB, the level of dispersion coincides with the rms 

acoustic sound level within the specified range Δf, in dB. Therefore, the value of SPLrms (20-

5,000 Hz) obtained over the time interval of 60 seconds is the first discreet value for the 

assessment of acoustics noises at the given monitoring point. Further identified were 

corresponding discreet values for periods of 24 hours, 10 days, 1 month, 2 months, etc. Error! 

Reference source not found. shows a fragment of data representing the dynamics of daily 

noise levels in August and September 2009, calculated for two fixed acoustic monitoring 

stations: Odoptu-N-10 and Odoptu-N-20. Figure 12 shows acoustic spectra sonogram for 2012 

season (control point). 

The preliminary analysis stage, which was aimed at refining the methodology and integrating 

the acoustic data into the distribution/benthic prey biomass maps, involved a cartographic 

assessment of the effect that noise had on the patterns of spatial and temporal dynamics of 

gray whales in 2009 and 2010. Used as the acoustic load indicator during analysis were average 

monthly discrete estimates of acoustic sound levels, divided into the following intervals: < 110 

dB; 110 – 120 dB; > 120 dB (at later stages, the boundaries for the selected intervals were 

specified based on the acoustic data statistical analysis, see below).  

The results of the mapped analysis are plotted in Error! Reference source not found.: Acoustic 

Monitoring Results vs. the Overlap Maps for August and September 2009 and 2010, where 

the acoustic data averaged by month are depicted as pie charts on the overlap maps of whale 

distribution and benthos density (9 types of overlaps). The color palette of the pie chart 

corresponds to the noise level (color density within the circle corresponds to one of three noise 

levels). 
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Figure 9 Fragment of Data on the Daily Noise Levels in August and September 2009, for Two Monitoring Stations: Odoptu-N-10 and Odoptu-N-20
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Noise levels at acoustic monitoring 
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Noise levels at acoustic monitoring 
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Figure 10 Acoustic Monitoring Results vs. the Overlap Maps for August and September 2009 and 2010  
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As shown in Error! Reference source not found.,noise intensity grades initially chosen to 

present acoustic data do not provide for the resolution sufficient for the analysis (noises 

registered by most stations are within the 100-120 dB range). Therefore, boundaries of the 

highlighted acoustic noise intervals were corrected basing on the statistical analysis of 

frequency distribution of the observed SPLnns values (Fig. 11). The results of statistical 

processing of the distribution produced the following estimated categories of noise levels: 

<105; 105 – 115; > 115 dB. for each year of monitoring and with the consideration of data 

received on the noise level daily dynamics in August and September (examples provided in 

Table 2 and Fig. 8), the following was calculated for all acoustic stations: the number of days 

with the abovementioned noise levels and noise level interval shares (Table 4). This data served 

the basis for the development of new pie charts located at noise level monitoring points. In the 

pie charts specific to each acoustic monitoring station, the color of each sector reflects a noise 

level; the area of each sector represents the relative duration of noise during the recording 

period. 

This visualization (Figure 13) was chosen as the final representation of integrated data. 

 

Figure 11 Frequency Histogram of Noise Levels of Different Intensity During the Period of Monitoring  
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Figure 12 A sonogram of acoustic spectra at Control station integrated for the entire season of 2012.  

Red lines show unusually high levels of received (ambient) sounds during the storms. The 5-

day long red line shows a major typhoon (19-24 September). 
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Table 4 Data for Calculation of Pie Chart Parameters (Based on August 2009 Data) 

 

Acoustic stations 
Number of days with this noise level (August 2009) Recording 

period (Units??) < 105 dB 105-115 dB > 115 dB 

Control 6 1 1 8 

A10 19 2 2 24 

A9 16 6 2 24 

Odoptu PA-B 6 0 1 7 

Odoptu N-10 1 12 5 18 

Odoptu N-20 4 13 8 25 

Odoptu S-10 23 5 2 30 

Odoptu S-20 16 9 6 31 

PA-B-10 25 0 6 31 

PA-B-20 8 18 3 29 

Piltun 3 19 1 23 

Molikpaq 0 6 15 21 

Piltun-S 18 7 2 27 

Orlan 2 1 0 3 

Acoustic stations 
Percentage (%) of the interval of noise levels for the 

corresponding monitoring stations (August 2009) 

< 105 dB 105-115 dB > 115 dB 

Control 75 12.5 12.5 

A10 79 10.5 10.5 

A9 67 25 8 

Odoptu PA-B 86 0 14 

Odoptu N-10 6 67 27 

Odoptu N-20 16 52 32 

Odoptu S-10 77 17 6 

Odoptu S-20 52 29 19 

PA-B-10 81 0 19 

PA-B-20 28 62 10 

Piltun 13 83 4 

Molikpaq 0 29 71 

Piltun-S 67 26 7 

Orlan 67 33 0 

 

In addition to the acoustic load measurements made using the acoustic buoys in the western 

gray whale feeding areas, identifying the sources of noise, specifically, by natural and 

anthropogenic acoustic impact categories was of interest. Data from the reports on various 

events occurring in the survey area, .e.g. storms, certain type of industrial activity, vessel 

operation, etc., may help classify the sources. Selected materials (see AppendixХ1) compiled by 

the acoustic monitoring team and their analysis vs. the noise levels observed over several years 

(general acoustic monitoring program continued from 2003 while detailed monitoring program, 
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from 2006), indicated that industrial operations carried out at the Companies’ facilities 

manifested themselves more in the following years: 

 2006, August and part of September (assembly of the РА-В platform’s topsides on to the 

concrete substructure, underwater pipeline construction activities and the pipeline 

hook-up to the platforms), 

 2007, August and part of September (high-level anthropogenic noise from the 

operations on or near the PA-B platform, high-level anthropogenic noise from pipeline 

operations and Molikpaq hookup, tests of TLP including acoustic signal emission), 

 2010, August, September (active traffic of supply vessels, seismic surveys in the 

Lebedinsky block–north of Odoptu-N, high level of noise from Molikpaq)  

In terms of the acoustic load levels, one may conclude that year 2008 was the quietest, in spite 

of the longest storm that lasted 5 days that year, while monitoring stations recorded remote 

noise from the seismic operation. 

Years 2009, 2011 and 2012 were seen as moderate in regard to the anthropogenic noise levels. 

In 2009, piling operations were under way in the acoustic monitoring stations area at Odoptu 

field throughout August and part of September. Noise levels from platforms (excluding 

Molikpaq) were low. The anthropogenic noise area reached the central part of the Piltun 

feeding area. In 2011, anthropogenic acoustic noise was registered by the acoustic stations in 

the central and southern sectors of the Piltun feeding area. In 2012, another year when 

anthropogenic noise levels were moderate, the noise area overlapped with the southern 

sector.  

The comparison of the event records associated with the occurrence of noise and acoustic load 

levels recorded at acoustic stations highlights the fact that the seismic survey was the most 

powerful source of anthropogenic noise. Molikpaq platform was one constant and significant 

source of anthropogenic noise; acoustic monitoring stations positioned near the Molikpaq 

platform essentially always (throughout the entire period of monitoring) register noise levels 

that exceed noises from other facilities (except for seismic operations). This is why the southern 

part of the Piltun feeding area had the most noise of the monitored areas.  Each year, storms 

had significant impact to noise levels, which was typically reflected as synchronous increase of 

acoustic impact registered at all monitoring stations. 
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2.5 2.5 Comprehensive analysis and interpretation of the available data sets 

Figure 13 provides a high-level illustration of the databases consolidation process employing 

iterative processes applied to each data category.   
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Figure 13 Algorithm of Analysis of Spatial Gray Whale Distribution in View of Acoustic Monitoring 

Data. 

 

The summary of data types shown in the consolidated maps (Appendix Х1) includes the 

following:  

1. Map of whales occurrence area (excluding record replication); 

2. Cartographic model of benthic prey distribution with density gradations <40; 40-60; > 60 

g/m²; 

3. Average sound pressure levels (SPLrms) measured at each acoustic monitoring station 

within the following ranges of values: <105 dB, 105-115 dB, >115 dB.  

The set of maps (for 2013 example refer to Fig. 14) shows the results of combining the whales 

occurrence area, benthic prey biomass and the noise level at the acoustic monitoring stations 

between 2003 and 2012. The maps received reflect the situations characteristic of August and 

September over each year. As noted previously differences in temporal and spatial scales of the 
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three dataset hindered the use of standard, parametric statistical criteria in processing the 

results of comparison.  

  
Figure 14 Cartographic Combination of Data on Whales Occurrence, Benthic Prey Biomass and Noise 

Intensity. (see Appendix II) 

 

On the basis of the qualitative comparison of monthly maps over various years, one can see 

quite significant intra- and inter-annual variations in all the three data arrays (with the 

exception of benthic prey biomass, which, due to averaging over the season, shows no intra-

annual variability). Several notable years are discussed below. 

To assess the potential impact of noise on the whales distribution, it is worthwhile to pay 

attention to the months and years when acoustic load in the Piltun feeding area or its individual 

sections reached the maximum values. As noted above, these include 2006 (August), 2007 

(August), and 2010 (August and September), and partially 2005 (August). Within the said years 

and months, higher noise levels were observed compared to other periods. It should be noted 

that in certain cases, the recording period can also be of importance in terms of noise impact 

intensity.  

Based on the results of the qualitative analysis of the mapped data, a stable pattern in the 

response of WGW to acoustic noise could not be discerned. For example, when sound levels 

Classification of water areas by total 

density of biomass (isopods, amphipods 

and sand lances) and whale sightings, 

August 2005 

Classification of water areas by total 

density of biomass (isopods, amphipods 

and sand lances), 

September 2005 
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decreased from August 2005 to September 2005, a marked shift in the WGW’s distribution was 

not observed. During these two months, whales were recorded along almost the entire area of 

the Piltun feeding area. 

In August 2006, whales were observed in the area of the stations located to the south of the 

Odoptu PA-B station, where the PA-B platform was being installed. It should be mentioned that 

that year, the said areas saw a poor development of feed benthos. Yet despite the low density 

of benthos and platform activity, whales were active in utilizing the said areas, probably, in 

search of the most suitable feeding areas. In September, the noise level in the said areas 

decreased. It is notable that, at the same time, the water zone occupied by whales in said area 

slightly reduced (the area where the observers recorded the presence of whales. Although 

there was a reduction in noise levels, whales were observed leaving the area.  

In 2007, the area of high feeding benthos productivity partly coincided with the areas where 

noise was recorded as associated with the operation of the PA-B, Molikpaq platforms 

(especially noticeable in August), as well as noise from the survey at TLPc accompanied by 

emission of acoustic signals (August 2-8). The strong noise had no effect on the whales’ 

distribution that actively utilized noisy, but highly productive water areas in August and 

September.  

In the series of "noisiest years", the year 2010 was especially notable with durable noisy 

periods recorded both in August and September, noise level exceeding 115 dB. That year, the 

noise level significantly increased within August – September recorded at all acoustic stations, 

south of the Odoptu North 10 station. Especially strong noises were recorded by acoustic buoys 

in the central part of the feeding area (from August 18 to November 13, a seismic survey was 

carried out in the Lebedinsky field to the north of Odoptu-N). Therewith, highly productive 

feeding benthos areas were located along the entire Piltun bar. Despite the anthropogenic 

noise, whales compactly arranged in the feeding areas, occupying almost all of it. From August 

to September, the configuration of the whales recording region remained practically 

unchanged.  

As stated before, the permanent, significant source of anthropogenic noise was apparently the 

Molikpaq platform. At least, the acoustic stations located near Molikpaq platform recorded 

noise intensity, that exceeded the noise from other objects of industrial activity (except for 

seismic survey) almost continuously (over the entire observation period). Therefore, the 

noisiest part of the Piltun feeding area was its southern extremity. The acoustic station of 



Okhotsk-Korean Gray Whale Monitoring Program Integrated Analysis 

 

                     Moscow State University  46 

Molikpaq was located on the southern border of the Piltun feeding area, and coincides with the 

intensive development of feeding benthos during certain years only. Such coincidence occurred 

in 2008 only, within the remaining years that part of the area could be considered as secondary 

or transit in terms of whales’ feeding conditions. However, even at the time of extremely poor 

feeding benthos development, whales were always present in the area adjacent to the acoustic 

station of Molikpaq. The area where WGW were recorded was related mainly to the way the 

feeding benthos fields develop: in case of benthos uniform distribution whales strictly adhered 

to highly productive areas, with mosaic food distribution whales recording areas increased. 

Thus, the whale observations failed to identify any notable changes in their distribution 

associated with acoustic noise. 

Strictly speaking, the transition to biologically justified (relevant) gradations of benthos density 

used for analysis of acoustic impacts was not a valid technique for contingency analysis in the 

spatial distribution of gray whales and their benthic prey. In this sense, concepts of spatial 

coincidence of the whales’ distribution areas and feeding benthos development obtained in this 

section may be slightly different from contingency maps presented in Section 2 and prepared 

on the basis of an equal probability classification procedure. The equal probability classification 

procedure provides density gradations varying in years; it is appropriate when focusing on 

matching (or a mismatch) of regions of distribution of different groups of organisms within each 

year. However, in this case the inter-annual variations were poorly considered in their spatial 

benthos distribution. And vice versa, the transition to so called "relevant" categories of benthos 

abundance allows to record inter-annual variability in water areas differing by productivity, but 

such a transition hinders analysis of spatial contingency of whales and their prey organisms 

during each year. 

Nevertheless, the derived maps largely confirm the earlier conclusions reached during the 

contingency analysis in “whales vs. food” system. Such maps give an indication of a possible 

factor that affects the whale distribution. Heide‐Jorgensen et al et al. (2012) state that gray 

whales prefer areas with a high-density benthic biomass (in our study such value was assumed 

being >40 g/m2). Our data was consistent with this observation: in particular, for gray whales to 

feed and remain in one and the same area, a "critical mass" of benthos should be available in 

the area (or in several adjacent areas). So, in 2008, the area of high-density biomass of feeding 

benthos (>60 g/m2) had the appearance of a narrow strip extended along the coast with 

benthos accumulation in the southern part of the feeding area. In August, 2008, the gray 
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whales distribution almost completely coincided with such abundant coastal areas. In 

September, individual whales were observed outside the said area, however, most of whales 

were observed within the area of high benthic biomass.  

In 2009, the area with high benthic biomass was significantly reduced in size. The length of 

benthos rich areas in the direction from north to south was a few dozens of kilometers. In 

August of the same year, whales were seen within the narrow coastal strip lining up the entire 

Piltun Bay. By September, however, most of whales were seen concentrated in a small area, 

rich in feeding benthos. 

In 2011 and 2012, water areas where whales were recorded, again coincided with the areas 

with high benthic biomass, though individual benthic species were also observed to the north 

of the feeding areas with low biomass level (<40 g/m2). Only in certain years the number of the 

whale registered observations did not correlate with the level of the benthos density in certain 

zones within the feeding area (for example in 2007 several areas with higher benthic biomass 

(>60 g/m2), were not occupied with whales). 

On the whole, a rather close coincidence of areas where whales were observed and areas with 

high density of feeding benthos was registered during those years when the distribution areas 

of food abundant zones merged into one continuous territory that occupied part of the Piltun 

feeding area. This applies to the 2003, 2004, 2008, 2010, and 2012. Conversely, the spatial 

coincidence of the "whales vs. benthic prey" system was interrupted when the distribution of 

feeding benthos becomes irregular, sporadic, and was observed in several individual relatively 

small areas. According to data derived from the maps study, we cannot clearly establish a trend 

indicating that increased sound levels have led to a change in this relationship.  
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3. Conclusions 

The results of the integrated analysis prompt the following conclusions: 

1. The maps presented in this report represent data on interrelation of two variables 

(benthic prey biomass and acoustic sound levels) that influence whale distribution in the 

Piltun Feeding Area. The analysis of other variables (e.g., a multivariate analysis) that 

may be relevant was beyond the scope of this research. 

2. For the period of 2003 through 2012 data on whale observation in the Piltun feeding 

area including zones with various noise levels reveal that there is a high degree of intra- 

and inter-annual variability in whale distribution.  

3. There was no apparent, consistent trend that could be discerned linking increased 

sound levels to changes in whale sighting /distribution.   

4. There is a pronounced link between higher (> 60 g/m2) benthic prey biomass and the 

number of gray whale sightings within those water areas. Linkages between the areas of 

gray whale sightings and zones with high benthic prey density were the strongest in 

years when food-rich sectors of the feeding area merged into single uniform zone. 

Overlaps in the "whales – benthic" system were disrupted in years when the spatial 

distributions of forage benthos were uneven.  This suggests that whales had to settle for 

lower biomass of forage benthos and/or spent more time moving between and 

searching for food.  

5. A comparison of the estimated sizes of whale sighting areas in zones with various levels 

of abundance of forage benthos (less than 40; 40-60, and more than 60 g/m²) shows 

that the largest area of sectors occupied by whales coincides with the zone with the 

highest density of forage benthos.  

6. The quantitative integration of temporally- and spatially-incongruent datasets was not 

possible using standard parameter statistical approaches and, therefore, was not 

accomplished with the WGW monitoring program datasets. However, the 

methodologies that were ultimately used for the integrated analysis provided results 

that lend themselves to insightful, qualitative conclusions of the linkages of WGW 

distribution to benthic prey biomass and to acoustic sound levels in the Piltun feeding 

area. 
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Appendix I.  Maps of gray whale distribution vs. distribution of 

benthic prey (2002-2012) 
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Appendix II.  Maps of whale distribution vs. acoustic sound levels 

(2003-2012) 


