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ABSTRACT 

 

A new, innovative method is emerging in the field of wildlife monitoring: the use of very high resolution satellite 

imagery. With a sub-metre resolution, large-sized animals such as baleen whales can now be detected. This is the 

first study on baleen whale using the WorldView-3 satellite, which has a maximum spatial resolution of 31cm 

and is the highest resolution satellite presently in orbit. In order to investigate the possibility of identifying, 

counting and differentiating between mysticete species we acquired satellite images from four different locations 

to target the breeding or feeding grounds of four candidate species: fin (Balaenoptera physalus), humpback 

(Megaptera novaeangliae), southern right (Eubalaena australis) and gray whales (Eschrichtius robustus). Visual 

and spectral analysis of each species and their surrounding environment were conducted. All species were 

successfully manually detected, this includes the first observations from satellite for fin and gray whales. The 

visual analysis highlighted morphological differences between some of the targeted species with some species 

more discernible than others, such as the gray and fin whales which were more confidently identified due to their 

calm behaviour and light body colouration. The white head callosities, typical of southern right whales, were 

observed on some individuals. The spectral analysis showed no major differences between the species or with 

their surrounding waters suggesting that object-based rather than spectral analysis may be the most useful 

approach for auto-detecting whales in future. These results confirm the potential of using satellite imagery to 

study baleen whales. 

 

INTRODUCTION 

 

Surveys to monitor whale abundance are a crucial means of assessing numbers, densities, trends, distribution and 

population status, particularly for populations which are still recovering from whaling (Reeves and Smith, 2003; 

Roman and Palumbi, 2003) and for those which suffer anthropogenic impacts such as ship strikes and 

entanglement in fishing gear (Mazzuca et al., 1998; Laist et al., 2001; Mayol et al., 2008; IWC, 2011; Vaes and 

Druon, 2013; IWC, 2015). Currently, nine out of fourteen of the baleen whale species are recorded on the IUCN 

Red List either as one of the threatened categories (i.e. critically endangered, endangered and vulnerable) or as 

data deficient (IUCN, 2016). Therefore for the majority of baleen whale species, there is a strong conservation 

based rationale for monitoring abundance and distribution range (Reilly et al., 2008; Reilly et al., 2013).  

 

Presently, whale population sizes and distributions are assessed via boat, land or aerial surveys (e.g. Forcada et 

al., 1995; Panigada et al., 2011; De Jesús et al., 2014). In this study they are regarded as traditional methods, all 

of which present definite advantages (e.g. species differentiation, individual identification). However, none of 

them enable the simultaneous monitoring of large geographical ranges, and, or locations less accessible by boat 



and plane (Fretwell et al., 2014; McMahon et al., 2014; LaRue et al., 2016). Since most baleen whales are highly 

migratory (Rugh et al., 2001; Mate and Urbán-Ramirez, 2003; Rasmussen et al., 2007; Jefferson et al., 2015), 

there is a need to survey vast areas for good understanding of migratory routes and of whale distribution and 

habitat use in each key seasonal habitat. Furthermore some mysticete species, are thought to occur in remote 

areas and could be present in other similarly inaccessible locations, such as Omura’s whales (B. omurai) north of 

Madagascar and sei whales (B. borealis) off the southern Chilean coast (Nieukirk et al., 2004; Mellinger et al., 

2007; Cerchio et al., 2015; Häussermann et al., 2017). The challenges of studying large and remote areas could 

potentially be assisted by utilising the presence of very high resolution (VHR) satellites orbiting the Earth 

(Abileah, 2002; Fretwell et al., 2014; LaRue et al., 2016). 

 

VHR satellites provide images with a spatial resolution below the metre, which means features the size of baleen 

whales (i.e. 10-33m) could hypothetically be observed using them. In 2002, Abileah tested this idea with 

IKONOS (spatial resolution: 82cm panchromatic and 3.2m multispectral) to census marine mammals (Abileah, 

2002). On one of the examined images, he identified features as probable marine mammals and specifically 

humpback whales due to their size and the location and time of the image. However, none of the detections could 

be confirmed. He also made the first attempt at calculating and comparing the spectral reflectivity of marine 

mammals with different body colouration. Overall, his findings led him to conclude that VHR satellites might in 

the near future allow a census of marine mammals, arguing for the necessity of ground-truthing to validate the 

results, and the need for satellites with higher spatial resolution tend to provide more detailed images, and raise 

the confidence in detection. A decade later, the WorldView-2 was launched and offered a higher spatial 

resolution (i.e.50cm panchromatic and 1.84m multispectral) than IKONOS. Fretwell et al. (2014) analysed 

images captured by the WorldView-2 satellite, of Península Valdés in Argentina during the breeding season for 

southern right whales. They successfully detected southern right whales, both manually and automatically, and 

highlighted the importance of having an automated system to efficiently and rapidly detect whales, compared to 

traditional methods.   

 

Differentiation among whale species is one of the first challenges for developing an automated VHR whale 

detection system for measuring species density and distribution. Since species differentiation remains untested 

for satellite images, we make the first attempt to distinguish baleen whale species from one another on satellite 

images, using images taken by the WorldView-3 satellite which was launched in 2014 and providing the highest 

spatial resolution available to date (i.e. 31cm panchromatic and 1.2m multispectral). This increased spatial 

resolution could raise the confidence in whale detection from satellites, and baleen whale species could 

hypothetically be differentiated in satellite images. Four species known to be highly distinguishable from one 

another when observed, from a boat, plane or land, were targeted for this study (Jefferson et al., 2015; Perrin et 

al., 2009). Each of them has also been well studied in their respective feeding and/or breeding grounds 

(Rowntree et al., 2001; Urbán et al., 2003; Herman et al., 2011; Panigada et al., 2011; Ponce et al., 2012) where 

they occur in high enough abundance to make a study of each species using VHR satellite technology feasible. 

The chosen candidates are the fin whale in the Pelagos Sanctuary (France, Monaco and Italy), the humpback 

whale off Maui Nui, Hawaii (USA), the southern right whale off Península Valdés (Argentina) and the gray 

whale in Laguna San Ignacio (Mexico). Initially, all the individuals of each species were manually counted and 



only the “definite” whales were retained, to describe the species in terms of morphology (e.g. body shape, 

measurements and colour), behaviour (e.g. surface water disturbances) and spectral signature. Each species was 

subsequently compared with each other in order ascertain species-specific differences using WorldView-3 

images. Next, each of the four target species were compared to their respective surroundings and other non-

whale features (e.g. plane and boat) if any were present in the imagery. Our ultimate aim with this project is to 

assess the feasibility of building an automated detection system that will be able to distinguish whale species and 

count them from space. 

 

METHOD 

 

Four images representing different locations (Fig. 1) were acquired from the WordView-3 satellite operated by 

DigitalGlobe.  

 

 

Fig.1 - Locations of study areas: Maui Nui (1), Laguna San Ignacio (2), Pelagos Sanctuary (3) and Península 

Valdés (4). Red boxes in the four subareas represent the extent of the satellite imagery acquired and used in this 

study.  

 

Image selection: species and location 

The use of satellite imagery to study baleen whales is at an early development stage. To increase the likelihood 

of whales being present on the images, and to start species identification with relatively simple comparisons, we 

followed four prime criteria: 



- morphological differences: the candidate species display substantial morphological differences from 

each other); 

- whale abundance: in order to achieve good likelihood of having whales present at the sea surface in the 

images, the time of peak abundance was selected; 

- weather conditions:  ideally calm waters, i.e. few or no white caps and low swell such as in enclosed 

areas; as Fretwell et al. (2014) and Abileah (2002) mentioned a rough sea state can reduce the ability to 

manually detect whales; 

- other megafauna: for each location it was verified that no other large marine animals of similar size to 

the studied whales were present at the time the images were taken. 

 

Four images were acquired at times and locations where specific baleen whale species were known to exist in 

reasonable relative density with no other confounding species of large whale thought to be present.  

 

Image 1 was taken on 16 October 2014 of Golfo Nuevo in Península Valdés, Argentina, during the calving 

season of the southern right whales. Their population has been monitored for the past four decades; hence, it is 

known that southern right whales inhabit this area between May and December with peak abundance from mid-

August until early October (Payne 1986; Cooke et al., 2013; IWC, 2013; Crespo et al., 2014). Although killer 

whales (Orcinus orca) are the only other large marine mammal known to enter this bay, they are much smaller 

than southern right whales, and arrive later, around December (Iñiguez, 2001). Consequently, the risk of 

mistaking southern right whales for killer whales was deemed low. Regarding the sea conditions, Golfo Nuevo 

being a bay, it is considered to be sheltered and relatively calm weather was expected compared to the open 

ocean. 

 

Image 2 is of the Au’au Chanel in Maui Nui, United States of America taken on 9 January 2015. It is a well-

known breeding ground for humpback whales from December to April with peak abundance between February 

and March (Herman et al., 2011; Baird et al., 2015). In this region, no other marine mammals similar in size to 

humpback whales have been reported to occur in high numbers during winter. Rarely, blue (B. musculus), fin, 

minke (B. acutorostrata), sei and Bryde’s whales (B. edeni) have been sighted in the deep offshore waters north 

of the main Hawaiian islands, i.e. outside and north of the Au’au Channel. Although sperm whales have been 

recorded in the region, they tend to stay in deep waters away from the main Hawaiian islands (Mobley et al., 

2001; Barlow, 2006; Smultea et al., 2010). The probability of observing one of these species on the tasked 

satellite image was considered low which reduced the risk of mistaking humpback whales with one of the 

species mentioned above. The channel being partly enclosed by four islands (i.e. Maui in the east, Kaho’olawe in 

the south, Lana’i in the west and Moloka’i in the north) was judged to be a place with relatively calm waters (i.e. 

low swell). 

 

Image 3 is composed of three images acquired on 19 June 2016 and one on 26 June 2016 of a region of the 

Pelagos Sanctuary in the Mediterranean, spanning French, Monégasque and Italian waters. In the summer fin 

whales are known to be present in the deep western offshore waters of this sanctuary (Forcada et al., 1995; 

Notarbartolo et al., 2003; Panigada et al., 2011). The choice of location for the images was based on the findings 



of Paniguada et al. (2008) who used habitat models to identify an area where the abundance was likely to be the 

highest. In the Pelagos Sanctuary no other large marine animals, similar in size to the Mediterranean fin whale 

subpopulation (i.e. maximum body length of 24m), have been observed with any regularity or in high numbers. 

Sperm whales (i.e. maximum body length of 18m) are usually found next to steep slope features such as 

canyons, none of which were located in the studied images (Moulins et al., 2008; Jefferson et al., 2015). There 

have been exceptionally rare sightings of humpback whales, solitary or in pairs (Frantzis et al., 2004; Dhermain 

et al., 2015); these can reach a maximum length of 18m (Jefferson et al., 2015). Summer sea conditions in the 

northern Mediterranean are characterised by flat calm weather and, due to the size and enclosed nature of the 

Mediterranean basin, the swell was expected to have a short period compared to the open ocean. 

 

Image 4 was taken in Laguna San Ignacio, Baja California, in México on 20 February 2017. It coincides with the 

calving season for gray whales which occurs from December to March with peak abundance in mid-February 

(Jones and Swartz, 1984; Urbán et al., 2003). Although humpback whales winter in Baja California they do not 

aggregate in Laguna San Ignacio (Urbán and Aguayo, 1987; Steiger et al., 1991; Calambokidis and Barlow, 

2004). While blue whales are also encountered off the coast of Baja California during winter, there are no reports 

of sightings within Laguna San Ignacio (Mate et al., 1999; Calambokidis and Barlow, 2004; Bailey et al., 2009). 

Laguna San Ignacio being a small enclosed area, the swell was expected to be low. 

 

For all images the spatial resolution was 31cm for the panchromatic band, 1.2m for the multispectral bands. All 

eight multispectral bands were acquired for the images 1, 2 and 3: 

- coastal: 400-452nm; 

- blue: 448-510nm; 

- green: 518-586nm; 

- yellow: 590-630nm; 

- red: 632-692nm; 

- red-edge (Red-E): 706-746nm; 

- NIR1 (Near Infra-Red 1): 772-890nm; 

- NIR2 (Near Infra-Red 2): 866-954nm. 

Concerning image 4, only four out of the eight multispectral bands were acquired (i.e. blue, green, red and 

NIR1), due to resource limitations. 

 

Image analyses: visual 

Prior to describing each species on their respective satellite images, they were manually counted. To improve the 

ability to detect whales, the multispectral images (i.e. composed of the eight or four colour bands) were pan-

sharpened in ArcGIS 10.4 ESRI 2017 with their respective panchromatic images, which have a higher spatial 

resolution. Using a grid system, the full extent of each pan-sharpened image was manually scanned thoroughly at 

a scale of about 1:1,500. To decide whether a feature was a whale, various criteria listed in Table 1 were used. In 

addition to account for the confidence of the observer in the identification of whales, each individual was 

categorised as “definite”, “probable” or “possible”. The classification relied on the value and combination of the 



Table 1 criteria as explained in Table 2. Additionally, the proportion of “definite” whales among all counted 

whales (i.e. including “probable” and “possible” individuals) was calculated for each candidate species. 

 

Once all the whales were counted, the “definite” whales were used to morphologically describe how each species 

looks like from space. The following body parts, if visible, were measured in ArcGIS 10.4 ESRI 2017: 

- body length (A); 

- body width (B); 

- flipper length (right flipper: C1; left flipper C2); 

- fluke width (D). 

For each body parts, the mean and standard deviation were calculated. In addition, the type of whale-sign (e.g. 

surface water disturbances) associated with each species was recorded (Appendix A). While scanning the image, 

non-whale features such as boats and planes were also logged. 

 

Table 1 - List of criteria to inform whether a feature is a whale and the confidence level of the identification 

Criteria Yes (2 pts) Maybe (1 pt) No (0) 

Body length range 2 1 0 

Body width range 2 1 0 

Body shape 2 1 0 

Body colour 2 1 0 

Associated with surface water disturbance 2 1 0 

Fluke 2 1 0 

Flipper 2 1 0 

Movements*  2 1 0 

Head callosities (only right whale) 2 1 0 

*for Pelagos satellite images only, if a whale was seen on two images at a different position 

 

Table 2 - Confidence in whale identification: separated into three categories (definite, probable and possible) 

each based on a combination of criteria listed in Table 1 

Certainty Range value Description 

Definite whale 6 to 18 pts At least (3 x yes)                                      
or (2 x yes and 2 x maybe) 

Probable whale 3 to 5 pts At least (3 x maybe)             
or (1 x yes and 1 x maybe), Maximum 
(2 x yes and 1 x maybe) 

Possible whale 1 to 2 (3*) pts (1 x yes)                                    
or (2 x maybe) 
or (1 x maybe) 
or *(1 x yes and 1 x maybe if yes 
correspond to criteria “associated with 
surface water disturbance” of Table 1) 

 



Image analyses: spectral 

For the spectral analysis of whales, “end-members” were designated from each candidate species. These were 

chosen from among the “definite” individuals. The whales showing most of their body length were selected. In 

order to obtain the pixel value or radiance (i.e. one value per multispectral band), the multispectral image of each 

location was corrected for the top of atmosphere using ENVI software (Harris Geospatial). Then, every pixel 

constituting the “end-members” was described with one or a combination of the characteristics listed in 

Appendix B. Only the purest “whale pixels” (i.e. the pixels entirely filled with whales) were retained, in order to 

remove the bias of including water or white water in the radiance value. Indeed, some pixels were made of both 

water and whale (i.e. mixed-pixels), for instance. Concerning the waters and other features, 100 pixels were 

respectively and randomly chosen for each location and each type of non-whale features. 

 

The values of all pixels were extracted using ArcGIS 10.4 ESRI 2017. They were separately averaged for each 

whale species, and for each feature and waters per location. To allow quantitative comparisons to be made 

between species, the standard error of the mean was also calculated. 

 

RESULTS 

 

Image analyses: visual 

Whale morphology and behaviour 

Manual scanning found individuals of each of the four species within their respective satellite images (Fig. 2). 

Most of the individuals identified were adults with the exception of gray whales calves (i.e. one “definite”, two 

“probable” and five “possible”) and one “possible” southern right whale calf. In terms of confidence in 

identification, fin whales had the highest proportion of “definite” individuals, whereas humpback and southern 

right whales had the lowest. The confidence in gray whale identification was two times higher than for the 

southern right whales (Table 3). 

 

The total number of whale-like objects (i.e. “definite”, “probable” and “possible” whales) for fin whales includes 

three individuals that were likely observed twice (Table 3),  as three of the four satellite images acquired for the 

Pelagos Sanctuary were taken on the same day with intervals of <30 seconds. These three whales were observed 

in the overlap region of these images, and appeared to have moved.  No humpback, southern right, or gray 

whales were observed twice, as only one satellite image was used for each of these species. Concerning 

humpback whales, the total number of whale-like objects includes seven “possible” whales based on whale 

signs, and not associated with any other whales recorded in the image.   

 

The length and width measurements of the body were acquired for all the surveyed species. However, other body 

measurements such as flipper or fluke lengths could not be measured for all the studied species. Indeed, no 

flukes were distinctly observed on any of the humpback whales, nor for flippers for southern right whales (Table 

3). 

 



Some distinct body characteristics known to be unique features for the respective species were observed on some 

individuals, such as long flippers for the humpback whales, which were observed on two of the counted 

individuals. White head callosities, a characteristic specific to right whales, were positively identified on two of 

the recorded “definite” southern right whales (Table 3). 

 

Along with body features, signs indicating the presence of whales were observed. Some are related to surface 

water disturbance: after-breach, footprint, wake and contour. There were also other signs not linked to surface 

water disturbance: blow, defecation. Footprints and contours were observed for each surveyed species. Wake and 

blow were seen for three out of the four candidate species. After-breach was only witnessed for the humpback 

whale, likewise with defecation for the southern right whale (Appendix A). 

 

Fig. 2 - Pan-sharpened WorldView-3 satellite images of four gray whales in Laguna San Ignacio (top left), a fin 

whale in the Pelagos Sanctuary (top right), two humpback whales in Maui Nui (bottom left), and a southern right 

whale in Península Valdés (bottom right) 



 

Non-whale features 

On the satellite images, non-whale features were clearly discernible. Various types of boats were observed in the 

Pelagos Sanctuary, Laguna San Ignacio and Maui Nui such as ferries, fishing boats, cargo and sail boats. Planes, 

(i.e. passengers and smaller aircrafts) were seen in the Pelagos Sanctuary and Maui Nui (Fig. 3). No boats, or 

aircrafts or any other non-whale features were observed off Península Valdés (i.e. image 1). 

 

Fig. 3 - Panchromatic WorldView-3 satellite images of non-whale features: a ferry in the Pelagos Sanctuary (top 

left), a fishing boat in Laguna San Ignacio (top right), a passenger plane in Maui Nui (bottom left), and a small 

aircraft in Maui Nui (bottom right) 



Table 3 - Summary of morphological characteristics and associated whale signs per surveyed species 
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Whale signs1 
observed in the 
studied satellite 
images 

Distinctive 
characteristics 

Fin whale 
Balaenoptera physalus 

Pelagos Sanctuary 
(France, Monaco, 
Italy) 

26/06/2016 
19/06/2016 

4234 21 
(+1)2 

2 
(+2)2 

5 28 
(+3)2 

75.00 
(70.97)2 

A: 13.49 
B: 2.56 
C: 1.94 
D: 3.68 

9 
9 
6 
1 

2.92 
0.47 
0.23 
NA 

Surface water 
disturbances: 
Contour, footprint, 
wake 

Streamlined body 

Southern right whale 
Eubalaena australis 

Golfo Nuevo, 
Península Valdés 
(Argentina) 

16/10/2014 560 12 14 33 
(1)3 

59 20.34 A: 10.47 
B: 3.08 
C: NA 
D: 4.45 

6 
6 
0 
1 

2.69 
0.39 
NA 
NA 

Surface water 
disturbances: 
Blow, contour , 
footprint, wake,  
Other: defecation 

White callosities 
on the head 

Humpback whale 
Megaptera novaeangliae 

Au’au Channel, 
Maui Island 
(USA) 

09/01/2015 570 9 18 29 56 16.07 A: 10.62 
B: 2.94 
C: 2.39 
D: NA 

5 
4 
4 
0 

1.36 
0.43 
0.53 
NA 

Surface water 
disturbances: 
After-breach, blow, 
contour , footprint, 
wake 

Long flippers 

Gray whale 
Eschrichtius robustus 

Laguna San 
Ignacio, Baja 
California 
(Mexico) 

20/02/2017 80 25 
(1)3 

15 
(2)3 

22 
(5)3 

62 40.32 A: 12.58 
B: 2.90 
C: 1.90 
D: 3.06 

10 
9 
3 
8 

0.95 
0.44 
0.27 
0.26 

Surface water 
disturbances: 
Blow, contour , 
footprint 
 

Pale, whitish body 
colouration 

1Cf. Appendix A 
2Additional individual thought to be observed twice 
3Number of calves 



Image analyses: spectral 

As illustrated in Fig. 4, the main results for the spectral analysis are as follows: 

- gray whales are the lightest, followed closely by fin whales, then southern right and humpback whales 

which are much darker; 

- gray and fin whales are much brighter than the water, but southern right and humpback whales have 

very similar spectra to the surrounding water. 

- the shape of the spectral profiles are similar and none differ greatly from their environment. 

- near infra-red value of all whales and water is at or close to zero. 

 
Fig. 4 - Radiance of the four studied species and of the water in each surveyed locations for four multispectral 

bands 

 

DISCUSSION 

 

Each of the four studied species could clearly be identified on WorldView-3 satellite images. However, some 

species were harder to detect compared to others. Fin and gray whales were easier to recognise than humpback 

and southern right whales, which had lower proportions of “definite” individuals. This low proportion among the 

humpback whales could potentially be due to their well-documented acrobatic nature (Helweg and Herman, 

1994; Frankel et al., 1995; Clapham and Mead, 1999), which hindered identification on the satellite image as 

whale characteristics such as body shape, flippers or fluke could not confidently be recognised. In contrast the 

confidence in fin whale identification was likely higher as most of the whales were mostly seen travelling, which 

allowed us to clearly identify whale characteristics. Concerning southern right whales, the low proportion of 

“definite” whales could be linked to their dark body colouration not easily distinguishable in deep waters, which 



is where all the southern right whales in this study were observed. In comparison gray whales, which have a 

lighter body colouration (Jefferson et al., 2015), were twice as frequently identified. 

 

As with Fretwell et al. (2014), we successfully detected southern right whales. In the present study they were 

exclusively seen in the deeper waters of the images, even though the surveyed image contained coastal areas. 

Payne (1986) noted their preference for waters ~5m in depth. This preference for shallow waters has since been 

well documented particularly for mother and calf pairs (Rowntree et al., 2001; Crespo et al., 2014). However 

Crespo et al. (2014) reported a shift towards deeper waters, which is consistent with what was seen on the 

imagery. Among the “definite” southern right whales, one appeared to have a lighter colouration which could be 

a heavily mottled individual; Jefferson et al. (2015) mentions this as being common among southern right 

whales.  

 

Laguna San Ignacio is a well-known breeding ground for gray whales where calves have been recorded (Jones 

and Swartz, 1984; Urbán et al., 2003). On the satellite image of this lagoon taken during calving season, some 

gray whale calves were observed, however only one was identified as “definite”. This low certainty in calf 

identification might be related to their small size which makes it difficult to see clear whale-like features with the 

spatial resolution offered by current satellites. This could also explain the absence in our counts of southern right 

whale calf identifications in the image of Península Valdés, except for one “possible”. 

 

Concerning the measurement of the adult body length on the satellite images, gray whales were the only species 

which were to be found within their known size range. Adult southern right and humpback whales were close to 

the lower limit of their size range. In comparison, fin whale body length was below its documented size range 

(Shirihai and Jarrett, 2006; Jefferson et al., 2015). This discrepancy in body length compared to the known size 

range could be due to the fact that whales are often positioned diagonally to the sea surface; for instance when a 

whale is about to surface following a dive, or whilst diving. 

 

The spectral analysis showed that the spectral profiles were fairly identical between the four candidate species. 

Our results show a similar ranking to Abileah’s hypothetical (2002) spectral reflectivity value between the gray 

and humpback whale radiance values for the blue, green and red bands. However we found different spectral 

profiles to Abileah (2002) for these two species. Indeed, in this study the radiance is lower for the red band 

compared to the green band. 

 

The WorldView-3 satellite allowed us to review more morphological details and whale signs compared to the 

WorldView-2 satellite (Fretwell et al., 2014) and the IKONOS (Abileah, 2002), which will be useful for 

automating the detection of mysticetes. For future application of this method to provide measurement of density 

and even abundance, we will need to better understand how deep below the surface whales can be detected, and 

to have region-specific information on surface availability to apply appropriate correction factors. 

 

For future baleen whale studies using VHR satellite, we recommend the following criteria to be considered based 

on the findings of the present study (see Appendix C for a species by species recommendation): 



‐ species general behaviour: e.g. travelling or resting which means the animal full body length will likely be 

parallel to the surface; 

‐ distinct colouration compared to its surrounding waters, e.g. if observing whale in deep waters paler colours 

should be more easily discernible; 

‐  large size animal: animal above 10m in length;  

‐ availability at the surface, e.g. long-dive species such as sperm whales might be trickier to observe on 

satellite images; 

‐ calm waters, e.g. species found in coastal waters compared to open-ocean might be easier to detect due to a 

potentially lower swell; 

‐ co-occurrence of other similar species, e.g. potential challenge for mis-identification of species and 

potential for a positive bias in species-specific counts. 

 

CONCLUSION 

 

This survey is the first to look at whales with the WorldView-3 satellite. It shows that large baleen whales can be 

seen on VHR satellite imagery. However, some species such as humpback and southern right whales, easily 

identifiable from boat or aerial survey, might be more difficult to detect on satellite images, owing to a dark body 

colouration and, or acrobatic behaviour. The reverse is true for species with a calmer behaviour or lighter body 

colouration, such as fin and gray whales, which seem more easily discernible on satellite images. VHR satellite 

could therefore be of great potential for monitoring similarly coloured species. Due the vastness of oceans and 

baleen whale distribution range, manual detection would however be too time consuming to conduct a broad-

scale survey. Therefore, a future task will be to automate or semi-automate the detection of each species 

following Fretwell et al. (2014). As concluded from this survey, the spectral profile is similar between the four 

surveyed species and the shape of the profile is similar to the surrounding environment; however they present 

morphological differences. Hence, an object –based analysis seem more appropriate than a purely pixel based 

method. This survey adds to Abileah (2002) and Fretwell et al. (2014) findings, with the aim to inform on the 

feasibility of the use of VHR satellite images to conduct marine mammal research and promote their 

conservation. 
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Appendix A - Catalogue of the different surface water disturbances and near the surface disturbances associated with whales 

Sign Description Fin whale Southern right whale Humpback whale Gray whale 

After-
breach 

Large white 
area left after 

a whale 
breached, or 

lobtailed, 
flipper-
slapped 

Not observed on the studied 
satellite images 

Not observed on the studied 
satellite images 

 

Not observed on the studied 
satellite images 

Blow 

Vaporous 
whitish patch 

next to a 
whale, 
similar 

looking to 
fog 

Not observed on the studied 
satellite images 

   

Contour 

White line 
around part 
of the whale 
that is above 
the surface 
when the 
whale is 

rolling its 
back or 

surfacing to 
breathe     



Sign Description Fin whale Southern right whale Humpback whale Gray whale 

Footprint 

White circle 
left after 

whale dived. 
Observed on 

satellite 
images for 
humpback, 

fin, southern 
right whale 

    

Wake 

v-shaped 
white trail 
behind the 

animal 

   

Not observed on the studied 
satellite images 

Defecation 

Trail of 
coloured 
clouds 
behind 
animal 

Not observed on the studied 
satellite images 

 

Not observed on the studied 
satellite images 

Not observed on the studied 
satellite images 

 

 



Appendix B - List of pixel descriptions for whales 

Pixel_Description Comments 
Water No whale even below the surface 
White water  Surf zone, similar to white caps created by the 

whale, e.g. when it surfaces or travel  
Whale below the surface  
Whale above the surface  
Possible white flipper For humpback whale only 
Definite white flipper For humpback whale only 
Possible dark flipper For humpback whale only 
Definite dark flipper For humpback whale only 
Possible flipper  For fin, southern right and gray whales 
Definite flipper  For fin, southern right and gray whales 
Possible white head callosities For southern right whale only 
Definite white head callosities For southern right whale only 
Possible fluke  
Definite fluke  
Blow  
Other definite whale  
Other probable whale  
Other possible whale  
Uncertain  

 
 
 
 
 
 
 
 
 
 



 
Appendix C - Recommendation matrix concerning which baleen whale species might be ideal candidates for VHR satellite surveys based on species information from Shirihai 
and Jarrett (2006), and Jefferson et al. (2015). Note that this matrix does not consider the possibility of co-occurrence with similar species, as this aspect varies between 
localities for each species. 

 
 

Key:  
For all criteria except “Recommendation level” 
 

   Ideal (4 points) 
 

  Good (3 points) 
 

  Moderate (2 points) 
 

   Problematic (1 point) 
 
 

For “Recommendation level” criteria only (i.e. average of all other criteria) 
 

  3.50-4.00    1.50-1.99 

  3.00-3.49    1.00-1.49 

  2.50-2.99    0.50-0.99 

   2.00-2.49    0.00-0.49 

Criteria Bowhead
North Atlantic 
right whale

North Pacific 
right whale 

Southern right 
whale

Pygmy right 
whale

Grey whales
Humpback 
whales

Blue whale Fin whale Sei whale Bryde's whale Omura's whale Minke whale Sperm whale

Maximum adult 
size (m)

20 18.5 19 17 6.5 15 18 33 27 20 16.5 12 11 19

Body shape Rotund Rotund Rotund Rotund
Slender, 
streamlined

Robust Robust Streamlined Streamlined Streamlined Streamlined Streamlined Streamlined Robust, log-like

Colour (dorsally)
Black (with some 
white on lower 
jaw)

Black Black
Black (with white 
to light grey 
blazes)

Dark grey
Brownish grey to 
ligth grey

Black or dark 
grey

Blueish grey
Black or dark 
brownish-grey

Dark grey or 
brown

Dark grey Dark grey Dark grey
Black to 
brownish grey

Dive length Long dive
Commonly short 
dive but up to 50 
min sometimes

Commonly short 
dive but up to 50 
min sometimes

Commonly short 
dive but up to 50 
min sometimes

Short dive Short dive
Commonly short 
dive but up to 40 
min sometimes

Commonly short 
dive but up to 30 
min sometimes

Commonly short 
dive but up to 30 
min sometimes

5 to 20 min 2 to 20 min Unknown 3 to 20 min Long dive

Common 
behaviour(s)

Calm, sometimes 
accrobatic

Calm, sometimes 
accrobatic

Calm, sometimes 
accrobatic

Calm, sometimes 
accrobatic

Slow and fast 
swimming

Calm, sometimes 
accrobatic

Accrobatic
Slow and fast 
swimming

Slow and fast 
swimming

Slow and fast 
swimming

Slow and fast 
swimming

Unknown
Swimming and 
sometimes 
acrobatic

Logging and 
sometimes 
acrobatic

Other 
characteristic(s) 
helping detection

Whitish head 
callosities

Whitish head 
callosities

Whitish head 
callosities

Long flippers 
(sometimes white 
dorsally)

Recommendation 
level

2.25 2.60 2.60 2.60 2.75 3.50 2.60 3.50 3.25 3.00 3.00 2.00 2.50 2.50


