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For many species of oceanic dolphins, photo-identification and genetic data 

indicate that these island-associated populations are demographically isolated from 

pelagic populations and that island-associated populations exhibit very different patterns 

of movement and habitat use. Melon-headed whales (Peponocephala electra) are 

generally considered a pelagic dolphin, but have been documented around oceanic islands 

where deep water occurs close to shore. In the main Hawaiian Islands, for example, 

analysis of ten years of photo-identification data shows that melon-headed whales form a 

relatively small and apparently isolated population. Melon-headed whales have also been 

documented around several islands in the Marquesas archipelago of French Polynesia, 

but no information on their population structure in the islands exists. To better understand 

this population of melon-headed whale, I analyzed over 6,000 photographs collected 

during Expedition Marquesas, a series of small-boat sampling surveys conducted around 

six islands – Hiva Oa, Tahuata, Mohotani, Ua Huka, Ua Pou and Nuku Hiva – in March 

and April of 2012. Photographs and biopsy samples were collected during 14 encounters 

with melon-headed whales at four of the islands; Mohotani, Ua Huka, Ua Pou, and Nuku 



	

	

Hiva. In this thesis, I compiled the first photo-identification catalog for melon-headed 

whales in the islands by analyzing photographs to identify individual dolphins based on 

distinctive markings to their dorsal fins (referred to as distinctively marked individuals or 

DMIs). In total, 393 DMIs were identified and sightings were reconciled within 

encounters, between encounters, and between islands to construct sighting histories for 

each DMI. This information was then used to improve upon visual counts of the number 

of individuals in encountered groups, to investigate inter-island movement of DMIs, and 

to provide a minimum abundance of melon-headed whales in the islands.  

Estimates of the number of individuals in resting groups were obtained by 

incorporating information on the number of quality images of each DMI and the total 

number of quality non-DMI images collected within an encounter into the Poisson log-

normal mark-resight model (PNE). The PNE estimates were then compared to visual 

counts of the number of melon-headed whales in encountered groups obtained by 

observers in the field. Using the PNE to estimate group size is novel since most studies 

determine group size by estimating the number of visible individuals. Investigations into 

the accuracy of observer estimates have found that estimates can vary widely between 

observers and tend to underestimate group size, especially as group size increases. Here, I 

found that the sizes of resting groups in the Marquesas Islands were large (median = 458) 

and that, on average, the mark-resight model estimated the true group size to be 1.5 times 

greater than the visual counts. 

By comparing sightings of DMIs between islands, I found evidence of limited 

movement of DMIs between the surveyed islands. Eight DMIs first seen at Ua Pou were 



	

	

resighted from 3 to 13 days later at Nuku Hiva, a distance of approximately 50 

kilometers. No DMIs first documented at Mohotani or Ua Huka were resighted at any of 

the other islands. While the short time between surveys limits the conclusions that can be 

made, these results suggest an interesting pattern of habitat use within the islands, 

especially given the similar distance between encounters at Ua Huka and Nuku Hiva. 

The minimum abundance of melon-headed whales in the Marquesas Islands was 

estimated using the Lincoln-Petersen, two-sample, mark-recapture model. I first 

compared DMI images from pairs of resting-group encounters at each island to identify 

resightings of DMIs between encounters. Information on the number of DMI images per 

encounter and the number of DMIs seen in the first encounter and subsequently resighted 

in the second encounter were incorporated into the model to derive an estimate of the 

total number of DMIs for each island. Since only information on DMIs was incorporated 

into the model, the minimum abundance at each island was calculated by adjusting the 

estimate of the total number of DMIs by the proportion of quality DMI images in each 

data set. The minimum abundance at each island ranged from 300 (95% CL 188-412; CV 

= 0.19) at Ua Pou to 631 (95% CL 475-788; CV = 0.13) at Mohotani.  Summing the 

estimates obtained at each island resulted in a minimum abundance estimate of 1,785 

(95% CL 1506-2065; CV = 0.36) melon-headed whales in the Marquesas Islands during 

the study period.  

The establishment of the first melon-headed whale photo-identification catalog 

for melon-headed whales in the Marquesas Islands lays a foundation for future 

investigation into the population structure of this enigmatic species in the islands. The 



	

	

waters around the Marquesas Islands supports a diverse marine community, including 

several species of small cetaceans, and represents an area of high productivity in an 

otherwise oligotrophic region of the South Pacific. French Polynesia has taken steps to 

protect this important habitat by designating the entirety of the French Polynesia EEZ as 

a Marine Mammal Sanctuary and by petitioning UNESCO to designate the Marquesas 

Islands as a World Heritage Site. The baseline information provided by this thesis is an 

important step in understanding the population structure and habitat use of melon-headed 

whales – information crucial to effective conservation of this species in the Marquesas 

Islands.  
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1 

1. INTRODUCTION AND LITERATURE REVIEW 

 

1.1. Melon-headed whales  

1.1.1.   Species description  

The melon-headed whale (Peponocephala electra) is a member of the family 

Delphinidae and the only member of the genus Peponocephala (Fig. 1.1). This species 

was originally considered a member of the genus Lagenorhynchus but morphological 

analysis of several specimens in the 1960s revealed that they were not only distinct from 

Lagenorhynchus, but were distinct from all other cetaceans as well (Nakajima and 

Nishiwaki 1965; Nishiwaki and Norris 1966). Nishiwaki and Norris (1966) proposed the 

genus Peponocephala, which translates to English as melon-head, and suggested that 

Peponocephala was most closely aligned to the genera Pseudorca, Feresa, and 

Lagenoryhnchus (Nishiwaki and Norris 1966). Molecular analyses have confirmed the 

phylogenetic relationship between Peponocephala and Feresa, and, more distantly, 

Pseudorca (McGowen et al. 2009; Vilstrup et al. 2011). However, Lagenorhynchus 

appears much more distantly related than originally thought (McGowen et al. 2009; 

Vilstrup et al. 2011). 

Melon-headed whales are in the subfamily Globicephilinae; a group that includes 

species commonly referred to as “blackfish” because they are entirely or primarily black 

in color. Other common names given to melon-headed whales include many-toothed 

blackfish, little blackfish, electra dolphin, Indian broad-beaked dolphin, Hawaiian 

blackfish, and Hawaiian porpoise (Perryman et al. 1994; Jefferson and Barros 1997; Rice 
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1998). It is unclear as to whether the common name melon-headed whale was in use prior 

to the proposal by Nishiwaki and Norris (1966) but Peponocephala electra is now 

universally referred to as the melon-headed whale.  

Melon-headed whales are most often mistaken in the field with their close 

cousins, the pygmy killer whales (Feresa attanuata), largely due to similarities in body 

size and habitat (Siciliano and Brownell 2015). Both attain body lengths of 

approximately 2.5 m, possess a similar body shape, lack a beak, have somewhat bulbous 

heads, and are often described as black or dark gray with white lips (Jefferson et al. 2008; 

Fig. 1.2 and Fig. 1.3). However, the white pigmentation on the head of melon-headed 

whales is limited to the lips alone while the pigmentation of pygmy killer whales often 

extends to the tip of the snout (Jefferson et al. 2008). In addition, the flippers of melon-

headed whales are pointed (vs. rounded in pygmy killer whales) and their head can 

appear triangular, especially from above (Jefferson et al. 2008). Since these features can 

be difficult to discern at sea, behavior is generally relied upon to discern the two species 

(see below; Perryman 2009).  

1.1.2. Ecology 

Stomach content analyses from stranded melon-headed whales indicate that they 

prey on several species of squid and fish. Beaks of squid from the families 

Ommastrephidae, Loliginidae, Onycoteuthidae, Chiroteuthidae, Mastigoteuthidae, 

Cranchiidae, Enoploteuthidae, and Histioteuthidae along with fish otoliths from species 

belonging to the Myctophidae, Paralepididae, and Scopelarchidae have been documented 

(Jefferson and Barros 1997; Best and Shaughnessy 1981; Sekiguchi et al. 1992).  Many 
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species in these families are mesopelagic and can be found at depths of up to 1,500 m 

(Jefferson and Barros 1997). Analysis of stable isotopes found in the blubber of biopsied 

melon-headed whales near the island of Mayotte found evidence that the diet of melon-

headed whales is influenced by benthic primary production (Gross et al. 2009). This 

suggests that melon-headed whales are a deep-diving species that feed deep in the water 

column (Jefferson and Barros 1997; Gross et al. 2009).  

Killer whales, and possibly other odontocetes, such as false killer whales, short-

finned pilot whales, and pygmy killer whales, have been suggested as predators of melon-

headed whales, but direct evidence of predation by these species is lacking (Jefferson and 

Barros 1997). Aschettino et al. (2012) noted melon-headed whales apparently fleeing 

from killer whales in Hawai’i, which suggests that the melon-headed whales perceived 

the killer whales as a threat. In contrast, Migura and Meadows (2002) observed a mixed-

species interaction between melon-headed whales and short-finned pilot whales off the 

island of Lana’i during which a group of approximately 15 short-finned pilot whales 

approached a large group of melon-headed whales. About 30 melon-headed whales were 

seen swimming slowly around the pilot whales but neither species seemed agitated or 

exhibited any behavior that seemed predatory in nature (Migura and Meadows 2002).  

Several species of large sharks have been suggested as predators of melon-headed 

whales but again, direct evidence of predation is not available (Jefferson and Barros 

1997). However, potential predators can be inferred from documentation of predation on 

other cetacean species. In Hawai’i, unidentified cetacean remains and skulls belonging to 

bottlenose and spinner dolphins have been found in the stomachs of tiger sharks 
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(Galeocerdo cuvier; Shallenberger 1981).  Cetacean remains have also been found in the 

stomachs of white sharks (Carcharodon carcharias) in South Africa and Australia, and in 

the stomachs of tiger sharks in Florida and western Australia (Heithaus 2001). In 

addition, white sharks are a major predator of harbor porpoise (Phocena phocena) on 

both the west and east coasts of the U.S. and bull shark predation on bottlenose dolphins 

has been documented in South Africa and the Gulf of Mexico (Heithaus 2001). Predation 

pressure is likely high in tropical waters, since potential predators are abundant in these 

regions (Scott and Cattanach 1998) and it has been hypothesized that the large group 

sizes observed in several delphinids is likely in response to predation (Norris and Dohl 

1980; Bearzi 2005).  

1.1.3. Social behavior and group size 

Melon-headed whales are often encountered in large groups and it is this 

characteristic that is most often used for initial identification of this species at sea (Fig. 

1.4; Jefferson and Barros 1997; Perryman et al. 1994). Group sizes of over 1,000 

individuals have been reported (Dulau-Drouot et al. 2008) though groups of 100 - 200 are 

more common (as opposed to groups of 12 – 50 for pygmy killer whales; e.g., Wade and 

Gerrodette 1993; Mullin et al. 1994; Aschettino et al. 2012). These large groups appear 

to be composed of multiple, closely spaced smaller groups (Mullin et al. 1994; Migura 

and Meadows 2002).  

Melon-headed whales are often seen in association with a variety of other 

cetacean species. Observations of mixed groups with Fraser’s dolphins (Lagenodelphis 

hosei) have been reported throughout their range (Miyazaki and Wada 1978; Au and 
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Perryman 1985; Leatherwood et al. 1990; Mullin et al. 1994; Gannier 2000; Laran and 

Gannier 2001; Dulau-Drouot et al. 2008; Aschettino 2010). They have also been 

observed with bottlenose dolphins (Tursiops truncatus) in the tropical Pacific (Jefferson 

and Barros 1997; Gannier 2009), rough-toothed dolphins (Steno bredanensis) in the 

tropical Pacific (Mangels and Gerrodette 1994; Jefferson et al. 2006; Barlow et al. 2008, 

Aschettino 2010) and the Gulf of Mexico (Mullin et al. 1994), and short-finned pilot 

whales (Globicephala macrorhynchus) in the Hawaiian Islands (Migura and Meadows 

2002; Aschettino 2010) and the Philippines (Dolar et al. 2006). Other mixed species 

observations include groups of melon-headed whales with humpback whales (Megaptera 

novaeangliae) in Hawai’i (Aschettino 2010; Frankel and Yin 2010), spinner dolphins 

(Stenella longirostris) in the Marquesas Islands (Laran and Gannier 2001; Poole et al. 

2013), false killer whales (Pseudorca crassidens) in Indonesia (Kreb 2005), and sperm 

whales (Physeter macrocephalus) in the Gulf of Mexico (author’s personal observation). 

One mixed species encounter was recorded with melon-headed whales and killer whales 

(Orcinus orca) in the Hawaiian Islands but the melon-headed whales appeared to be 

fleeing (Aschettino 2010). 

1.1.4. Life history 

There is little information on the life history of melon-headed whales. In the 

Hawaiian Islands, three individuals initially sighted in 1986 were seen again in 2008 

(Aschettino et al. 2012). In Japan, Amano et al. (2013) used dentinal growth layer groups 

(GLGs) to estimate the ages of melon-headed whales stranded during two separate mass 

strandings in Hasaki and Tanegashima, Japan. The age of the oldest female was estimated 
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to be approximately 35 years old and the oldest male approximately 32 years old (Amano 

et al. 2013). Jefferson and Barros (1997) report that a 264 cm female stranded in Brazil 

had >30 GLGs and a 246 cm male had >22 GLGs. GLG calibration studies have not been 

conducted for melon-headed whales, but GLGs in bottlenose dolphins appear to be 

accumulated annually (Hohn et al. 1989). These lines of evidence suggest that melon-

headed whales may live in excess of 22 years and perhaps as much as 30 years or more.  

1.1.5. Distribution 

Melon-headed whales have been documented in the tropical and subtropical 

waters of the Pacific, Indian, and Atlantic Oceans and in the Gulf of Mexico (Fig. 1.5; 

Jefferson and Barros 1997). Strandings have occurred at higher latitudes, such as the 

southern coast of the United Kingdom, the Maryland coast in the U.S., and the Cape 

region of South Africa, but these have been attributed to incursions of warm water 

(Perryman et al. 1994). Historically, melon-headed whales have been described as a 

pelagic species primarily encountered offshore in deep water (e.g., Perryman 2009; 

Brownell et al. 2009; Jefferson and Barros 1997). In the eastern tropical Pacific, they are 

often encountered in equatorial waters between approximately 110°-145° W (Au and 

Perryman 1985) and in the Gulf of Mexico, most sightings occur in deep water well 

beyond the continental shelf (Mullin et al. 1994).  

However, observations of melon-headed whales near shore suggest that they are 

not limited to oceanic waters (e.g., Wade and Gerrodette 1993; Dolar et al. 2006; De 

Boer 2000; Poole et al. 2013). They have been documented near several oceanic islands, 

including Hawai’i (Aschettino et al. 2012), Mayotte (Kiszka et al. 2007, 2008; Gross et 
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al. 2009), the Seychelles (Hermans and Pistorius 2008), Cape Verde (Reiner et al. 1996), 

the Society Islands (Gannier 2000), the Marquesas Islands (Gannier 2002; Poole et al. 

2013), Palmyra Atoll (Reeves et al. 1999; Baumann-Pickering et al. 2010), La Réunion 

(Dulau-Drouot et al. 2008), and the Northern Mariana Islands (Fig. 1.6; Jefferson et al. 

2006). Around islands that are surrounded by a fringing reef, such as Mayotte, Moorea, 

and Palmyra, melon-headed whales remain outside the reef several kilometers from shore 

and have not been observed in the lagoons (Brownell et al. 2009; Gross et al. 2009). In 

contrast, melon-headed whales are often observed within 10 – 400 meters of shore in the 

Marquesas Islands, where no fringing or barrier reefs form (Poole et al. 2013).   

1.1.6. Population structure 

Demographic separation between insular and pelagic populations has been 

documented in several dolphin species (e.g., Karczmarski et al. 2005; Baird et al. 2009; 

Courbis 2011; Oremus et al. 2012). Insular or island-associated populations are generally 

characterized by limited movement, stable societies that exhibit long-term associations, 

and strong geographic fidelity (Karczmarksi et al. 2005; Baird et al. 2009).  For melon-

headed whales, the only information on population structure is from the Hawaiian Islands 

where photo-identification records and association patterns between individuals indicate 

that two populations occur in the archipelago (Aschettino et al. 2012). The population 

identified as the island-association population was only seen around the Big Island, was 

estimated to consist of fewer individuals than the more pelagic population, and exhibited 

little interaction with the wide-ranging population (Aschettino et al. 2012).  
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1.1.7. Threats  

Anthropogenic sound has been implicated in two mass stranding events involving 

melon-headed whales. In July of 2004, approximately 150 - 200 melon-headed whales 

entered Hanalei Bay on the island of Kauai and spent over 28 hours in the bay. A number 

of volunteers worked to keep the whales in deeper water and likely prevented a mass 

stranding. After examining potential causes, Southall et al. (2006) concluded that the 

intermittent use of active sonar by several naval vessels participating in an exercise in the 

area was the most plausible contributing factor to this near stranding event. While naval 

sonar has been implicated in the strandings of beaked whales, this represented the first 

time sonar was suspected to have contributed to the near stranding of delphinids 

(Brownell et al. 2009). 

Approximately 100 melon-headed whales stranded in the Loza Lagoon system of 

northwestern Madagascar in May and June of 2008. This stranding was particularly 

noteworthy since melon-headed whales have not been previously reported in any 

estuarine system in Madagascar (Southall et al. 2013). In addition, it was reported that 

many melon-headed whales remained within the lagoon system during the following 

month where most of them died from a variety of causes related to lingering in an 

atypical habitat, such as sun exposure, emaciation, and dehydration (Southall et al. 2013).  

An independent scientific review panel concluded that the most likely trigger of this 

event was the operation of a high-power, multi-beam echosounder system by a survey 

vessel one day prior to the first reported stranding. Based on what is currently known 
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about melon-headed whale movements and habitat use, this species may be among the 

most sensitive and vulnerable to high-power sound generation (Southall et al. 2013). 

Some evidence of interactions between melon-headed whales and fisheries has 

been documented. Perrin (1976) reported on a male calf that was captured in a tuna purse 

seine in the eastern Pacific. Kiszka et al. (2008) examined injuries to melon-headed 

whales in photographs obtained off the island of Mayotte and found four individuals with 

injuries consistent with entanglements in fishing gear. In the Hawaiian Islands, 

Aschettino et al. (2013) report that approximately 107 (6.5%) photo-identified melon-

headed whales had injuries likely sustained from line entanglements and seven had 

injuries that suggested they were targets of shootings.   

Melon-headed whales have been the target of directed hunts in some locations. 

The first record of melon-headed whales describes a drive hunt conducted by native 

Hawaiians in 1841 (Peale 1848).  They have occasionally been taken in Japan and sold 

for human consumption (Nishiwaki and Norris 1966) and have been reported to have 

been taken by harpoon in the Lesser Antilles, Indonesia, Sri Lanka (Perryman et al. 

1994), Cape Verde (Reiner et al. 1996), and the Philippines (Leatherwood et al. 1990). In 

Malaita, Solomon Islands, dolphin teeth are used as currency and the teeth of melon-

headed whales are considered the most valuable (Takekawa 2000; Oremus et al. 2015). 

However, melon-headed whales appear to have become rare in the last 100 years or so 

and the local population is believed to have decreased due to hunting (Takekawa 1996).  

Melon-headed whales do not do well in captivity and have only been captured 

alive on a few occasions. The longest any individual survived was a female captured in 
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Hawaii who lived for 17 months. In addition, the aggressive nature of this species makes 

them difficult to handle in captivity (Perryman et al. 1994). Keepers in the Philippines 

were reportedly injured from being hit by the head of a dolphin or raked by its teeth 

(Perryman et al. 1994). These characteristics make them undesirable for live display 

(Jefferson and Barros 1997). 

1.1.8. Conservation status 

The International Union for the Conservation of Nature (IUCN) lists the melon-

headed whale as a species of Least Concern (Taylor et al. 2008). Justification for the 

IUCN assessment is based on their pantropical distribution and an abundance of at least 

50,000 (Taylor et al. 2008).  Anthropogenic sound, particularly from naval sonar and 

seismic surveys, and interactions with fisheries in some locations are considered threats 

that could negatively impact local populations but information on the magnitude of these 

potential threats is limited (Taylor et al. 2008).  

1.1.9. Previous studies 

Despite a circum-equatorial distribution and moderate prevalence of mass 

strandings, melon-headed whales remain a poorly understood species. Population 

abundance estimates are only available for a few areas and no substantial information on 

population trends exists (Taylor et al. 2008). Also, few dedicated studies of this species 

have been conducted and most accounts are limited to observations during cetacean 

surveys or reports of stranded specimens.  

1.1.9.1. Abundance estimates 
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The IUCN status assessment for melon-headed whales is based upon an estimated 

global abundance of at least 50,000 (Taylor et al. 2008). However, the only estimates 

available at the time of the assessment were for pelagic populations in the eastern tropical 

Pacific (Wade and Gerrodette 1993), the northern Gulf of Mexico (Mullin and Fulling 

2004), the Philippines (Dolar et al. 2006), and Hawai’i (Barlow 2006). In the eastern 

tropical Pacific, Wade and Gerrodette (1993) estimated the abundance of melon-headed 

whales based on data collected during ship-based line-transect surveys conducted from 

1986 - 1990. During these surveys, melon-headed whales were encountered 14 times and 

their abundance was estimated to be 45,400 (95% CL 34,200 – 110,300, CV = 0.47; 

Wade and Gerrodette 1993). Line transect surveys in the northern Gulf of Mexico from 

1996 - 2001 encountered melon-headed whales three times in the northwest section of the 

Gulf. The total number of melon-headed whales was estimated at 3,451 individuals (95% 

CL 1237 – 9627, CV = 0.55; Mullin and Fulling 2004). Dolar et al. (2006) conducted 

small-boat line-transect surveys for cetaceans in the Tañon Strait (May – Jun 1995) and 

the Sulu Sea (May 1994 and May – Jun 1995) of the Philippines. Melon-headed whales 

were encountered twice in the Tañon Strait and six times in the Sulu Sea and abundance 

was estimated to be 1,383 (95% CL 167 - 4268, CV = 0.81) and 921 (95% CL 211 - 

4019, CV = 0.83), respectively (Dolar et al. 2006). Ship-based line-transect surveys of 

the Hawaiian Exclusive Economic Zone (EEZ) in 2002 only encountered melon-headed 

whales once and only in the outer survey stratum (the part of the survey area > 104 km 

from the main Hawaiian Islands; Barlow 2006). Abundance in the EEZ was estimated to 

be 2,950 (CV = 1.17; Barlow 2006). 
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Since the publication of the IUCN assessment, Aschettino (2010) provided an 

estimate of melon-headed whales from the inshore waters around the main Hawaiian 

Islands based on five years of photo-identification data. Sighting histories of individuals 

photographed during small boat surveys in 2003 – 2006 and 2008 were used to estimate 

abundance with an open-population mark-recapture model, POPAN (Aschettino 2010). 

With this model, Aschettino (2010) estimated the population to be 6,741 (95% CL 4,858 

– 8,628, CV = 0.14). It is important to note that this estimate represents the “super-

population” which is defined as the total number of individuals to have ever been present 

in the population throughout the course of the study (Schwarz and Arnason 1996).  

1.1.9.2. Structure of insular populations 

The documented occurrence of melon-headed whales around several islands, in 

some locations very close to shore, has challenged the concept of melon-headed whales 

as a purely pelagic species (Brownell et al. 2009). Based on multiple years of sighting 

and photo-identification data, Aschettino et al. (2012) found evidence that at least two 

distinct populations occur in the main Hawaiian Islands. In addition, a comparison of life 

history traits and group composition from three mass strandings of melon-headed whales 

suggests that multiple populations may inhabit the waters around Japan (Amano et al. 

2013).  

Amano et al. (2013) examined specimens of two mass strandings of melon-

headed whales in Japan, one at Hasaki in 2001 and the other at Tanegashima Island in 

2002, and compared their results to data from a stranding at Aoshima in 1982. Sex ratios 

and the age composition of males were found to differ between the groups while the age 
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of females in the groups showed less variability (Amano et al. 2013). The authors suggest 

that these results may indicate that females exhibit philopatry to the group while males 

move freely among groups depending upon the reproductive status of the females 

(Amano et al. 2013). Differences between the asymptotic length of adult females 

stranded at Hasaki with those from the other stranding locations, and evidence of genetic 

differentiation from mitochondrial control region analysis, were also cited as possible 

indicators of multiple populations in Japanese waters (Amano et al. 2013).   

Sighting and photo-identification data collected from 2000 to 2009, along with 

social network analyses, indicates that at least two populations of melon-headed whales 

are found in the main Hawaiian Islands (Aschettino et al. 2012). One population, referred 

to as the Main Hawaiian Islands population, was estimated to contain a large number of 

individuals (! = 5,794), was only seen in deep water, and was documented throughout 

the islands (Aschettino et al. 2010, 2012). In contrast, the size of the Hawai’i Resident 

population was estimated to be much smaller (! = 447), was only encountered near the 

island of Hawai’i, and occurred in shallower water than the Main Hawaiian Islands 

population (Aschettino et al. 2010, 2012). Social network analysis and estimates of the 

dispersal rate between populations indicates that these two populations are 

demographically independent (Aschettino et al. 2012).  

1.1.9.3. Previous work in the Marquesas Islands 

In the Marquesas Islands of French Polynesia, melon-headed whales have been 

documented around eight islands (Fig. 1.7). Gannier (2002) conducted dedicated surveys 

for cetaceans during the austral summer of 1998 – 1999 and melon-headed whales were 
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the fourth most frequently encountered species. They were most often observed in large 

groups (mean group size = 85.1) and were seen in coastal waters around Eiao, Hiva Oa, 

Tahuata, Nuku Hiva, Ua Huka, and Fatu Hiva. Aerial surveys conducted as part of the 

REMMOA project (Recensement des Mammiféres marins et autre Mégafaune pélagique 

par Observation Aérienne) in 2011 detected melon-headed whales 4 times with an 

estimated total number of individuals of 370 (Van Canneyt et al. 2011).  

To understand the structure and abundance of cetaceans in the archipelago, Poole 

et al. (2013) conducted Expedition Marquesas in 2012. Dedicated boat-based surveys of 

the waters around six islands – Hiva Oa, Tahuata, Mohotani, Ua Huka, Ua Pou, and Nuku 

Hiva – were performed to inventory all cetaceans. When a group was sighted, photo and 

biopsy samples were collected of as many individuals as possible. Group size was 

determined by a pair of researchers, who conducted counts of the number of individuals 

visible on the surface as the boat passed slowly through the group and then reached a 

consensus on the number of dolphins in the group. Melon-headed whales were 

encountered 15 times around the islands of Mohotani, Ua Huka, Ua Pou, and Nuku Hiva 

and they were often seen in large resting groups (median = 276) within 400 m of shore.  

1.2. Principal methodology 

The photo-identification of individual melon-headed whales is the foundation of 

the work presented in this thesis. The ability to document sightings of individuals 

provides information that can be used to estimate abundance in a mark-recapture 

framework and allows for the investigation of the movement of individuals within the 

study area. In addition, the compilation of a catalog of identifiable individuals lays the 
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groundwork for future photo-identification studies of melon-headed whales in the 

Marquesas Islands. 

1.2.1. Photo-identification 

1.2.1.1. Identification of individuals 

The ability to identify and track individuals over time and space is an important 

tool in the investigation of animal populations (Wells 2009). Repeated observations of 

identified individuals can provide a variety of information related to animal movement, 

habitat use, population dynamics, and life history patterns (Wells 2009). When data 

derived from multiple individuals are combined, population level questions can be 

investigated, such as birth and death rates, recruitment, and population size and structure 

(Wells 2009).  

Various methods have been devised to identify individuals in the field, from the 

application of artificial tags or markings to identification based on naturally occurring 

markings. Artificial methods of marking have been developed to aid in the identification 

of individual animals in a variety of taxa and can be classified into three general 

categories: mutilations, tags and bands, and electronic tags or radio/satellite transmitters 

(Murray and Fuller 2000). Most require the capture and immobilization of individual 

animals for initial marking and may or may not require subsequent capture occasions for 

data collection, depending upon the type of mark used.  

Artificial markings have seen limited use with cetaceans, largely due to the 

expense - both logistically and financially - inherent in their deployment, as well as the 

difficulty in devising methods that meet the basic assumptions of tagging studies (Scott et 
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al. 1990). While artificial markings are designed to be unique, many types have proven 

difficult to read unless the animal was recaptured and most are temporary due to the drag 

created by the device (Scott et al. 1990). In addition, capture induces stress that likely 

affects behavior post-capture, potentially introducing bias into study results. In a study of 

captive bottlenose dolphins outfitted with a bio-logging tags, the animals were found to 

adjust for the drag induced by the tag by reducing swimming speeds (van der Hoop et al. 

2014).  

As a result of the constraints of artificial markings discussed above, the use of 

natural markings to identify individuals has become widespread in cetacean research. 

Many species exhibit pigmentation or scarring patterns that can be used to identify 

individuals and using these natural markings provide several benefits over traditional 

tagging methods. First, no direct interaction with the animal is required, thereby reducing 

risk to the animal as well as to researchers (Scott et al. 1990).  In addition, since capture 

is not required, the use of natural markings provides data that is relatively inexpensive 

and easy to obtain and the sighting process likely has little effect on behavior (Scott et al. 

1990). Finally, the natural markings chosen for identification tend to be long-lasting and 

undergo very little change throughout the life of the animal (e.g., Carlson et al. 1990; 

Dufault and Whitehead 1995; Blackmer and Anderson 2000; Aschettino et al. 2012).  

The use of natural markings to identify individual cetaceans came of age in the 

early 1970s (Würsig and Jefferson 1990). Since that time, visible features of many of the 

large whales have been used to identify individuals, such as the pigmentation pattern and 

shape of tail flukes in humpback whales (Friday et al. 2000), dorsal fin nicks, notches, 
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and shape in minke whales (Balaenoptera acutorostrata; Bertulli et al. 2013), and 

callosity pattern and pigmentation on the heads of right whales (Eubalena sp.; Best and 

Underhill 1990; Frasier et al. 2009). It was also recognized that small cetaceans possess 

individually identifiable features (Würsig and Jefferson 1990). The trailing edge of the 

dorsal fin is the most commonly used feature to identify small cetaceans due to the 

tendency for this area to incur nicks, notches and deformities (Würsig and Jefferson 

1990), as well as the fact that the dorsal fin is generally the most often visible feature. In 

some species, shape of the dorsal fin along with pigmentation and scarring patterns on the 

fin and body are also used (Würsig and Jefferson 1990).   

1.2.1.2. Distinctively marked individuals 

In many species of small cetaceans, only a proportion of the population is 

identifiable by markings on the dorsal fin (Würsig and Jefferson 1990). The number and 

size of markings differ among individuals and marks tend to accumulate with age. A 

well-marked or distinctively marked individual (DMI) is one that has either very 

distinctive single markings or deformations to the dorsal fin, or that possesses an 

adequate number of markings that misidentification with a similarly marked dolphin is 

unlikely (Würsig and Jefferson 1990; Oremus et al. 2007). The proportion of identifiable 

individuals in a population differs with species (Würsig and Jefferson 1990). For 

example, in bottlenose dolphin populations, over 50% of individuals are often identifiable 

while for species such as Pacific white-sided dolphins as few as 20% or less may be 

identifiable (Würsig and Jefferson 1990).  
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1.2.1.3. Photo-identification of cetaceans 

The photo-identification of distinctively marked individuals (DMIs) based on 

natural markings has been widely used in the study of many cetacean species. 

Photographs provide a record of sightings of DMIs and, in many cases, enable 

researchers to accomplish identifications at a later time that may have been missed in the 

field (Scott et al. 1990). The proliferation of photo-identification studies is largely due to 

advances in photographic technology that have reduced the financial and time costs 

associated with the collection, processing, and analyses of large photographic datasets 

(Markowitz et al. 2003). The advent of digital photography and the development of 

higher resolution and less expensive cameras, along with advancements in the storage 

and processing of digital media, continue to enhance the attractiveness of photo-

identification for field studies (Markowitz et al. 2003).  

Since its first use as a research tool in the mid-1970s, photo-identification has 

become a primary methodology of cetacean research. According to Würsig and Jefferson 

(1990), the first photo-identification studies of cetaceans began independently within a 2–

3-year period in the 1970s and involved four odontocete and two mysticete species. 

Würsig and Würsig (1977) are credited with being among the first to use photo-

identification for the study of dolphins when they photographed bottlenose dolphins from 

a land station at Peninsula Valdés, Argentina (Samuels and Tyack 2000). Since that time, 

the use of photo-identification has been employed in studies of the majority of dolphin 

species (Table 1.1).  
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Initial photo-identification studies focused on research questions that could be 

answered with data collected over relatively short periods of time. The objectives of these 

studies focused on such areas of research as behavior, group composition, fidelity of 

individuals to the group, distribution, short-term movement patterns of individuals, and 

migration (Wursig and Jefferson 1990).  As photo-identification datasets grew and 

researchers collected data from populations over multiple field seasons, it was realized 

that a whole suite of questions regarding population parameters and life history traits 

could be addressed (Samuels and Tyack 2000). 

The Sarasota Dolphin Research Program provides a prime example of the 

information that can be obtained from long-term studies. This program, which currently 

spans more than four decades, has collected over 520,000 photographs of more than 

5,440 individual bottlenose dolphins in Sarasota Bay, Florida (Wells 2015).  The ability 

to identify individuals over a long period of time has enabled investigation of a variety of 

research questions including movements and habitat use of individual dolphins, life 

history parameters and foraging ecology of the population, and anthropogenic threats to 

the conservation and preservation of bottlenose dolphins in the bay (Wells 2015).  

1.2.2. Capture-recapture methods and assumptions 

Not long after the first use of photo-identification in cetacean studies, researchers 

realized that capture-recapture methods could be used to estimate a variety of population 

parameters (Hammond 1986).  Estimates of abundance were of particular interest since 

feasible estimates provide a basic description of the population and provide information 

critical to effective management and conservation (Hammond 1990). However, it was 
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also realized that the use of capture-recapture estimators should be approached with 

caution since violating the basic assumptions of capture-recapture methodology can 

greatly affect the precision and accuracy of estimates (Hammond 1986). 

The methods used to estimate population parameters based on the capture, 

release, and subsequent recapture of individuals have been referred to by a variety of 

names in order to more accurately reflect the particular sampling method used. For 

example, mark-recapture refers to sampling involving the capture, marking, release, and 

subsequent recapturing of individuals while mark-resight has come of use for sampling in 

which individuals undergo an initial marking, either through the application of artificial 

marks or through the identification of identifying marks, and are then re-sighted without 

recapture.  For the purposes of mark-recapture analysis based on the photo-identification 

of individuals, identifying an individual based on natural features is equivalent to 

marking and resighting that same individual later is equivalent to a recapture. In order to 

differentiate between the two mark-recapture methods used here, both mark-recapture 

and mark-resight will be used with the first referring to the two-sample closed-population 

methods attributed to Lincoln and Petersen (Manly et al. 2010) and modified by 

Chapman (1951) and the second referring to the methods developed by McClintock and 

White (2009).  

1.2.2.1. Mark-recapture assumptions 

The assumptions of mark-recapture analysis are (adapted from Seber 1973; 

Hammond 1986; Urian et al. 2015): 
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1) The population is closed or, more accurately, the effects of migration, 

mortality, and recruitment on the population are negligible throughout the 

primary sampling occasion. 

2) All individuals have the same probability of capture during the initial marking 

occasion. 

3) Marking does not affect subsequent catchability or survival of the individual. 

4) During subsequent sampling occasions, all marked individuals have an equal 

chance of being sighted.  

5) Marks are unique and individuals do not lose their marks or the marks do not 

change between sampling occasions. 

6) All resightings of marked individuals are accurately recorded. 

For assumption 1 to remain valid, the time period between sampling occasions is 

generally of short enough duration that changes in the population due to deaths, births, 

emigration, or immigration are not likely to occur (Seber 1973). Methods have been 

developed to account for the violation of closure but since this thesis involves a dataset 

spanning a relatively short period of time, open-population mark-resight will not be 

discussed here. Assumptions 2, 3, and 4 are related to the behavior of researchers and the 

animals (Urian et al. 2015). Violation of assumption 3 is unlikely in photo-identification 

surveys since direct interaction between researchers and animals does not occur (Parra et 

al. 2006).  In order to avoid violating assumptions 2 and 4 during photo-identification 

surveys of small cetaceans, the majority of researchers attempt to photograph all 

individuals regardless of markings (e.g., Williams et al. 1993; Wilson et al. 1999; but see 
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Würsig and Jefferson 1990). As discussed by Urian et al. (2015), in photo-identification 

studies, assumptions 5 and 6 are related to the quality of the photographs used in the 

analysis. Meeting these assumptions are, therefore, dependent upon effective quality 

assessment methods as well as ensuring that the type and number of marks used to 

identify individuals is appropriate (Urian et al. 2015). 

1.2.2.2.  Two-sample closed-population models 

Mark-recapture methods were first used for populations that were assumed to be 

closed over the study period (Manly et al. 2010). Laplace is largely credited as the first 

(though it appears that Graunt used a similar method some 200 years earlier) to use mark-

recapture methods in 1802, when he estimated the population of France using the ratio of 

births (representing the marked sample) to the total number of individuals in a sample of 

communities (Manly et al. 2010).  Petersen used this method to sample fish populations 

in 1896 (Le Cren 1965). However, it is believed that he did not use it to derive population 

estimates (Le Cren 1965). Instead, this distinction goes to Dahl who used it to estimate 

the size of trout populations in Norwegian tarns (Le Cren 1965). Lincoln was the first to 

apply it to terrestrial wildlife when he estimated duck populations based on the number of 

leg bands returned by hunters in 1930 (Chao and Huggins 2010). The basic two-sample 

closed-population model has therefore become largely known as the Lincoln-Petersen 

estimator (Chao and Huggins 2010).  

The two-sample mark-recapture (or more appropriately, capture-mark-recapture) 

method involves an initial sampling occasion during which individuals from the 

population of interest are captured, marked, and released (Chao and Huggins 2010). After 
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an adequate amount of time has passed to allow the marked individuals to mix with the 

rest of the sample population, a second capture occasion is conducted (Seber 1973; Chao 

and Huggins 2010). This method assumes that the proportion of the marked individuals 

re-captured during the second occasion is a reasonable estimate of the proportion of 

marked individuals in the population (Seber 1973). Therefore, 

)*
+*
≈ +-

. , 

where,  

n1 = the number of individuals captured and marked during the first sampling 

occasion.  

n2 = the number of individuals captured during the second sampling occasion. 

m2 = the number of marked individuals captured during the second occasion. 

N = the total population size. 

To estimate the total number of individuals in the population then,  

! =	+-+*)*
. 

However, Chapman (1951) realized that the Lincoln-Petersen estimator is biased 

and that this bias increases as sample size decreases (Seber 1973). In the extreme 

example, if m2 is equal to 0, the estimate of N goes to infinity (Chao and Huggins 2010).  

Chapman (1951) modified the estimator to adjust for such cases so that, 

! = (+-12)(+*12)
()*12)

− 1 . 

1.2.2.3. Mark-resight models 
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Recall that one of the assumptions of closed-population mark-recapture analysis is 

that capture probabilities are equal between individuals. However, this assumption is 

recognized as an unrealized expectation for wildlife populations (Otis et al. 1978; Chao 

1987). Heterogeneity in capture probabilities is generally attributed to: 1) temporal 

variation in observers, weather, habitat, and other environmental factors, 2) the response 

of animals to the capture event (often referred to as “trap happy” or “trap shy”), and 3) 

physical and behavioral differences of individual animals (Otis et al. 1978; McClintock et 

al. 2006). For mark-resight data, behavioral response to sampling is unlikely since 

animals are not handled for capture, but temporal variation and individual heterogeneity 

likely influence sighting probabilities.  

Several closed-population models that attempt to account for individual 

heterogeneity in capture probabilities have been developed (e.g., Otis et al. 1978; Chao 

1987). However, many of these models have been shown to provide biased and imprecise 

estimates (Neal et al. 1993; McClintock et al. 2006). In addition, most assume that 

sampling is conducted without replacement within discrete sampling occasions (e.g., the 

joint hypergeometric maximum likelihood estimator; Bartmann et al. 1987). This requires 

that all marked individuals in the population are sighted at the most once within the 

sampling occasion and essentially eliminates data on additional sightings of a marked 

individual (McClintock et al. 2009).  

The development of more advanced and less invasive sampling methods in which 

an individual may be sampled multiple times, such as radio-telemetry, camera trapping, 

photo-identification, and non-invasive genetic sampling, have necessitated the 
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formulation of models based on sampling with replacement (Miller et al. 2005; 

McClintock et al. 2006). In these sampling scenarios, the closed sampling period cannot 

be divided into discrete sampling events during which individuals are sighted only once 

(McClintock et al. 2009). In addition, most models require that the number of marks in 

the population be known exactly but in some circumstances information on the number of 

marks is not available (e.g., individual identification based on natural markings; 

McClintock et al. 2009).  

For cases where sampling is with replacement and/or the number of marked 

individuals is unknown, McClintock et al. (2009) developed the Poisson log-normal, 

mixed-effects model (PNE). Similar to the two-sample closed-population mark-recapture 

model, the PNE assumes that: 1) the population is demographically and geographically 

closed during the primary sampling occasion, 2) marks are not lost, and 3) marks are 

accurately recorded. However, under the PNE, re-sighting probabilities (analogous to 

capture probabilities) may differ between individuals but are assumed to share a similar 

distribution. In addition, since individuals must be individually identifiable, information 

on the number of captures per individual can be used to estimate the degree to which 

heterogeneity in sighting probabilities influences the overall mean resight rate 

(McClintock et al. 2009). This provides a correction to the population estimate and 

provides a means to account for bias introduced by unequal sighting probabilities 

(McClintock et al. 2009). 

Data on the total number of sightings of marked individuals and the total number 

of unmarked individuals seen during each primary sampling occasion are incorporated 
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into the model to estimate model parameters (McClintock et al. 2009). For scenarios 

where the number of marked individuals is unknown, the PNE is zero-truncated (ZPNE) 

since information on the number of marked individuals never sighted is unavailable 

(McClintock et al. 2009).  For closed-population analyses, the ZPNE estimates the 

number of marked individuals in the population, the mean resight rate, and the level of 

individual heterogeneity in sighting probabilities during the primary sampling occasion 

(McClintock et al. 2009). These estimates are then used to derive estimates of the overall 

mean resighting rate, after accounting for individual heterogeneity, and the total number 

of individuals in the population during the primary sampling occasion (McClintock et al. 

2009). Since the PNE is computationally involved, PNE is included in the statistical 

software Program MARK (White and Burnham 1999). 

1.2.3. Individual identification and group size 

Frequently, authors report on estimates of group size when publishing data from 

cetacean surveys. Several methods have been used to determine the number of 

individuals in groups such as: observers reaching a consensus on the number of 

individuals in encountered groups (e.g., Dolar et al. 2006); observers estimating a 

minimum, maximum, and best estimate of group size (e.g., Aschettino et al. 2012); and 

multiple observers independently estimating group size and then an average computed of 

all observer estimates and recorded (Mangels and Gerrodette 1994). In a limited number 

of studies, observers attempt to visually count all individuals in a group (e.g., Oremus et 

al. 2007; this thesis).  
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Previous studies have shown that estimates provided by observers tend to 

underestimate the true group size, especially as group size increases (Scott et al. 1985). 

Several factors contribute to this bias, such as the sighting conditions, the experience 

level and individual biases of the observers, and the behavior of the animals (Graham and 

Bell 1969; Scott et al. 1985). When attempting to visually count all individuals, the 

behavior of the subjects takes on added importance since it can be difficult to keep 

account of those individuals already counted, especially for species that are highly 

mobile.  

Field methods have been developed to attempt to reduce the influence of these 

biases. For example, cetacean surveys are frequently limited to fair weather and calmer 

sea states to minimize detection bias introduced by the sighting conditions (e.g., Baird et 

al. 2008; Palacios et al. 2012).  Some surveys, especially line-transect surveys conducted 

aboard larger vessels, employ multiple observers with frequent changes in observation 

positions and off-effort rest breaks to minimize personal biases and biases resulting from 

fatigue (e.g., Mangels and Gerrodette 1994; Barlow et al. 2001; Barlow et al. 2008). 

However, accounting for individual heterogeneity in behavior is much more difficult. 

Differences in behavior, such as individuals that are attracted to the survey vessel or that 

spend more time submerged than others, have a great influence on the visual availability 

of individuals and, therefore, a great influence of the ability to accurately count all 

individuals.  

Group size estimates can be improved by identifying individuals and 

incorporating information on the number of sightings per individual into a mark-resight 



	

	

28 

model. Models that allow for differences in capture (i.e., sighting) probabilities between 

individuals as well as sampling with replacement, such as the PNE, hold promise since a 

level of individual heterogeneity is estimated by the model and this level is used in the 

estimation of the total number of individuals (McClintock et al. 2009). In addition, the 

PNE allows for modeling covariates, such as environmental and climatic conditions, that 

may influence visual estimates of group size and provides estimates of variance in the 

form of confidence limits and CVs (McClintock et al. 2009).  

1.3. Scope of thesis 

1.3.1. Objectives 

In this thesis, I assembled the first photo-identification catalog for melon-headed 

whales in the Marquesas Islands of French Polynesia and used information on the number 

of sightings of both marked and unmarked individuals to investigate group size, local 

movement, and overall abundance in the islands. The records were made available 

courtesy of M. Michael Poole and are part of a larger project to photographically, 

acoustically, and genetically survey cetaceans in all five of French Polynesia’s 

archipelagoes (Poole et al. 2013). I first compiled a photo-identification catalog 

consisting of quality images of distinctively marked individuals (DMIs) extracted from 

photographs obtained during surveys for odontocetes around six of the Marquesas 

Islands: Hiva Oa, Mohotani, Tahuata, Ua Huka, Ua Pou, and Nuku Hiva. I used capture- 

recapture models to estimate the total number of individuals in each encountered group 

using information on the number of quality images of both marked and unmarked 

individuals. I also examined the movement of individuals between islands by comparing 
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images of DMIs obtained at one island with those collected at the other islands. Finally, I 

estimated the total number of melon-headed whales for each island independently using 

sighting information from pairs of encounters at each island and then combined these 

estimates to derive a minimum abundance estimate for the Marquesas Islands. 

1.3.2. Methodological approach 

To accomplish the objectives of this thesis, I processed and analyzed photographs 

of melon-headed whales collected during surveys conducted in March and April of 2012. 

Images of DMIs were reconciled both within and between encounters in order to identify 

all images of individual DMIs and a photo-identification catalog, consisting of all quality 

images of each DMI, was compiled.  

Construction of the catalog was a four-step process consisting of 1) identifying 

and cropping individual dorsal fins from each photograph, 2) evaluating the quality of the 

cropped dorsal fin image, 3) assessing the degree of distinctiveness of dorsal fins in each 

image, 4) reconciling images both within and between encounters. Terms used 

throughout this thesis are defined below: 

Distinctively marked individual (DMI) – an individual melon-headed whale 

that possesses a dorsal fin with distinctive cuts, nicks, notches, or deformities of 

sufficient size and/or number so that misidentification is unlikely. 

Encounter – A discrete sampling occasion during which groups of melon-headed 

whales are detected, approached, and photographed.  
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Group – a collection of individual melon-headed whales congregated in the same 

general location that exhibit similar behavior (e.g., milling, socializing, resting, or 

travel).  

Image – A cropped portion of a photograph in which the dorsal fin of a single 

melon-headed whale has been isolated so that the dorsal fin comprises the 

majority of the image.  

Marked individual (MI) – An individual melon-head whale that possesses at 

least one type of marking, regardless of size, on the dorsal fin.  

Non-DMI – An individual melon-headed whale whose dorsal fin does not contain 

nicks, cuts, notches, or deformities of adequate size or number to consistently 

make a positive identification. 

Non-MI – An individual melon-headed whale whose dorsal fin is nearly perfect 

so that no identifying markings can be identified. 

Photograph – The photograph obtained in the field versus an image of a dorsal 

fin. Photographs often contained multiple visible dorsal fins. 

Poor quality image – A dorsal fin image that is assessed a score in at least one 

quality category that is below the specified quality threshold. 

Quality image – A dorsal fin image for which scores in all quality categories met 

or exceeded the specified quality threshold. 

Reconciliation – The comparison of images in order to identify all images of 

each individually identified melon-headed whale. 

1.4. Structure of thesis 
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This first chapter of my thesis provides an overview of what is currently known 

about melon-headed whales, describes the use of natural markings to identify individuals, 

and provides an overview of the analytical techniques used to estimate the number of 

individuals in groups and the abundance of melon-headed whales in the Marquesas 

Islands.  

 The second chapter, titled, “Creation of the first melon-headed whale 

(Peponocephala electra) photo-identification catalog for the Marquesas Islands”, 

describes the methodology used to process, analyze, and reconcile dorsal fin images in 

order to construct the photo-identification catalog. Although primarily methodological, 

the cross-validation exercise and estimate of markings in the Marquesas and around the 

Big Island of Hawai’i is intended for publication as a note in Marine Mammal Science 

with Michael Poole, Renee Albertson, C. Scott Baker and collaborators from Cascadia 

Research (Olympia, Washington), Jessica Aschettino, Sabre Mahaffy, and Robin Baird. 

The third chapter, titled, “Group size, local movement, and minimum abundance 

of melon-headed whales (Peponocephala electra) in the Marquesas Islands of French 

Polynesia”, uses data gathered during the photo-identification process described in 

chapter 2 to estimate group size, examine movement of individuals between islands, and 

estimate the total abundance of melon-headed whales in the area.  

Chapter 3 forms the foundation of a manuscript to be published with the same title 

and with the following authors: John R. McClung, M. Michael Poole, G. Renee 

Albertson, Marc Oremus, and C. Scott Baker. Information from chapter 2 on the 
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formulation of the photo-identification process and the selection of dorsal fin images will 

be incorporated into the manuscript as well.   

The final chapter, “General Conclusions”, summarizes the main results from this 

thesis and discusses the conservation implications of this study.  
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Figure 1.1. Phylogenetic tree of the Delphinidae from Vilstrup et al. (2011). Phylogenetic 
relationships were determined based on mitogenomic analysis. Numbers at the nodes 
represent the posterior probabilities used in the analysis.  
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Figure 1.2. Artist depiction of the melon-headed whale (Peponocephala electra). Credit: 
painting by Sandra Doyle/Wildlife Art Ltd. from Kays and Wilson's Mammals of North 
America, © Princeton University Press (2002). http://naturalhistory.si.edu 
/mna/full_image.cfm?image_id=1870. Downloaded on April 12, 2016. 

	

	

Figure 1.3. Photograph of a melon-headed whale taken near Nuku Hiva, Marquesas 
Islands. Note the pointed flippers, rounded melon, and lack of beak that are diagnostic of 
this species. Photo by G. Renee Albertson. 
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Figure 1.4. Melon-headed whales near the coast of Mohotani, Marquesas Islands. The 
presence of large groups of melon-headed whales in close proximity to shore appears to 
be unique to the Marquesas Islands. Photo by M. Michael Poole. 
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Figure 1.5. Predicted range and observations of melon-headed whales. Data include observations of live and stranded individuals 
from the Ocean Biogeographic Information System (OBIS 2016) and published literature (see Literature Cited). The observation 
in Kenya appears to be a museum specimen of unknown origin. Observations from South Africa, the United Kingdom, the central 
east coast of the United States, and central east coast of Australia are strandings that have been attributed to incursions of warm 
water in these regions. Predicted range is courtesy of IUCN Redlist (IUCN 2016).
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Figure 1.6. Map of documented occurrences of melon-headed whales around oceanic islands. Data were obtained from OBIS 
(2016) and published literature.  
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Figure 1.7. Map of the Marquesas Islands showing islands where melon-headed whales have been documented. Names in italics 
indicate islands where Gannier (2002) encountered groups in 1998 – 99. Island names in bold indicate islands surveyed during 
Expedition Marquesas in 2012 (Poole et al. 2013) and underlined names indicate locations where Poole et al. (2013) encountered 
melon-headed whales. 
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Table 1.1. Features used to identify individuals in photo-identification studies of species in the family Delphinidae. Information in 
the marked proportion column refers to species where only a proportion of the population possesses adequate markings for 
identification. References are representative and do not necessarily include all published studies for a particular species. 

 
Species 

 
Features 

 
Marked prop. 

 
Reference 

Irrawaddy dolphin  
(Orcaella brevirostris) 

Dorsal fin markings. 
 

Yes Beasley et al. 2013 
 

Australian snubfin dolphin 
(Orcaella heinsohni) 

Dorsal fin markings. 
 

No Parra et al. 2011 
 

Killer whale  
(Orcinus orca) 

Size and, nicks, notches and deformities of dorsal fin. Saddle 
patch pigmentation pattern. 

No Keith et al. 2001 
Young et al. 2011 

Long-finned pilot whales  
(Globicephala melas) 

Markings on the dorsal fin. 
 

Yes Auger-Methe & Whitehead 2007 
Ottensmeyer & Whitehead 2003 

Short-finned pilot whales  
(Globicephala macrorhynchus) 

Nicks on dorsal fin, contour of saddle pigmentation, scars. 
 

Yes Miyashita et al. 1990 
Shane and McSweeney 1990 

False killer whales  
(Pseudorca crassidens) 

Marks and disfigurements to the dorsal fin. 
 

Yes Zaeschmar et al. 2014 
 

Pygmy killer whales 
(Feresa attenuata) 

Body scars and notches on or immediately adjacent to the 
dorsal fin. 

Yes McSweeney et al. 2009 
 

Melon-headed whale 
(Peponocephala electra) 

Nick, notches, and deformities to the dorsal fin. Yes Aschettino et al. 2011 

Tucuxi dolphin  
(Sotalia fluviatilis) 

Nicks, notches, and tears to dorsal fin. Yes Coimbra et al. 2015 

Guiana dolphin  
(Sotalia guianensis) 

Marks on dorsal fin. 
 

Yes De Faria Oshima et al. 2016 
 

Indo-Pacific humpback dolphin  
(Sousa chinensis) 

Pigmentation pattern on dorsal area, nicks, notches, and scars 
to dorsal fin. 

No Dungan et al. 2012 
Wang et al. 2016 
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Table 1.1. (Continued) 
    

Atlantic humpback dolphin  
(Sousa teuszii) 

Permanent nicks, notches, and damage to dorsal fin or 
temporary depigmentation, scars, and tooth rakes. 

Yes Weir 2015 
 

Rough-toothed dolphin  
(Steno bredanensis) 

Notches and shape of dorsal fin, pigmentation patterns, 
scarring. 

Yes Baird et al. 2008 
 

Pacific white-sided dolphin 
(Lagenorhyncus obliquidens) 

Damage to trailing edge of dorsal fin, variation in 
pigmentation patterns. 

Yes Morton 2000 
 

Dusky dolphin  
(Lagenorhynchus obscurus) 

Scars and notches on the dorsal fin. 
 

Yes Kügler 2014 
 

White-beaked dolphin 
(Lagenorhynchus albirostris) 

Markings on edge of dorsal fin. 
 

Yes Bertulli et al. 2015 
 

Risso’s dolphins 
(Grampus griseus) 

Dorsal fin markings, scars on body. 
 

No Hartman et al. 2015 
 

Common bottlenose dolphin 
(Tursiops truncatus) 

Notches on dorsal fin and back, body scars and pigmentation 
patterns. 

Yes Webster et al. 2014 
Brough et al. 2015 

Indo-Pacific bottlenose dolphin 
 (Tursiops aduncus) 

Nicks and notches on the leading and trailing edge of dorsal 
fin. 

Yes Brown et al. 2016 

Atlantic spotted dolphin 
(Stenella frontalis) 

Spotting patterns on body. No Elliser and Herzing 2015 

Spinner dolphin  
(Stenella longirostris) 

Marks to the dorsal fin Yes Oremus et al. 2007 
Dulau-Drouot et al. 2008 

Striped dolphin 
(Stenella coeruleoalba) 

Dorsal fin markings, markings on body Yes Bearzi et al. 2011 

Short-beaked common dolphin 
(Delphinus delphis) 

Dorsal fin markings, markings on body Yes Bearzi et al. 2011 
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Table 1.1. (Continued) 
    

Heaviside’s dolphins 
(Cephalorhynchus heavisidii) 

Dorsal fin markings Yes Elwen et al. 2008 

Hector’s dolphin  
(Cephalorhynchus hectori) 

Injuries to dorsal fin Yes Slooten et al. 1992 
Weir and Sagnol 2015 

Chilean dolphin 
(Cephalorhynchus eutropia) 

Dorsal fin markings and shape No Morgenthaler et al. 2014 
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2. CREATION OF THE FIRST MELON-HEADED WHALE (PEPONOCEPHALA 
ELECTRA) PHOTO-IDENTIFICATION CATALOG FOR THE 

MARQUESAS ISLANDS 

	
2.1. Abstract 

The photo-identification of uniquely marked individuals has formed the 

foundation of demographic studies of cetaceans for several decades. Over this time, 

advances in photographic technology have made the collection of large numbers of 

photographs both feasible and economical. The accumulation of large amounts of 

photographic data has required the development of efficient methods to assess, sort, and 

catalog these data. In addition, the use of permanent, natural markings to identify 

individual dolphins provides an important research tool, especially in remote areas where 

seasonal sampling is difficult. Melon-headed whales (Peponocephala electra) are a 

poorly studied dolphin that inhabit offshore tropical and temperate waters and nearshore 

waters of several oceanic islands.  Here we present the first photo-identification catalog 

for melon-headed whales in one of the most isolated archipelagoes in the world, the 

Marquesas Islands of French Polynesia. Small-boat surveys around six of the islands 

were conducted in March and April of 2012. Over 6,000 photographs of melon-headed 

whales were collected during 14 encounters around four islands: Mohotani, Ua Huka, Ua 

Pou, and Nuku Hiva. Each of these encounters represented a social group during resting 

or travel and the size of each group was determined by visual counts by experienced 

observers. 4,750 dorsal fin images were extracted from photographs and evaluated for 

quality and distinctiveness of the dorsal fin.  To evaluate the criteria used to assess 

quality and distinctiveness, a cross-validation analysis involving two experienced 
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researchers from an independent research group was conducted and demonstrated that 

refinement of the quality criteria was in order. Using the revised quality criteria, 1,182 

images were considered to be of sufficient quality for further analysis and of these, 63% 

(n = 750) included dorsal fins with at least some marking. Individual dorsal fins were 

then evaluated for distinctiveness based on the size, number, and shape of nicks, notches, 

and deformities, with particular attention paid to those markings that are likely to be 

visible from either side of the dolphin. Of the 1,182 quality images, 481 contained dorsal 

fins that were considered to be distinctive or very distinctive and were identified as 

distinctively marked individuals (DMIs). Images were then compared within and between 

encounters in order to identify multiple images (i.e., recaptures or resightings) of DMIs. 

Following reconciliation, 393 individual melon-headed whales were identified in the 

Marquesas Islands and added to the photo-identification catalog.  
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2.2. Introduction 

The photo-identification of individual dolphins has been used to investigate a 

wide range of biological and ecological questions for several decades (Defran et al. 

1990). In many locations, the collection of photographs over time has allowed for long-

term, longitudinal studies of local populations and have yielded information regarding 

abundance, reproduction and recruitment, association patterns, and movement and site 

fidelity (Mann 2000). In addition, as photographic technology has advanced so has the 

capability to collect large amounts of photographs during each sampling occasion (Urian 

et al. 2015). Therefore, efficient cataloging provides for the processing and analysis of 

large amounts of photographic data (Urian et al. 2015).  

Mark-recapture analysis based on photo-identification data has been widely used 

to estimate life history parameters and abundance of cetaceans (Hammond 1986; 

Hammond et al. 1990; Urian et al. 2015). In mark-recapture methodology, it is generally 

assumed that individuals are recorded accurately and that marks are permanent (Chao and 

Huggins 2005; Frasier et al. 2009; Urian et al. 2015). Thus, when using photo-

identification it is necessary to carefully consider the quality of photographs and the 

distinctiveness of individuals based on natural markings (Friday et al. 2000; Urian et al. 

2015).  In order to meet the mark-recapture assumptions of accurate recording and no 

loss of marks, an appropriate balance must be established between photo quality and 

individual distinctiveness (Friday et al. 2000; Urian et al. 2015). If individual 

identification is based on subtle features, only very high quality images can be used 

(Urian et al. 2015). Conversely, if identification is limited to highly distinctive markings 
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only, then standards of image quality can be relaxed (Urian et al. 2015). Therefore, 

reliable mark-recapture estimations based on photo-identification data are dependent 

upon well-defined quality and distinctiveness criteria.  

If the features selected are easily identifiable and long lasting, individual dolphins 

may be resighted many years after the initial sampling (Baird et al. 2009; Aschettino et 

al. 2012). Marks involving the loss of tissue (e.g., nicks or notches) or deformities to the 

dorsal fin appear most persistent and have been estimated to undergo very little change 

over time (Auger-Methe and Whitehead 2007). This characteristic of dorsal fin markings 

combined with the relatively long life expectancies of many dolphin species, enhances 

the value of photo-identification studies for populations in remote locations, especially 

since these areas are difficult to sample on a regular or seasonal basis.  

Although the power of photo-identification is well acknowledged for longitudinal 

studies, particularly estimates of abundance, it is less often used for estimating group 

size. Surveys of cetaceans typically rely on visual accounts or approximations of the 

number of individuals in a group. While this is relatively straightforward for small 

groups, larger groups present a challenge (Scott and Perryman 1985; Gerrodette et al. 

2002). The photo-identification of individuals, and information on the number of captures 

(i.e., sightings) of each identified individual, provides important information that, when 

combined with mark-recapture analysis, can improve on estimates of group size.  

Here we present the first photo-identification catalog for melon-headed whales in 

the Marquesas Islands, one of the most remote archipelagoes in the world. Very few 

studies of cetaceans have been conducted in these islands and the surveys conducted in 
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2012, referred to as ‘Expedition Marquesas’, represent the first multi-island photo-

identification and biopsy surveys of cetaceans ever conducted in the region (Poole et al. 

2013). Expedition Marquesas is part of a larger effort to genetically, acoustically, and 

photographically document cetaceans in order to better understand their population 

structure and abundance throughout the archipelagoes of French Polynesia (Poole et al. 

2013). Due to the logistical and financial difficulties inherent to research in the 

Marquesas Islands, our focus was on identifying individuals using marks that will likely 

persist for several years. In order to define the criteria appropriate for achieving this goal, 

we conducted a cross-validation analysis of the quality and distinctiveness criteria.   

2.3. Methods 

2.3.1. Survey effort and sighting protocol 

From 31 March to 26 April 2012, dedicated small-boat surveys for cetaceans were 

conducted at six islands in the Marquesas Islands: Hiva Oa, Tahuata, Mohotani, Ua 

Huka, Ua Pou and Nuku Hiva (Fig. 2.1). Each survey included the boat captain and a 

team of three or four experienced researchers (Poole, Oremus, Albertson, and Baker) as 

described in detail in Poole et al. (2013; http://blogs.oregonstate.edu/marquesas/cetacean-

project-introduction/).  

The primary objective of these surveys was to document the occurrence of 

cetaceans around the islands, to obtain photographs for individual identification and to 

collect biopsy samples for genetic analysis (Poole et al. 2013). Meteorological and ocean 

conditions were recorded every 30-45 minutes, or whenever they changed. When 

cetaceans were visually detected, the location, species, number of individuals, presence 
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of calves, and behavior were documented (Poole et al. 2013). To determine the number 

of individuals in encountered groups, two researchers independently counted the number 

of individuals visible as the boat passed slowly through the group. Upon completion of 

the pass, the researchers reached a consensus on the number of individuals present. 

Dorsal fins were targeted for photo-identification using Canon EOS 60D (18 megapixels, 

300 mm lens), Canon EOS 50D (15 megapixels, 300 mm lens), and Nikon D200 (10 

megapixels, 80 mm lens) digital still cameras. Photographs were compiled by species and 

by encounter at the conclusion of the surveys (Poole et al. 2013). 

2.3.2. Photo-identification 

2.3.2.1. Photograph and image processing 

Digital photographs from each encounter with melon-headed whales were 

examined in order to identify the number of dorsal fins visible in each photograph. 

Information on the location of the dorsal fin in the photograph (1st from left, 2nd from 

left, etc.), a sequential temporary ID number, and any other pertinent information (e.g., 

markings not on the dorsal fin, presence of calves, biopsy dart visible in the photograph, 

etc.) was recorded in a spreadsheet.  

Since a single photograph could contain multiple dorsal fins, dorsal fins in each 

photograph were isolated and cropped to an aspect ratio of 3x2 so that the dorsal fin 

comprised the majority of the frame (hereafter referred to as an image to distinguish from 

photographs obtained in the field). To aid in the reconciliation process, the image was 

rotated as needed so that the base of the dorsal fin was horizontal in the image. Photo 
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processing, organization, editing, and image matching was accomplished using ACDSee 

Mac Pro version 3.7 (ACD Systems International Inc., Seattle, WA USA). 

2.3.2.2. Image quality assessment 

Images were evaluated, regardless of markings on the dorsal fin, for photographic 

quality using four criteria: 1) focus, 2) contrast of the dorsal fin to the background, 3) 

orientation of the dorsal fin to the photographer, and 4) percentage of the dorsal fin 

visible in the image (Table 2.1; Oremus et al. 2007). Images were assigned a score for 

each criterion ranging from 1 for poor quality to 5 for high quality. In instances where 

multiple images of a single individual were captured in rapid succession and were 

attributed to the same sampling event (based on the position of the individual in relation 

to the photographer and to other melon-headed whales in the photograph), all images of 

that individual obtained within one minute were compared and the best quality image 

from the sequence identified and retained for further analysis.  

2.3.2.3. Dorsal fin distinctiveness assessment 

Marked individuals were classified using a two-step process. First, in order to 

compare results with other studies, dorsal fins possessing any visible marking, regardless 

of number or size, were identified as marked individuals (MIs). Individuals with nearly 

unmarked dorsal fins and that lacked any other form of marking (e.g., visible scars or 

markings on the body) were designated as non-MIs. Second, dorsal fins were evaluated 

for distinctiveness based on the size and number of cuts, nicks, or deformations, and on 

overall shape (Table 2.2; Oremus et al. 2007). Distinctiveness was scored on a scale from 



	

	

63 

1 for a nearly perfect dorsal fin with no markings, to 4 for a very distinctive dorsal fin 

containing large and/or numerous nicks, cuts, or deformations that are visible from either 

side of the animal.  

2.3.2.4. Quality control and distinctiveness assessment training  

A preliminary analysis of images suggested that the proportion of MIs in our 

dataset was significantly lower than proportions reported by other authors for other 

populations of melon-headed whales (Kiszka et al. 2008; Aschettino et al. 2012). This 

difference could be due to several factors such as the quality and distinctiveness criteria 

used, personal biases of the photo-analysts, or true differences in the proportion of 

marked individuals in one population compared to another. In order to minimize the 

influence of inexperience on the quality control and distinctiveness process, a training 

visit was arranged with Cascadia Research Collective in Olympia, Washington. Two 

researchers (J. Aschettino and S. Mahaffy) experienced in the photo-identification of 

small cetaceans and not associated with this study agreed to evaluate two subsets of 

images, one for quality and the other for distinctiveness. The results of these independent 

evaluations were compared to the initial assessment (conducted by J. McClung) of the 

same subsets of images and used as a training exercise to improve the quality control and 

distinctiveness methodology.  

Subsets of images were selected, regardless of image quality or dorsal fin 

distinctiveness, by first assigning each image a sequential numeric ID (e.g., 01, 02, …). A 

list of 50 numbers was generated using a random number generator and the images with 

corresponding numeric IDs used to create the quality dataset. Similarly, a list of an 
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additional 100 numbers was generated and the corresponding images compiled as a 

distinctiveness dataset. 

The Cascadia researchers were then asked to assess each of the images in the 

quality and dataset based on the criteria shown in Table 2.1. In addition, both evaluators 

used the method commonly employed in their home lab in which they assess a photo 

quality score – essentially a score based on the overall gestalt of the image. Similarly, 

evaluators assessed the distinctiveness of dorsal fins in the distinctiveness dataset using 

the criteria shown in Table 2.2.   

Once assessments were completed, scores for each image, average scores by 

criteria, and overall average scores for each image were compared between those 

assessed by the researchers from Cascadia and those assessed prior by J. McClung. The 

difference in mean scores for each criteria and for the overall quality of each image were 

compared using a paired t-test.    

2.3.3. Identification of DMIs 

All quality images of DMIs were compared in order to identify multiple images of 

a single DMI and to identify the best image of each DMI.  For DMIs possessing multiple 

images, all images were compiled into a single computer folder. G. R. Albertson, who 

was not involved with the photo-identification analysis, confirmed all matches.    

Each DMI was assigned a catalog ID consisting of a two-digit letter code for the 

species, a two-digit numeric code for the year, a two-letter code for the location, and a 

three-digit sequential numeric code (e.g., Pe12MQ-001). Image filenames were changed 

to reflect the catalog ID of the DMI. In instances where multiple images of a single DMI 
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were collected, the best image of that DMI was identified by appending the filename with 

_Best. Additional images of the DMI were renamed with the catalog ID followed by _b, 

_c, _d, as required.  

A custom metadata profile was created in ACDSee Mac Pro for each image. 

Profile fields were filled with information pertinent to each image. Field names and the 

information each field contains are presented in Appendix I. 

2.4. Results 

2.4.1. Encounter summary  

There were 15 encounters with groups of melon-headed whales on 12 separate 

days (Table 2.3). Of these, 10 encounters involved groups resting, milling, or socializing, 

four groups were observed traveling, and one encounter was of insufficient duration to 

determine group behavior. Visual counts of the number of individuals in each group 

ranged from 30 – 389 (n = 11, median = 276). 

All encounters were initiated during the morning hours (0653 – 1152 local time) 

and the total amount of time spent with each group ranged from 1 to 196 minutes. Time 

spent with resting groups was significantly greater than that spent with traveling groups 

(mean = 87 minutes and 19 minutes, respectively; two-sample t-test, p = 0.008). One 

encounter at Ua Pou on 13 April was terminated early due to weather. 

In total, 6,356 photographs were collected during 14 encounters - one encounter at 

Nuku Hiva on 21 April did not provide an opportunity to collect photographs (Table 2.3). 

The number of photographs collected per encounter varied from 13 to 1,006 (median = 
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424). When considering resting groups only, the median number of photographs per 

encounter was 477 (110 – 1,006).  

2.4.2. Photo-identification  

All photographs were examined for visible dorsal fins and yielded 4,750 dorsal 

fin images (Table 2.4). The total number of images by encounter ranged from 7 to 790 

(median = 272). For encounters with resting groups, the median number of images was 

415 (79 – 790). 

2.4.2.1. Quality controlled catalog of dorsal fin images and DMIs  

The evaluation of quality of images from all 14 encounters yielded 1,156 images 

of sufficient quality for further analysis (Table 2.4). For the purposes of creating the 

photo-identification catalog and compiling the dataset for the mark-resight analyses 

(discussed in the next chapter), only images with quality scores of 3 or greater in all 

categories were considered quality images. All other images were considered poor 

quality. One encounter at Nuku Hiva was terminated early and the photographs collected 

did not provide quality images. 

Of the 1,156 quality images, 724 (63%) were found to contain dorsal fins with at 

least one marking and were designated as marked individuals or MIs. The percentage of 

(MIs) varied by encounter (34 – 78%, median = 64%). When combining images from all 

encounters by island, the proportion of MIs was highest at Nuku Hiva (67%) followed by 

Ua Pou (64%), Mohotani (62%) and Ua Huka (45%; median = 63%).   
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After assessing dorsal fins for distinctiveness, 455 (39%) were evaluated as 

distinctive (3) or very distinctive (4) and were designated as DMIs. By encounter, the 

proportion of DMIs ranged from 28% to 52% (median = 36%). The proportion of DMIs 

by island was similar to the proportion of MIs with the highest proportion at Nuku Hiva 

(44%) and the lowest at Ua Huka (31%). The second highest proportion of DMI images 

was obtained at Mohotani (38%) followed by Ua Pou (35%).  

The remaining 701 dorsal fins received distinctiveness scores less than 4 and were 

classified as non-distinctively marked individuals (non-DMIs). Non-DMIs includes 

dorsal fins that were assessed to possess only simple markings that could not be used to 

reliably identify the individual in subsequent images (i.e., non-MIs). The proportion of 

non-DMIs was highest at Ua Huka (69%) followed by Ua Pou (65%), Mohotani (62%), 

and Nuku Hiva (56%).  

2.4.2.2. Cross-validation 

Quality scores provided by the Cascadia researchers for images in the quality 

dataset were generally lower than scores assessed by J. McClung prior to cross-validation 

(Fig. 2.2). Differences in average scores were significant between all pairs of evaluators 

(p < 0.001). When considering images with scores of >2 in all categories as quality 

images, 35 images were considered to be of sufficient quality during the initial 

assessment by J. McClung, 28 were considered quality by S. Mahaffy, and 13 were 

considered quality by J. Aschettino.  

S. Mahaffy assessed images using the criteria described in Table 2.1. When 

comparing by quality criteria, the average scores for each criterion assessed by S. 
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Mahaffy were lower than those assigned during the initial assessment by J. McClung, 

with the exception of the Orientation criterion. The greatest differences between average 

scores were in the Focus and Contrast criteria.  Differences between average scores for 

each criterion were significant (p < 0.05). 

When considering distinctiveness, S. Mahaffy and J. Aschettino evaluated dorsal 

fins in the distinctiveness dataset as more distinctive than J. McClung did during the 

initial assessment.  J. Aschettino and S. Mahaffy considered the majority of dorsal fins to 

possess sufficient markings to be identified as at least slightly distinctive (89% and 72%, 

respectively). For J. McClung, the percentage considered to be slightly distinctive, 

distinctive, or very distinctive was 47%.  

Once the cross-validation analysis was complete, results from the analysis were 

used to revise the quality criteria and a second evaluation of the quality dataset was 

accomplished by J. McClung (Fig. 2.3). When comparing scores from the first quality 

assessment to those assessed during the second scoring, the greatest changes to the mean 

scores for each criterion were for focus and contrast. The mean score for focus decreased 

from 3.18 to 2.52 and the mean score for contrast from 3.64 to 2.90. Prior to cross-

validation, 35 images in the quality dataset were considered to be quality images (scores 

of >2 for all quality criteria). After revising the quality criteria, 18 were considered to be 

quality images.  

2.4.3. Reconciliation of DMIs 

All 481 quality dorsal fin images of DMIs were compared both within and 

between encounters to identify multiple images (i.e., recaptures or resights) of the same 
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individual. Only one quality image was collected for the majority of DMIs (n = 285, 

72%), 78 DMIs were seen twice (20%), 17 were seen three times (4%), six were seen 

four times (1%), five were seen five times (1%), one was seen six times (0.2%) and the 

most quality images obtained of a single DMI was seven (n = 1, 0.2%; Fig. 2.4). After all 

reconciliation of the quality images in the catalog was complete, a total of 393 melon-

headed whales in the Marquesas Islands were classified as distinctively marked 

individuals. 

2.4.4. Photographic evidence of fisheries related injuries  

Of DMIs, 14 (3.6%) had linear cuts or deformities to the dorsal fin that were 

indicative of line entanglements (Fig. 2.5). No direct evidence of interactions with lines 

or fishing gear, such as lines wrapped around the dorsal fin or body, were documented 

but fresh wounds were noted on two individuals. One of these had a linear wound just 

below the dorsal fin from which tissue and what appeared to be some type of fiber was 

protruding (Fig. 2.6). 

2.5. Discussion 

2.5.1. A melon-headed whale catalog for the Marquesas Islands 

This chapter establishes the first photo-identification catalog for melon-headed 

whales in the Marquesas Islands. The only other descriptions of melon-headed whales 

using photo-identification were presented by Kiszka et al. (2008) and Aschettino et al. 

(2012). Kiszka et al. (2008) photo-identified dolphins, including melon-headed whales, 

around the island of Mayotte (Indian Ocean) and examined dorsal fins for injuries due to 
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interactions with fisheries. Aschettino et al. (2012) analyzed over ten years of melon-

headed whale photo-identification data in Hawai’i (North Pacific Ocean). Based on 

evidence from the photo-identification of individuals and analysis of their association 

patterns, at least two populations of melon-headed whales occur in the Hawaiian Islands. 

In addition, resights of individual dolphins between years and between islands provide 

evidence of wide-ranging movements and long-term site fidelity of individual melon-

headed whales. Based on the number of individuals who underwent changes to markings 

during the course of their study, Aschettino et al. (2012) estimated that melon-headed 

whales undergo mark changes an average of every 9.2 – 13.8 years. In addition, three 

melon-headed whales first photographed in 1986 were resighted 22 years later in 2008. 

This study spanned a period of ten years and demonstrates the important information 

obtained from long-term photo-identification records.  

2.5.2. Proportion of marked melon-headed whales 

Our analysis indicates that 63% of melon-headed whale dorsal fins photographed 

in the Marquesas Islands for this work possessed at least one mark (i.e., MIs). This 

proportion is less than that reported around the island of Mayotte and in the Hawaiian 

Islands. Kiska et al. (2008) considered any dolphin with nicks and distinctive features, 

including very small notches, to be identifiable. Using these criteria, they estimated that 

81% of melon-headed whales around Mayotte were individually identifiable. Aschettino 

et al. (2012) calculated the proportion of marked individuals using the same criteria and 

estimated that 85% of melon-headed whales in the Hawaiian Islands could be considered 

marked.  
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This difference in the proportion of MIs between the three archipelagoes appears 

largely driven by differences in what markings are considered distinctive. Results from 

the cross-validation analysis of distinctiveness indicate that the two independent 

evaluators considered a larger proportion of the dorsal fins in the dataset to be at least 

slightly distinctive (72% for J. Aschettino and 89% for S. Mahaffy compared to 47% for 

J. McClung). Part of this difference is explained by the consideration of other markings 

and more subtle characteristics, such as scars or marks on the body or the shape of the 

dorsal fin, when identifying an individual as marked. While the inclusion of other 

markings to determine distinctiveness may be suitable for other studies, a higher 

threshold of distinctiveness was deemed appropriate for the Marquesas in order to meet 

the assumption of accuracy when identifying marked individuals, especially since 

additional photo-identification surveys may not be conducted for several years.  

2.5.3. Cross-validation training and refining the quality criteria 

The cross-validation of the quality assessment suggested that more specific 

definitions for the quality criteria were needed. The assessment of quality is, by nature, 

somewhat subjective and in order to reduce potential bias introduced by this subjectivity, 

it is important to specifically define the threshold used to identify quality images (Urian 

et al. 2015).  Urian et al. (2015) conducted a study of photo-identification methods used 

by researchers from 12 different research groups and found that, while photo-

identification methods were largely similar between labs, the processes used to select, 

score, and match images varied greatly. All participants that provided protocols to the 

authors assessed the same four criteria: 1) focus, clarity, or sharpness, 2) contrast, 
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lighting, or exposure, 3) the angle of the dorsal fin to the photographer, and 4) the 

percentage of the fin visible in the image (Urian et al. 2015). However, when asked to 

report the number of images (from two encounters, each containing 50 images) that were 

of sufficient quality, responses ranged from 13 - 50 (Urian et al. 2015). Given the degree 

of variability between researchers, the authors recommend that the criteria used should be 

carefully evaluated and reported in the literature (Urian et al. 2015). 

 In the comparison of the cross-validation analysis reported here, the greatest 

differences in quality scores were for the focus and contrast criteria. A comparison of the 

scores for individual images provided by S. Mahaffy to the scores that were assessed 

prior to the cross-validation indicated that a more specific definition of focus was 

required. In particular, the criteria for a score of 3 in the focus criteria was more 

specifically defined and greater attention was given to determining if the degree of focus 

prevented the detection of minor nicks or notches.  

For the contrast criteria, differences were due to how the criteria is defined. In 

some photo-identification studies, researchers assess exposure as opposed to contrast. 

Exposure, or the amount of light per unit area, affects the detail of the object being 

photographed while contrast refers to the difference in color and brightness of the object 

and other objects in the same field of view. Determination of which criteria to use is 

dependent upon the markings used to identify individuals. If reliance is on more subtle 

markings, such as variation in pigmentation patterns or scarring, exposure is more 

appropriate since the ability to discern these features is dependent upon the amount of 

illumination of the dorsal fin. If, as in the case of this study, emphasis is on marks that are 
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visible from either side of the dolphin, contrast with the surrounding background is more 

appropriate. Therefore, assessments conducted after the cross-validation emphasized the 

contrast of the dorsal fin to the background. 

2.5.4. Evidence of fisheries interactions 

Markings on the dorsal fins of dolphins have been attributed to inter- and intra-

specific interactions, disease (Auger-Methe and Whitehead 2007; Kiszka et al. 2008), and 

interactions with fisheries (Baird and Gorgone 2005; Kiszka et al. 2008; Aschettino et al. 

2013). Of 255 individually identified melon-headed whales around the island of Mayotte, 

1.6% (n = 4) possessed injuries on the dorsal fin consistent with interactions with 

fisheries (Kiszka et al. 2008). In the main Hawaiian Islands, Aschettino et al. (2013) 

estimated that approximately 6.5% (107 of 1,646 identified individuals) of melon-headed 

whales had injuries consistent with line entanglements. For the Marquesas Islands, 3.6% 

of DMIs (14 of 393 DMIs) exhibited disfigurements suggestive of line entanglements. 

While documented cases of melon-headed whales caught incidentally in fishing gear are 

rare, these injuries suggest that melon-headed whales might be involved in depredation of 

fisheries (Kiszka et al. 2008) and that line entanglements likely occur with some 

frequency, even in remote regions of the world.  

The number of dorsal fins with injuries consistent with fisheries interactions is 

surprising given the limited amount of commercial fishing that occurs in the Marquesas 

Islands. The islands support a very limited number of small vessel long-lining operations 

that primarily provide fish for local markets (Smith 2013). Illegal fishing by factory ships 
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from other nations has been reported but information on the magnitude of these illegal 

operations is limited (Smith 2013).  

2.5.5. Conclusion 

In this chapter, I have described the process used to compile the first photo-

identification catalog of melon-headed whales in the Marquesas Islands. Since reliable 

photo-identification is dependent upon selecting quality images of sufficiently distinct 

individuals that can be recognized with high certainty (Urian et al. 2015), a cross-

validation procedure was used to evaluate and refine the quality and distinctiveness 

criteria. Information on the number of quality images of DMIs, resightings of DMIs, and 

the number of quality images of non-DMIs forms the foundation for the analysis of group 

size and abundance presented in the next chapter.  

The combination of long-lasting marks and a relatively long lifespan in melon-

headed whales illustrates the efficacy of photo-identification catalogs as a research tool, 

especially for isolated locations. The creation of a photo-identification catalog for the 

Marquesas Islands provides an important foundation for future studies of melon-headed 

whales in the Marquesas Islands. In remote areas such as the Marquesas Islands, where 

seasonal sampling is difficult due to logistical and financial limitations, the ability to 

document individual dolphins based on the photo-identification of permanent markings 

provides an important research tool. 
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Figure 2.1. Melon-headed whale encounters in the Marquesas Islands during Expedition Marquesas, 31 March 2012 – 26 April 
2012. Resting refers to groups observed logging, milling, or socializing.  
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Table 2.1. Image quality criteria. Images were assigned a score in each category. Adapted 
from Oremus (2008). 

Criterion Grade Description 

Focus 1 Very blurry 
 2 Blurry but general outline visible 
 3 Reasonable (slight blurring of some edges, most edges 

sharp), but small nicks not visible 
 4 Reasonable, small nicks visible 
 5 Excellent, everything in focus 

Contrast 1 Little contrast between edges of dorsal fin and background. 
Edges of dorsal fin blend in with background. 

 2 Too light or dark and some details are not seen 
 3 A little light or dark but all details are thought to be seen 
 4 A little light or dark but all details are clearly seen 
 5 Excellent 

Orientation 1 Perpendicular 
 2 > 45 degrees 
 3 About 45 degrees 
 4 < 45 degrees 
 5 Parallel 

Percentage Visible 1 < 60% visible 
 2 Between 60 and 80% visible 
 3 About 80% visible 
 4 Between 80 and 100% visible 
 5 100% visible 

	

	

	

Table 2.2. Dorsal fin distinctiveness criteria. Dorsal fins in quality images were 
categorized according to the type and number of marks on the dorsal fin. Adapted from 
Oremus (2008). 

Score Description 
1 Not distinctive; nearly perfect dorsal fin 

2 Slightly distinctive; small nicks, single simple notch, nicks and marks could be 
missed if photo is out of focus 

3 Distinctive; few notches with distinctive shape, slight deformation of the dorsal 
fin 

4 Very distinctive; multiple distinct notches and deformations 
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Table 2.3. Groups of melon-headed whales encountered during small-boat surveys in the Marquesas Islands during March and 
April of 2012. All times are in Marquesas Standard Time. Group size is from counts of the total number of individuals visible 
during the encounter. Resting indicates encounters during which the group exhibited resting, milling, or socializing behavior. 
Traveling indicates groups that were moving in a consistent direction. ND denotes no data. 

  Time    
Date Island Start End Minutes  Group size Behavior Photos  

4 Apr 2012 Mohotani 8:48 10:07 79 316 Resting 1006 
6 Apr 2012 Mohotani 9:19 10:25 66 318 Resting 755 

Island Total    145   1761 
9 Apr 2012 Ua Huka 8:40 9:53 73 285 Resting 441 

10 Apr 2012 Ua Huka 8:35 9:52 77 55 Resting 400 
Island Total    150   841 
12 Apr 2012 Ua Pou 7:20 8:48 88 300 Resting 712 
13 Apr 2012 Ua Pou 6:53 7:09 16 ND Resting 110 
14 Apr 2012 Ua Pou 7:08 10:24 196 389 Resting 513 
Island Total    300   1335 
17 Apr 2012 Nuku Hiva 8:03 10:41 158 276 Resting 991 
18 Apr 2012 Nuku Hiva 11:18 12:40 82 265 Resting 298 
21 Apr 2012 Nuku Hiva 7:28 8:19 51 ND Traveling 67 
21 Apr 2012 Nuku Hiva 8:24 8:25 1 ND ND 0 
23 Apr 2012 Nuku Hiva 7:53 7:58 7 ND Traveling 13 
25 Apr 2012 Nuku Hiva 8:31 9:02 31 237 Resting 514 
25 Apr 2012 Nuku Hiva 11:05 11:23 18 152 Traveling 424 
25 Apr 2012 Nuku Hiva 11:52 12:15 23 30 Traveling 112 
Island Total    371   2419 

Total    966   6356 
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Table 2.4. Photo-identification results compiled by island and by total for the Marquesas Islands. Images are of individual dorsal 
fins isolated and cropped from the photographs. Values in the Quality Images column are the number of images assessed a score 
of 3 or greater for all quality criteria. MIs represent individuals with dorsal fins containing at least one mark and non-MIs are 
individuals with dorsal fins with almost no markings. Values in the DMIs column are of the number of images (prior to 
reconciliation) containing dorsal fins considered distinctive or very distinctive and non-DMIs are those evaluated as slightly 
distinctive or not distinctive. Values in the parentheses are the percentage of the total quality images each quantity represents. 

 
Date 

 
Island 

 
Images 

Quality 
Images  

 
MIs (%) 

 
Non-MIs (%) 

 
DMIs (%) 

 
Non-DMIs (%) 

4 Apr 2012 Mohotani 755 215 125 (58) 90 (42) 78 (36) 137 (64) 
6 Apr 2012 Mohotani 705 145 100 (69) 45 (31) 60 (41) 85 (59) 

Island Total  1460 360 225 (62) 135 (38) 138 (38) 222 (62) 
9 Apr 2012 Ua Huka 462 69 31 (45) 38 (55) 20 (29) 49 (71) 

10 Apr 2012 Ua Huka 161 67 34 (48) 36 (52) 22 (33) 45 (67) 
Island Total  623 136 62 (45) 74 (55) 42 (31) 94 (69) 
12 Apr 2012 Ua Pou 221 114 80 (70) 34 (30) 35 (31) 79 (69) 
13 Apr 2012 Ua Pou 79 35 12 (34) 23 (66) 9 (26) 26 (74) 
14 Apr 2012 Ua Pou 333 52 36 (69) 16 (31) 27 (52) 25 (48) 
Island Total  633 201 128 (64) 73 (36) 71 (35) 130 (65) 
17 Apr 2012 Nuku Hiva 790 147 97 (66) 50 (34) 72 (49) 75 (51) 
18 Apr 2012 Nuku Hiva 272 53 23 (43) 30 (57) 16 (30) 37 (70) 
21 Apr 2012 Nuku Hiva 28 11 7 (64) 4 (36) 5 (45) 6 (55) 
23 Apr 2012 Nuku Hiva 7 0 0 0 0 0 
25 Apr 2012 Nuku Hiva 415 139 108 (78) 31 (22) 70 (50) 69 (50) 
25 Apr 2012 Nuku Hiva 381 70 52 (74) 18 (26) 30 (43) 40 (57) 
25 Apr 2012 Nuku Hiva 141 39 22 (56) 17 (44) 11 (28) 28 (72) 
Island Total  2034 459 309 (67) 150 (33) 204 (44) 255 (56) 

Total  4750 1156 724 (63) 432 (37) 455 (39) 701 (61) 
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Figure 2.2. Comparison of quality scores assessed during cross-validation analysis. Scores were assessed for 50 randomly selected 
dorsal fin images using the set of criteria presented in Table 2.1. Average values represent the average of all criterion. Bold lines 
indicate the median value.  
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Figure 2.3. Comparison of quality scores before and after cross-validation. The 1st evaluation was accomplished prior to cross-
validation. After analyzing the results from cross-validation, images were reassessed for quality using the revised criteria. 



	

	

81	

	

Figure 2.4. DMI sighting frequencies. Bars depict the number of DMIs seen exactly once, twice, etc. Numbers above the bars are 
the numbers of DMIs for each category.  
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Figure 2.5. Quality images of DMIs with deformities suggestive of line entanglements.  
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Figure 2.6. Photograph of melon-headed whale with injury of unknown origin. There appears to something fibrous protruding 
from the posterior side of the wound. 
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3. GROUP SIZE, LOCAL MOVEMENT, AND MINIMUM ABUNDANCE OF 
MELON-HEADED WHALES (PEPONOCEPHALA ELECTRA) IN THE 

MARQUESAS ISLANDS OF FRENCH POLYNESIA 

	
	
	

3.1. Abstract 

Melon-headed whales (Peponocephala electra) are generally considered to be pelagic 

in their habitat use. However, around the Marquesas Islands of French Polynesia large 

groups are often observed resting and socializing in near shore waters during the daytime. 

Group size, local movement, and abundance are important for understanding these insular 

communities but are challenging to estimate when groups are large and highly localized. In 

addition, highly mobile marine species such as melon-headed whales make estimation of 

group size difficult since it is unlikely that all individuals present in the group are visually 

available at the same time. Using the photo-identification of 393 distinctively marked 

individuals (DMIs) from 14 encounters, we provide estimates of the number of individuals 

in large groups, identify inter-island movement of individuals, and provide a minimum 

abundance estimate of melon-headed whales in the Marquesas Islands. Using a Poisson, log-

normal mark-resight model (PNE), we estimated the size of resting groups to be larger than 

reported from visual counts (ratio of the difference between PNE group size estimates and 

visual counts range = 0.80 – 2.45, mean = 1.53), ranging from 80 to 775 (n = 9, median = 

458). We also confirmed the movement of eight DMIs between Ua Pou and Nuku Hiva, a 

distance of approximately 50 kilometers. Abundance estimates for each island from a closed 

population mark-recapture model were consistent with the Poisson, log-normal model and 

suggested a minimum abundance of 1,785 melon-headed whales (95% CL 1506 – 2065, CV 
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= 0.36) for all islands combined. Our study provides the first step in characterizing local 

communities of melon-headed whales around the Marquesas Islands – an area currently 

being proposed by the French Polynesia government for designation as a UNESCO World 

Heritage Site and Marine Protected Area. 
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3.2. Introduction 

Demographic and genetic separation between pelagic and inshore populations has 

been documented in several species of oceanic dolphins. For example, genetic studies of 

false killer whales (Pseudorca crassidens) in the Hawaiian Islands have identified restricted 

gene flow between three populations of false killer whales: a main Hawaiian Islands 

population, a Northwestern Hawaiian Islands population, and a pelagic population (Chivers 

et al. 2007, 2010; Carretta et al. 2013; Martien et al. 2014). Analysis of association patterns 

based on photo-identification records determined that false killer whales seen around the 

main Hawaiian Islands form a distinct, island-associated population that demonstrate no 

associations with groups encountered offshore (Baird et al. 2008). Genetic and photo-

identification analyses of spinner dolphins (Stenella longirostris) sampled in the Society 

Islands of French Polynesia found that distinct communities inhabit the nearshore waters of 

several islands and that these communities exhibit low levels of genetic and demographic 

interchange (Oremus et al. 2007). Genetic analysis of rough-toothed dolphins (Steno 

bredanensis) in the main Hawaiian Islands, Northwestern Hawaiian Islands, French 

Polynesia and Samoa found strong genetic differentiation among islands and among 

archipelagos and identified island-specific populations that exhibit genetic isolation from 

other populations in the same archipelago (Albertson et al. 2017). In general, inshore 

populations tend to exhibit strong geographic fidelity to nearshore waters and, in some 

cases, show little movement between islands (Karczmarski et al. 2005; Baird et al. 2008).  

These island-associated populations consist of stable groups in which individuals form long-

term associations and group membership changes little over time (Karczmarski et al. 2005; 



	

	

89	

Oremus et al. 2007). Island-associated populations appear to be behaviorally and socially 

discrete from pelagic populations and often display limited interchange between populations 

(Baird et al. 2008).  

It is theorized that these patterns of demographic and genetic separation among 

populations of the same species are largely driven by habitat differences, such as the 

persistence and availability of resources and the level of habitat isolation (Bowler and 

Benton 2005; Andrews et al. 2010). In an otherwise oligotrophic region of the Subtropical 

Gyre of the South Pacific, the Marquesas Islands are associated with persistent 

phytoplankton production (Signorini, McClain and Dandonneau 1999). The Southern 

Equatorial Current interacts with the steeply sloping sides of the islands to produce cyclonic 

eddies to the west and northwest of the islands (Signorini, McClain and Dandonneau 1999). 

These eddies in turn create areas of upwelling that bring macronutrients to the surface 

(Signorini, McClain and Dandonneau 1999). Runoff and hydrothermal fluxes on the islands 

supply micronutrients that are transported to upwelled areas by the strong currents that flow 

around and through the islands (Martinez and Maamaatuaiahutapu 2004). These processes 

result in an area of consistent phytoplankton production that forms the base of a diverse 

marine community (Gannier 2002; Martinez and Maamaatuaiahutapu 2004; Allen 2008; 

Poole et al. 2013; Mannocci et al. 2014; Delrieu-Trottin et al. 2015).  

The limited information available suggests that the Marquesas Islands support a 

diverse small cetacean community as well. Small-boat surveys conducted around ten islands 

in the austral summer of 1998-99 documented 101 sightings of 11 species with the majority 

of encounters occurring in nearshore waters (defined as less than 10 km from shore; Gannier 
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2002). Surveys conducted in 2012 (see below) sighted 99 groups of 7 species around six 

islands with most sightings documented within 10 km of shore (Poole et al. 2013). While the 

majority of effort for both surveys was focused in inshore waters, the large number of 

encounters and species suggest that the Marquesas Islands represent critical habitat for small 

cetaceans (see Table 3.1 for a synthesis of both surveys).   

Despite a circumglobal distribution, melon-headed whales (Peponocephala electra) 

remain poorly studied. Few dedicated studies of the distribution, habitat use, and population 

structure of this species have been conducted and abundance estimates are available for only 

a handful of regions (Taylor et al. 2008). This lack of information is at least partly due to 

their prevalence in deep oceanic waters beyond the continental shelf. However, cetacean 

surveys around several oceanic islands (e.g., the Hawaiian Islands, Aschettino et al. 2012; 

Mayotte, Kiszka et al. 2007, 2008; La Reunion, Brownell et al. 2009; Marquesas Islands, 

Poole et al. 2013) have documented melon-headed whales close to shore. While typically 

not the most frequently encountered species at these islands, they are often seen in large 

groups of several hundred individuals.  At islands where deep water occurs close to shore, 

such as the Hawaiian Islands (Aschettino et al. 2012) and the Marquesas Islands (Gannier 

2002; Poole et al. 2013), these large groups are often found resting near shore during the 

day. 

Recent work in the Hawaiian Islands suggests that melon-headed whales may exhibit a 

population structure similar to that of other island-associated dolphins (Aschettino et al. 

2012). Based on ten years of photo-identification data, Aschettino et al. (2012) examined 

resightings and association patterns of identifiable individuals and found evidence of an 
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island-associated population and a wide-ranging, pelagic population around the main 

Hawaiian Islands that exhibit different patterns of site fidelity, associations between 

individuals, and movement (Aschettino et al. 2012). Individuals from the smaller, island-

associated population were only sighted near the island of Hawai’i while individuals 

associated with the pelagic population were resighted throughout the main Hawaiian Islands 

(Aschettino et al. 2012). Analysis of associations between individuals showed little evidence 

of interchange between the two populations (Aschettino et al. 2012).  

The behavior of melon-headed whales in the Marquesas Islands of French Polynesia - 

one of the most isolated archipelagoes in the world – suggests that they may exhibit a 

similar population structure and movement pattern as that observed in the Hawaiian Islands. 

In the Marquesas Islands melon-headed whales have been reported near six islands: Fatu 

Hiva, Tahuata, Hiva Oa, Ua Huka, Nuku Hiva, and Eiao (Gannier 2009; Poole et al. 2013). 

They are most often encountered in large groups near islands within the archipelago 

(Gannier 2009; Poole et al. 2013) and anecdotal accounts indicate that large groups of 

melon-headed whales congregate daily near cliff faces on the east coast of Nuku Hiva 

(Brownell et al. 2009).  

When group sizes are determined by counting, the assumption is made that observers 

count the same individuals (Bayliss and Yeomans 1989). However, several factors, such as 

the swimming behavior of the dolphins, the climatic and oceanographic conditions at the 

time of the survey, subjects lacking easily identifiable features, and observer bias, have a 

great influence on the ability to count all individuals. Previous studies into the accuracy of 

counting individual animals during wildlife surveys suggest that observers tend to 
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underestimate the number of individuals in groups, especially as group sizes increase (Scott 

et al. 1985). Efforts to compensate for observer bias have shown that the magnitude and 

direction of this bias varies by observer and that establishing appropriate corrections to 

observer estimates are problematic (Scott et al. 1985).  

To better understand the melon-headed whale population in the Marquesas Islands, 

and to lay the foundation for future investigation into their population structure and habitat 

use, we use information on the frequency and location of sightings of individually identified 

dolphins from photo-identification data to investigate local movement between islands and 

to provide an estimate of minimum abundance in the islands. Since the large group sizes 

observed in the Marquesas Islands present challenges when attempting to count the number 

of individuals in melon-headed whale groups, we also employ a novel approach for the 

estimation of the number of individuals in resting groups. For this, I was provided access to 

data collected during ‘Expedition Marquesas’, a series of small-boat surveys around the 

islands of Hiva Oa, Mohotani, Tahuata, Ua Huka, Ua Pou, and Nuku Hiva from 31 March to 

26 April, 2012 (Poole et al. 2013). 

3.3. Methods 

3.3.1. Field surveys and photo-identification 

Field surveys, photograph and image processing, and image scoring and selection are 

described in chapter 2. Only good quality images (scores � 3 for all quality criteria) were 

considered for the analysis presented in this chapter. 

3.3.2. Image matching 
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Good quality images of distinctively marked individuals (DMIs) were compared to 

identify multiple resights of each DMI. Information on the total number of quality images 

for each DMI was recorded to document the number of times a DMI was sighted: (1) within 

a given encounter (i.e., the number of quality DMI images collected within an encounter), 

(2) in more than one encounter at each island, and (3) during encounters at different islands.  

3.3.3. Within-encounter group-size estimation 

We used the Poisson, log-normal mark-resight model (PNE) in Program MARK 

(White and Burnham 1999) to estimate the size of resting groups. The PNE provides several 

benefits over more commonly used mark-recapture models, in that it can be used in a 

frequency-of-capture framework in which secondary sampling occasions need not be 

discrete and sampling within the secondary sampling occasions can be with replacement 

(McClintock and White 2009). For the purposes of mark-resight analysis based on data from 

photo-identification surveys, a primary occasion is analogous to an encounter and each 

primary occasion is composed of several secondary sampling occasions.  

In addition, a key assumption of the PNE is that the sighting probabilities of marked 

individuals are representative of the population. Therefore, sighting information for both 

marked and unmarked individuals is incorporated into the model. This provides a benefit 

over more commonly used mark-resight models (e.g. the Lincoln-Petersen mark-recapture 

model, the closed-population models of Huggins et al. [1989]) since researchers do not have 

to account for potential bias arising from estimating the proportion of marked individuals in 

the population. In addition, unlike other mark-resight models that require the number of 
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marked individuals to be known exactly, the PNE model can be modified for cases where 

the number of marks is unknown (McClintock et al. 2009).  

Because our primary objective was the estimation of the total number of individuals 

in each group, encounters were treated as independent primary sampling occasions. 

Information on the number of images per DMI and the total number of images of unmarked 

individuals for each encounter were incorporated into the PNE model in Program MARK. 

Using these data, the PNE estimates parameters for the mean resight rate (α), the individual 

level of heterogeneity in sighting probabilities (σ), the number of unmarked individuals (!), 

the total population size ("; here identified as "# , an estimate of group size, to differentiate 

from ", the estimate of abundance from the closed-population mark-recapture model 

described in the next section) and the overall mean resight rate ($, the estimated mean 

resight rate after taking individual heterogeneity in sighting probabilities into account; 

McClintock et al. 2009).  

Since individual heterogeneity in sighting probabilities is often difficult to detect in 

mark-recapture studies (McClintock et al. 2009), two models were constructed for each 

encounter to investigate the influence of individual heterogeneity on model results. Models 

were compared using Akaike’s Information Criterion adjusted for small sample size (AICC) 

and the model with the lowest AICC score selected as the best model. For encounters where 

individual heterogeneity was detected, model averaging was implemented in Program 

MARK and used to estimate model parameters. 

3.3.4. Between-encounter, within-island abundance estimation 
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Within-island abundance was estimated using Chapman’s (1951) modification to the 

Lincoln-Petersen closed-population mark-recapture model 

" =
'()* (',)*)

(.,)*)
− 1, 

where " is the estimated abundance, n2 is the number of DMIs from the first encounter, n2 is 

the number of DMIs from the second encounter, and m2 is the number of DMIs from the first 

encounter that were subsequently photographed and identified in the second encounter 

(Chao and Huggins 2010).  

For the between encounter analysis we adjusted the estimate for the proportion of 

marked individuals following the methods of Williams et al. (1993). Initial results obtained 

from the Chapman (1951) model provided estimates of the total number of DMIs, since only 

information pertaining to DMIs was used in the model. To obtain an estimate of all 

individuals, regardless of markings, the proportion of DMIs observed in the sample was 

used to adjust the initial estimate using the following formula  

"1 = 	
3

4	
,	

where "1  is the corrected abundance estimate,  " is the estimated DMI abundance from the 

Chapman (1951) model and q is the proportion of quality images containing DMIs from 

each island (Williams et al. 1993).  

 Model variances for " (the estimated number of DMIs) from the Chapman model 

were calculated using the formula described by Seber (1973) 

567 " =
[ '()* ',)* '(9., ',9., ]

[ .,)* , .,); ]
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and log normal confidence limits were calculated using Chao’s (1989) formulation for 

sparse data 

<=>()?@
1

, AB)* + DE ∗ G , 

where AB)* is the total number of DMIs from both encounters H* + H; − I; , DE is an 

estimate of the number of DMIs not seen (i.e., quality images were not collected, defined as 

" −AB)*) from both encounters, and   

G = JKL 1.96 PH 1 +
Q67(")
DE
;

*/;

.	

For "1  (the corrected abundance estimate after taking non-DMIs into account), variance and 

confidence limits were calculated following Williams et al. (1993) 

567 "G = "
2 Q67"

"
2 + 1−T

T AU+1
		

and 

95%	GX = ±1.96 ∗ √567("1).	

	

3.4. Results 

3.4.1. Encounter summary 

Melon-headed whales were encountered 15 times around four islands: Mohotani, Ua 

Huka, Ua Pou, and Nuku Hiva (Fig. 2.1). During 10 encounters, groups were observed 

resting, milling, or socializing. Of the remaining five encounters, four groups were observed 

traveling and the remaining encounter was of insufficient duration to collect photographs or 
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determine group behavior (Table 2.3). Visual counts of the number of individuals observed 

during each encounter ranged from 30 – 389 (n = 11, median = 276).  

In total, 6,356 photographs were collected during 14 encounters with melon-headed 

whales (Table 2.3). The number of photographs obtained during each encounter ranged from 

13 to 1,006 (median = 424). When considering resting groups only, the median number of 

photographs per encounter was 477 (range 110 – 1006).  

3.4.2. Photo-identification 

3.4.2.1. Dorsal fin images and quality control 

All photographs were examined for visible dorsal fins and yielded 4,750 dorsal fin 

images (Table 2.4). The total number of images by encounter ranged from 7 to 790 (median 

= 272). For encounters with resting groups, the median number of images was 415 (79 – 

790). 

As described in Chapter 2, the evaluation of quality of images from all 14 encounters 

yielded 1,156 images of sufficient quality for further analysis (Table 2.4). Only images with 

quality scores of 3 or greater in all categories were considered quality images. All other 

images were considered poor quality.  

The percentage of dorsal fins possessing at least one marking (MIs) varied by 

encounter (34 – 78%, median = 64%) and 63% of all quality images (n = 724) contained 

dorsal fins with at least one type of marking. Of these, 455 (39%) dorsal fins were evaluated 

as distinctive (3) or very distinctive (4) and were designated as DMIs. The remaining 701 

received distinctiveness scores less than 4 and were classified as non-distinctively marked 

individuals (non-DMIs; Table 2.4). 
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3.4.3. DMI reconciliation 

3.4.3.1. Within-encounter   

After accounting for multiple images of DMIs obtained within each encounter, the 

number of DMIs per encounter varied from 5 to 78 (median = 27) and the average number 

of images per DMI ranged from 1 to 1.82 (median = 1.26; Table 3.2).  For most DMIs, only 

one quality image was collected during an encounter (n = 380) and the maximum number of 

images for a DMI within an encounter was five (n = 3; Table 3.2).  

The number of quality images of non-DMIs per encounter ranged from 6 to 137 

(median = 45; Table 3.2). The proportion of DMI images per encounter ranged from 0.26 to 

0.52 (median = 0.36; Table 2.4).  

3.4.3.2. Between encounters at the same island  

The proportion of DMIs seen during the first encounter at each island and sighted 

again during subsequent encounters at the same island was highest at Ua Pou (0.26, 9 of 35 

DMIs), followed by Mohotani (0.24, 19 of 78 DMIs), Nuku Hiva (0.18, 13 of 72 DMIs) and 

Ua Huka (0.16, 3 of 20 DMIs).  At Nuku Hiva, three DMIs were sighted during three 

separate encounters and one DMI was sighted during four (Table 3.3).  

3.4.3.3. Between-island movement  

No DMIs initially sighted at Mohotani and Ua Huka were re-sighted at any of the 

other islands. However, 13 % (n = 8) of DMIs first sighted at Ua Pou were subsequently 

sighted at Nuku Hiva, a distance of approximately 50 km over a minimum of four days 

(Figure 3.1). Four of these were documented in one encounter at Ua Pou and one at Nuku 

Hiva and the remaining four were seen in three encounters (two were seen twice at Ua Pou 
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and once at Nuku Hiva and two were seen once at Ua Pou and twice at Nuku Hiva). Time 

between resightings ranged from 3 to 13 days. 

3.4.4. Within-encounter group-size estimates 

Total group sizes for nine resting encounters were estimated using the Poisson, log-

normal mark-resight (PNE) model (Table 3.4; McClintock et al. 2009) and the within-

encounter sighting information. Four encounters (one at Ua Pou and two at Nuku Hiva) were 

eliminated from this analysis either because the group was observed traveling or because of 

an insufficient number of DMI images (n < 25). Information on the number of quality 

images of each DMI and the number of quality images of non-DMIs was compiled and input 

into Program MARK (White and Burnham 1999). A sample MARK input file is provided in 

Appendix III. 

The median value of the group size estimates was 458 and the largest group sizes 

were estimated at Mohotani ("# =	775 and 536) followed by two encounters at Nuku Hiva 

("# =	464 and 461).  

For most encounters (n = 8), PNE models incorporating individual heterogeneity did 

not perform significantly better (based on AICC) than models in which individual 

heterogeneity was ignored (σ = 0; Table 3.5). The PNE model did not detect individual 

heterogeneity in the sighting data from three encounters (Delta AICC = 0.00) and for five 

other encounters, the influence of individual heterogeneity was not judged significant (Delta 

AICC � 2.00). The model with individual heterogeneity included performed significantly 

better (Delta AICC = 8.79) than the model ignoring individual heterogeneity for the 4 April 

encounter at Mohotani.  
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The ratio of the difference between the PNE group size estimates and visual counts 

ranged from 0.80 to 2.45 (median = 1.53). With the exception of the 14 April encounter at 

Ua Pou, PNE estimates of group size were greater than visual counts (ratio � 1.00; Table 

3.4). The largest difference between the group size estimate and the visual count was 

calculated for the 4 April Mohotani encounter (ratio = 2.45).  

3.4.5. Between-encounter, within-island abundance estimates  

The abundance of melon-headed whales was estimated independently for each of the 

four islands using the Lincoln-Petersen two-sample, closed-population, mark-recapture 

model. For Mohotani, Ua Huka, and Ua Pou, the assumption of closure was reasonable since 

pairs of resting encounters occurred within one or two days. Since resting groups were 

encountered on three separate occasions at Nuku Hiva, abundance was estimated for three 

pairs of resting encounters independently (encounters on the 17th and 18th of April, 

encounters on the 17th and 25th of April, and encounters on the 18th and 25th of April).  

In addition, groups encountered at Ua Pou and Nuku Hiva were treated as a single, closed 

population and the combined abundance for the islands estimated by pooling encounters at 

each island into individual sampling occasions. 

The number of DMIs seen in the first encounter at each island and subsequently re-

sighted in the second encounter was highest at Mohotani (n = 19) followed by Ua Pou (n = 

8), Nuku Hiva (n = 5), and Ua Huka (n = 3; Table 3.6). For Mohotani, Ua Huka, and Ua 

Pou, Chapman’s modification to the Lincoln-Petersen mark-recapture model provided 

estimates of the total number of DMIs at each island ranging from 111 at Ua Pou (95% CL 

87-152; CV = 0.23) to 238 at Mohotani (95% CL 199-295; CV = 0.16). Estimates obtained 



	

	

101	

for three pairs of resting encounters at Nuku Hiva varied from 206 DMIs (95% CL 150-307; 

CV = 0.29) for encounters on the 17th and 18th of April to 1206 DMIs (95% CL 566-2701; 

CV = 0.68) for encounters on the 18th and 25th of April. Treating Ua Pou and Nuku Hiva as a 

single population resulted in an estimate of 1639 DMIs (95% CL 1157-2385; CV = 0.29) for 

the two islands. 

Scaling these estimates by the proportion of DMIs (q) provided estimates of the total 

number of melon-headed whales at each island ranging from 300 (95% CL 188-412; CV = 

0.19; Table 3.6) at Ua Pou to 631 (95% CL 475-788; CV = 0.13) at Mohotani. For Nuku 

Hiva, estimates of the total number of melon-headed whales ranged from 468 (95% CL 340-

595; CV = 0.14) for encounters on the 17th and 18th of April to 2512 (95% CL 1942-3083; 

CV = 0.11) for encounters on the 18th and 25th of April. Combining Ua Pou and Nuku Hiva 

resulted in an estimate of the total number of melon-headed whales of 3725 (3196-4253; CV 

= 0.07) for the two islands. 

Since surveys at each of the islands were spatially and temporally distinct, the 

minimum abundance of melon-headed whales in the Marquesas Islands during the sample 

period was estimated by summing estimates obtained independently for each island (Table 

3.6). Four separate abundance estimates were calculated, three for each of the three pairs of 

resting encounters at Nuku Hiva and one for the combined Ua Pou – Nuku Hiva dataset. 

Estimates of the total number of melon-headed whales in the Marquesas Islands during the 

study period ranged from 1785 (95% CL 1506-2065; CV = 0.36), obtained by combining 

estimates from Mohotani, Ua Huka, Ua Pou, and the 17th and 18th April encounters at Nuku 
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Hiva, to 4743 (95% CL 3971-5514; CV = 0.35) using estimates for Mohotani, Ua Huka, and 

the combined Ua Pou – Nuku Hiva estimate.  

3.5. Discussion 

3.5.1. Group size estimates 

Our use of the Poisson, log-normal mark-resight model represents a novel approach 

in the estimation of the number of individuals in large groups of dolphins. When group size 

is small, observers are able to census all visible members of a group. However, as the size of 

groups increase, it becomes more difficult to obtain an accurate count, especially when 

attempting to enumerate a highly mobile species (Graham and Bell 1969). While there was 

an attempt to count (versus estimate) all individuals in each group, it is unlikely that all 

individuals were counted due to a variety factors, including the diving and movement 

behavior of melon-headed whales.  Based on the PNE analysis of resting groups, our results 

suggest that, on average, group sizes were 1.5 times greater than the visual counts obtained 

in the field (Table 3.4). Unlike most visual counts and estimates of groups size, our mark-

resight approach provides a variance and confidence limit on the estimates.  

Our results suggest that approximately 1/3 of melon-headed whales were not tallied 

during visual counts. Several factors contribute to the difficulty in counting the number of 

individuals in large groups including environmental and climatic conditions, variability in 

the abilities of observers, and the behavior of the subjects (Otis et al. 1978; Scott et al. 

1985). Studies examining the difference between observer estimates of group size and 

estimates obtained from aerial photographs of dolphins have shown that observer estimates 

are highly variable and that observers tend to underestimate group size, especially as group 
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size increases (Scott et al. 1985; Gerrodette and Perrin 1991).  By using information on the 

frequency of sightings of DMIs and the number of non-DMIs, our use of the PNE to 

estimate group size can improve upon the counts obtained in the field and provides 

important insight into the true abundance of melon-headed whales in the nearshore waters of 

the Marquesas Islands. 

3.5.2. Movement between islands   

We detected the movement of eight DMIs between Ua Pou and Nuku Hiva but no 

movement between any of the other islands. Our documentation confirms some movement 

between islands but also provides some indication of isolation or local community structure. 

The lack of movement between Mohotani and the other three islands is not surprising given 

the limited duration of our study and the distance between the islands (~ 140 km between 

Mohotani and Ua Huka, ~150 km between Mohotani and Ua Pou, and ~ 170 km between 

Mohotani and Nuku Hiva).  However, the distances between sighting locations at Ua Huka 

and Nuku Hiva and at Ua Pou and Nuku Hiva are similar (~56km and ~52 km, respectively), 

yet we detected no movement between Ua Huka and Nuku Hiva. Genetic samples collected 

during the field surveys may provide further evidence of local isolation or interchange 

(Poole et al. 2013). 

In the Hawaiian Islands, the two populations of melon-headed whales identified by 

Aschettino et al. (2012) exhibit very different movement patterns. Individuals considered to 

belong to the main Hawaiian Islands population have been documented at several of the 

islands and appear to move throughout the archipelago. In contrast, individuals from the 

island of Hawai’i (the Big Island) resident population exhibit much more restricted 
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movement patterns and have only been documented near the island of Hawai’i. In addition, 

two satellite tagged individuals from the resident population did not venture far from where 

they were tagged, while tagged individuals from the Main Hawaiian Islands population 

moved large distances (Woodworth et al. 2011; Aschettino et al. 2012).  The lack of 

movement between Mohotani and the other three islands could suggest at least two 

populations of melon-headed whales in the Marquesas Islands but the limited duration of our 

study prevents drawing any conclusions at this time.  

3.5.3. Two-sample estimates of island abundance 

The within-island abundance estimates using pairs of encounters at Mohotani, Ua 

Huka, Ua Pou, and the 17th and 18th April Nuku Hiva dataset, provided by the two-sample 

mark-recapture model, likely underestimated the total number of melon-headed whales at 

each island. Within-island abundance estimates were smaller than the PNE group-size 

estimates for the pairs of encounters at each island - apart from the 10 April Ua Huka 

encounter and the 17th and 18th April Nuku Hiva encounters - and within-island estimates 

were smaller than visual counts of group size at Ua Pou.  

Traditional closed-population models have been found to underestimate the actual 

abundance and overestimate precision since they do not incorporate information on 

individual capture heterogeneity (Amstrup et al. 2010). Since the two-sample model only 

allows for sampling without replacement, individuals can be captured or sighted at most 

once per sampling occasion. Since information on the number of captures per individual is 

essentially lost, there is no provision to integrate individual heterogeneity into the model. 

Grimm et al. (2014) demonstrated that the Chapman (1951) modification to the Lincoln-
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Petersen mark-recapture model generally underestimated population size and did not capture 

the true population size within the 95% confidence limit when compared to closed-

population models that incorporate individual capture heterogeneity. 

For the within-island abundance produced using pairs of encounters at Nuku Hiva on 

the 17th and 25th of April and on the 18th and 25th of April and the between-island abundance 

for Ua Pou – Nuku Hiva, a lack of demographic closure could be inflating the estimates of 

the total number of melon-headed whales. In all of these cases, the generated estimates were 

much larger than both the PNE within-encounter estimates and the visual counts of group 

size. If new individuals are moving into the study area between encounters, abundance 

would be overestimated since the number of new DMIs (n2) is included in the numerator of 

the two-sample, closed-population, mark-recapture model. This, combined with the resights 

of eight DMIs between Ua Pou and Nuku Hiva, suggests that the assumption of population 

closure may not be valid for these encounters and islands.  

The proportion of marked individuals used to calculate the abundance of both 

marked and unmarked individuals also has a great influence on estimates. For species where 

all individuals are not identifiable, it is assumed that the proportion of marked individuals in 

the sample is identical to that of the population and the sample proportion is used to 

calculate the total abundance. However, there is no reliable way to ensure that unmarked 

individuals are not double counted. If unmarked individuals are double counted, this would 

decrease the proportion of marked individuals in the sample and increase the abundance 

estimate.  



	

	

106	

We attempted to account for this by assuming that non-DMIs were sampled at the 

same rate (i.e. the same average number of images per individual) as DMIs. We 

accomplished this by using the proportion of DMIs in each sample prior to the within-

encounter reconciliation process. If this assumption is invalid, abundance estimates may be 

either overestimated or underestimated, depending on the direction of bias. If non-DMIs are 

sampled at a higher rate than DMIs, this would decrease the proportion of DMIs in the 

sample and increase the estimate of abundance. If non-DMIs are sampled at a lower rate, the 

direction of bias would be opposite and abundance would be underestimated. This 

assumption seems reasonable since no reliable method to determine the sampling rate of 

non-DMIs exists at this time, but given the limitations of closed-population mark-recapture 

models discussed by Grimm et al. (2014), our within-island abundance estimates likely 

underestimate the true population of melon-headed whales at each island.  

3.5.4. Combined minimum abundance 

Our estimate of 1,785 likely represents the minimum number of melon-headed 

whales in the southern Marquesas Islands. Since the assumption of demographic closure was 

only appropriate for pairs of encounters at each island, we were limited to a two-sample 

mark-recapture model. However, the movement over a short amount of time detected 

between Ua Pou and Nuku Hiva and the large estimates obtained using pairs of encounters 

at Nuku Hiva (those that occurred over more than one day) and the combined Ua Pou – 

Nuku Hiva dataset imply that the closure assumption may be invalid for groups at these 

islands. This suggests that the within-island abundance estimates are not strictly additive. 

Therefore, given this limited evidence of interchange and the limitations of the two-sample 
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model discussed above, we consider our estimate of 1,785 melon-headed whales in the 

Marquesas Islands to be a ‘minimum’ abundance in the islands. 

3.5.5. Conservation implications 

The regular presence of melon-headed whales at several of the islands, combined 

with large group sizes, indicates that this species represents an important component of the 

cetacean community in the Marquesas Islands. The work presented here suggests that 

multiple populations of melon-headed whales may use the nearshore habitat within the 

archipelago and may therefore represent one of the largest cetacean populations in the 

islands and that island-associated populations may exhibit behaviors and long-term site 

fidelity similar to that observed for the populations in the Hawaiian Islands. Additional field 

surveys, along with genetic information from samples collected in 2012, promise to provide 

additional insight into the population structure and habitat use of melon-headed whales in 

the Marquesas Islands. 

Our results lend further support to the hypothesis that otherwise pelagic species will 

form local insular populations as a result of local productivity due to the “island mass effect” 

(Oremus et al. 2007; Martien et al. 2012; Albertson et al. 2017). The persistent primary 

production generated by the Marquesas Islands forms the foundation for a diverse marine 

community, including several species of cetaceans (Gannier 2002; Martinez and 

Maamaatuaiahutapu 2004; Allen 2008; Poole et al. 2013; Mannocci et al. 2014; Delrieu-

Trottin et al. 2015). For melon-headed whales in particular, the productivity associated with 

the islands likely contributes to differences in population structure that illustrate the 

importance of this unique ecosystem in this region of the South Pacific.   
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The French Polynesian government has made protection of the marine environment, 

particularly in regards to marine mammals, a priority by designating the entire Exclusive 

Economic Zone as a Marine Mammal Sanctuary (Agence des aires marines protégées 2014). 

In addition, efforts to recognize and protect the important biological and cultural 

contributions of the Marquesas Islands are well underway with a proposal to designate the 

islands as a Marine Protected Area (M. Poole, personal communication, 13 March 2017) and 

the addition of the archipelago to the UNESCO World Heritage Site list of tentative sites 

(UNESCO World Heritage Centre 2016), a designation that will likely increase tourism to 

the islands. Our study provides important baseline information regarding the local 

abundance and habitat use of melon-headed whales in the islands. This information could 

provide the basis for additional, species-specific protections of coastal habitat in the islands. 
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Table 3.1. Summary of small-boat surveys for cetaceans conducted in the Marquesas Islands as reported. The number of 
individuals was calculated by multiplying the mean group size by the number of sightings and does not infer species 
abundance.   

 Gannier 2002 Poole et al. 2013 

Species 
Number of 

sightings 
Mean group 

size 
Number of 
individuals 

Number of 
sightings 

Mean group 
size 

Number of 
individuals 

Stenella attenuata 37 18 651 36 51 1836 
Stenella longirostris 23 8 175 49 26 1274 
Peponocephala electra 14 85 1191 14 316 4424 
Tursiops truncatus 17 8  139 1 4 4 
Steno bredanensis 4 18 71 0 0 0 
Grampus griseus 1 ND ND 1 5 5 
Globicephala macrorhynchus 1 32 32 3 35 105 
Pseudorca crassidens 1 4 4 0 0 0 
Feresa attenuata 1 3 3 0 0 0 
Orcinus orca 1 2 2 0 0 0 
Kogia sp. 0 0 0 1 1 1 
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Table 3.2. Results from the within-encounter reconciliation by encounter. Values in the DMIs column represent the total 
number of DMIs after reconciling within the encounter. n is the total number of DMI images prior to reconciliation. f1 denotes 
DMIs seen exactly one time, f2 those seen exactly two times and so forth. Avg. Sightings is the average number of times a DMI 
was sighted (i.e., the number of quality images per DMI) within an encounter. The last column (Non-DMIs) is the total number 
of images of dorsal fins evaluated as slightly distinctive or not distinctive. 

 Encounter Island n f1 f2 f3 f4 f5 DMIs 
 Avg.  

Sightings 
Non-

DMIs 

4 Apr 2012* Mohotani 92 69 7 0 1 1 78 1.18 137 

6 Apr 2012* Mohotani 69 52 7 1 0 0 60 1.15 85 

9 Apr 2012* Ua Huka 22 19 0 1 0 0 20 1.10 49 

10 Apr 2012* Ua Huka 40 12 7 0 1 2 22 1.82 45 

12 Apr 2012* Ua Pou 40 31 3 1 0 0 35 1.14 79 

13 Apr 2012  Ua Pou 9 9 0 0 0 0 9 1.00 26 

14 Apr 2012* Ua Pou 30 24 3 0 0 0 27 1.11 25 

17 Apr 2012* Nuku Hiva 87 61 8 3 0 0 72 1.21 75 

18 Apr 2012* Nuku Hiva 17 15 1 0 0 0 16 1.06 37 

21 Apr 2012 Nuku Hiva 5 5 0 0 0 0 5 1.00 6 

25 Apr 2012* Nuku Hiva 92 52 14 4 0 0 70 1.31 69 

25 Apr 2012 Nuku Hiva 38 22 8 0 0 0 30 1.27 40 

25 Apr 2012 Nuku Hiva 13 9 2 0 0 0 11 1.18 26 

Median  34 20 3 0 0 0 27 1.26    45 
       * Used for PNE estimates of within-encounter group-size (Table 3.4). 
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Table 3.3. Reconciliation summary for between encounter and between island comparisons. Values along the diagonal are the 
total number of DMIs per encounter after reconciling between islands.  Numbers below the diagonal represent the number of 
DMIs from encounter x (i.e encounters listed along the top of the table) sighted in encounter y (i.e., encounters listed vertically 
along the left edge of the table). Numbers in italics are the proportion of DMIs sighted during the first encounter at each island 
that were sighted in subsequent encounters at the same island. 

 Island  Mohotani Ua Huka Ua Pou Nuku Hiva 
 Date 4-Apr 6-Apr 9-Apr 10-Apr 12-Apr 13-Apr 14-Apr 17-Apr 18-Apr 21-Apr 25-Apr 25-Apr 25-Apr 

Mohotani 4 Apr  78  0.24                       
6 Apr  19  41                       

Ua Huka 9 Apr  0 0 20  0.15                   
10 Apr  0 0 3 19                   

Ua Pou 
12 Apr  0 0 0 0 35  0.26               
13 Apr  0 0 0 0 1 8               
14 Apr  0 0 0 0 8 1 18             

Nuku Hiva 

17 Apr  0 0 0 0 2 0 2 68 0.19         
18 Apr  0 0 0 0 0 1 0 5 10         
21 Apr  0 0 0 0 0 0 0 2 0 3       
25 Apr  0 0 0 0 3 0 0 6 0 2 59     
25 Apr  0 0 0 0 2 0 0 1 0 1 1 25   
25 Apr  0 0 0 0 0 0 0 2 0 0 0 0 9 

Total number of DMIs in Marquesas Island melon-headed whale catalog 393 
Note: There were a total of 10 resights of 8 DMIs between Ua Pou and Nuku Hiva. Two DMIs initially sighted at Ua Pou were seen twice at  
Nuku Hiva.	
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Figure 3.1. Map of DMI resights between Ua Pou and Nuku Hiva. Arrows indicate interchange between encounters and do not 
infer paths of movement. Two DMIs (Pe12MQ-171 and Pe12MQ-189) were sighted during both encounters at Ua Pou and 
resighted later at Nuku Hiva. Two DMIs (Pe12MQ-190 and Pe12MQ-192) were sighted on the 12th of April at Ua Pou and 
resighted during encounters on the 17th and 25th of April at Nuku Hiva.   
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Table 3.4. Parameter estimates provided by the Poisson log-normal mark-resight model with associated lower and upper 
confidence levels and group size estimate CVs. α represents the mean resighting rate before accounting for individual 
heterogeneity in sighting probabilities, σ is the level of individual heterogeneity detected in the data, ! is the number of unmarked 
individuals in the population during the sampling interval, " is the overall mean resighting rate after accounting for σ, and #$  is 
the total population size during the sampling interval. α, σ, and, " are estimated on the log scale and have been back-transformed. 
Estimates and confidence limits for the number of unmarked individuals (!) and group size (#$) have been rounded to the nearest 
whole number. Counts obtained during field surveys are provided for reference along with the ratios of the model estimates to the 
counts. Only encounters with adequate sample size (n > 25) are shown. 

Encounter    Island α  
(95% CL) 

σ  
(95% CL) 

!  
(95% CL) 

"  
(95% CL) 

#$   
(95% CL) 

CV Visual 
Count 

Ratio 

4 Apr 2012 Mohotani 1.13  
(1.03-1.44) 

3.81  
(1.65-8.77) 

462  
(137-788) 

1.34  
(1.15-1.66) 

775  
(283-1267) 

0.32 316 2.45 

6 Apr 2012 Mohotani 1.33  
(1.17-1.70) 

1.00  
(1.00-1.97) 

295  
(153-568) 

1.33  
(1.17-1.70) 

536  
(295-974) 

0.31 318 1.68 

9 Apr 2012 Ua Huka 1.11  
(1.01-1.84) 

2.32  
(1.00-2.72) 

324  
(0.00-881) 

1.18  
(1.03-1.77) 

458  
(0-1221) 

0.85 285 1.61 

10 Apr 2012 Ua Huka 2.59  
(1.00-2.72) 

1.47  
(1.00-2.00) 

44  
(25-74) 

2.90  
(1.65-5.09) 

80  
(42-117) 

0.24 50 1.45 

12 Apr 2012  Ua Pou 1.27  
(1.06-1.84) 

1.45  
(1.00-2.70) 

200  
(13-386) 

1.31  
(1.10-1.73) 

349  
(50-648) 

0.44 300 1.16 

14 Apr 2012 Ua Pou 1.25  
(1.08-1.87) 

1.00  
(1.00-1.90) 

182  
(62-530) 

1.25  
(1.08-1.87) 

312  
(114-855) 

0.55 389 0.80 

17 Apr 2012 Nuku Hiva 1.38  
(1.14-1.81) 

1.43  
(1.01-2.65) 

226  
(96-357) 

1.43  
(1.22-1.75) 

464  
(234-695) 

0.25 276 1.68 

18 Apr 2012 Nuku Hiva 1.13  
(1.02-1.86) 

1.00  
(1.00-1.00) 

322  
(63-1654) 

1.13  
(1.02-1.86) 

461  
(92-2299) 

0.98 265 1.74 

25 Apr 2012 Nuku Hiva 1.67  
(1.27-2.18) 

1.14  
(1.00-2.72) 

132  
(66-197) 

1.68  
(1.35-2.08) 

297  
(179-414) 

0.20 237 1.25 

              Median 1.27 0.61 226 1.33 458 0.32 285 1.61 
Mean 1.43 1.62 243 1.50 415 0.46 271 1.53 
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Table 3.5. Model selection results from program MARK for nine resting encounters. Model comparison was between a model in 
which σ, a parameter estimating individual heterogeneity in sighting probabilities, was estimated and a model where σ was fixed 
at 0 (indicating no individual heterogeneity). Models in which Delta AICc � 2.00 were considered to be a more appropriate fit. 
Model averaging was implemented in Program MARK for encounters where there was a difference in model performance (Delta 
AICC > 0.00). 

Encounter Island Model AICC Delta AICC AICC  
Weights 

Model  
Likelihood 

Deviance 

4 Apr 2012 Mohotani α(.)σ(.)!(.) 87.73 0.00 0.99 1.00 81.41 
  α(.)σ(=0)!(.) 96.52 8.79 0.01 0.01 90.21 

6 Apr 2012 Mohotani α(.)σ(.)!(.) 66.09 0.00 0.50 1.00 59.66 
  α(.)σ(=0)!(.) 66.09 0.00 0.50 1.00 59.66 

9 Apr 2012 Ua Huka α(.)σ(.)!(.) 26.10 0.00 0.64 1.00 18.69 
  α(.)σ(=0)!(.) 27.30 1.20 0.35 0.55 19.89 

10 Apr 2012 Ua Huka α(.)σ(.)!(.) 64.39 0.00 0.63 1.00 57.19 
  α(.)σ(=0)!(.) 65.47 1.08 0.37 0.58 58.27 

12 Apr 2012 Ua Pou α(.)σ(.)!(.) 42.87 0.00 0.52 1.00 36.12 
  α(.)σ(=0)!(.) 43.07 0.20 0.47 0.90 36.32 

14 Apr 2012 Ua Pou α(.)σ(.)!(.) 31.66 0.00 0.50 1.00 24.61 
  α(.)σ(=0)!(.) 31.66 0.00 0.50 1.00 24.61 

17 Apr 2012 Nuku Hiva α(.)σ(.)!(.) 89.29 0.00 0.55 1.00 82.94 
  α(.)σ(=0)!(.) 89.73 0.44 0.44 0.80 83.38 

18 Apr 2012 Nuku Hiva α(.)σ(.)!(.) 20.93 0.00 0.50 1.00 13.09 
  α(.)σ(=0)!(.) 20.93 0.00 0.50 1.00 13.09 

25 Apr 2012 Nuku Hiva α(.)σ(.)!(.) 103.20 0.00 0.50 1.00 96.82 
  α(.)σ(=0)!(.) 103.22 0.02 0.50 0.99 96.85 

	 	



	

	

115	

Table 3.6. Summary of abundance estimates provided by the two-sample mark-recapture model. Since there were three 
encounters with resting groups at Nuku Hiva, abundance was estimated for three separate pairs of encounters. Abundance was 
also estimated for Ua Pou and Nuku Hiva combined by considering encounters at each island as single sampling occasions. Total 
abundance estimates for all islands are presented at the bottom of the table. n1 and n2 are the number of DMIs identified in the first 
and second encounters at each island and m2 represents the number of DMIs identified in the first encounter that were 
subsequently resighted during the second encounter. # is the estimate of the total number of DMIs. Non-DMIs is the total number 
of non-DMIs (i.e. quality images of non-DMIs) for each dataset. DMI proportion is the proportion of quality images of DMIs in 
the dataset used to calculate the abundance (#%) of all melon-headed whales encountered at each island. Values for #	, #% , and 
95% CLs have been rounded to the nearest whole number. Log normal CLs for #	 were calculated using Chao’s (1989) 
formulation for sparse data and CLs for #%  were calculated following Williams et al. (1993).  

 Island n1 n2 m2  #	(95% CL) #		CV Non-DMIs DMI proportion       #%  (95% CL) #%  CV 

Mohotani 78 60 19 238 (199–295) 0.16 222 0.38 631 (475-788) 0.13 

Ua Huka 20 22 3 120 (81-195) 0.37 94 0.31 386 (199-574) 0.25 

Ua Pou 35 27 8 111 (87–152) 0.23 104 0.37 300 (188-412) 0.19 

Nuku Hiva (17&18 April) 72 16 5 206 (150–307) 0.29 112 0.44 468 (340-595) 0.14 

Nuku Hiva (17&25 April) 72 70 6 739 (506-1119) 0.32 144 0.50 1489 (1220-1758) 0.09 

Nuku Hiva (18&25 April) 16 70 0 1206 (566-2701) 0.68 106 0.48 2512 (1942-3083) 0.11 

Ua Pou–Nuku Hiva 71 204 8 1639 (1157-2385) 0.29 385 0.44 3725 (3196-4253) 0.07 

Total (17&18 April)        1785 (1506-2065)        0.36 

Total (17&25 April)        2807 (2432-3182) 0.35 

Total (18&25 April)        3830 (3323-4337) 0.36 

Total (Ua Pou-Nuku Hiva)        4743 (3971-5514) 0.35 
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4. GENERAL CONCLUSIONS 

 

Melon-headed whales (Peponocephala electra) have been documented in 

tropical waters around the globe yet they are one of the more poorly understood 

dolphin species.  Abundance has been estimated in only a handful of locations and 

little information on the population structure, habitat use, or ecology of this species 

has been published. This dearth of information is largely due to their preference for 

deep water well beyond the continental shelf. However, around several oceanic islands 

where deep water occurs close to the coast, melon-headed whales can be found 

nearshore. Based on long term photo-identification data, information from Hawai’i 

indicates that at least two populations of melon-headed whales inhabit island waters 

and that these two populations exhibit different association, habitat use, and movement 

patterns (Aschettino et al. 2012).  

As upper trophic level predators, the occurrence of melon-headed whales near 

oceanic islands is likely dictated by the distribution of their prey. Tracks from satellite 

tags deployed on melon-headed whales near the Hawaiian Islands indicate that when 

melon-headed whales move out of inshore waters, they travel to the location of eddies 

produced by the islands (Woodworth et al. 2012). The upwelling induced by these 

eddies supports areas of high productivity and suggests that melon-headed whales are 

selecting this habitat for foraging (Woodworth et al. 2012).   

Similar mechanisms are likely influencing the presence of melon-headed whales 

in the Marquesas Islands. Cetacean and seabird sighting data from aerial surveys 

conducted throughout the French Polynesia archipelagoes, along with oceanographic 
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and other covariates, were incorporated into generalized additive models to investigate 

the responses of cetaceans and seabirds to spatial variability in productivity (Mannocci 

et al. 2014). The models predicted that the two cetacean guilds with the highest 

energetic costs, the Delphininae and Globicephalinae (the guild that includes melon-

headed whales), occur in the greatest densities in the Marquesas Islands (Mannocci et 

al. 2014). Aerial surveys detected large groups of Globicephalinae around the 

Marquesas Islands and agreed with model predictions indicating that the Marquesas 

Islands are important habitat for these upper trophic level predators (Mannocci et al. 

2014).  

While melon-headed whales are difficult to positively identify from the air, 

results of small boat surveys and anecdotal accounts from residents of the islands 

indicate that the islands are important habitat for this species (Gannier 2002; Poole et 

al. 2013). Melon-headed whales have been documented near eight of the islands (Eiao, 

Fatu Hiva, Hiva Oa, Mohotani, Nuku Hiva, Tahuata, Ua Huka, and Ua Pou; Gannier 

2002; Poole et al. 2013) and residents report that groups of melon-headed whales 

move from offshore waters into areas near the eastern shore of Nuku Hiva on a daily 

basis (Brownell et al. 2009; Poole et al. 2013).  

This thesis represents the establishment of the first photo-identification catalog 

for melon-headed whales in the Marquesas Islands. By analyzing over 6,000 

photographs collected during field surveys in 2012, I identified 393 individual melon-

headed whales based on distinctive markings to their dorsal fins. Since dorsal fin 

markings have been shown to persist for many years (Aschettino et al. 2011), this 
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catalog forms the foundation for future work in the islands, even if additional 

photographic data is not available for several years. 

Using information obtained during photo-identification analysis, I improved 

upon visual counts of the number of individuals in melon-headed whale groups by 

incorporating frequency of sighting data in the Poisson log-normal, mark-resight 

(PNE) model. This represents a novel approach to the estimation of group size, since 

most authors report only the estimates obtained in the field. The few studies evaluating 

the accuracy of estimating the number of individuals in large groups have found that 

estimates are highly variable between observers and that these estimates likely 

underestimate the true group size (Scott et al. 1985). The PNE model analysis 

presented here also indicates that visual counts likely underestimate group size and 

that group sizes are large in the Marquesas Islands.  

By reconciling DMI images between islands, I found evidence of inter-island 

movement of melon-headed whales between Ua Pou and Nuku Hiva. This is not 

surprising since the islands are separated by approximately 50 km. However, the 

distance is similar between Ua Huka and Nuku Hiva yet no inter-island movement was 

detected. In addition, I detected no movement between Mohotani and the other islands. 

These results hint at an interesting pattern of habitat use by melon-headed whales in 

the archipelago but more work is needed to draw any conclusions. 

Finally, I used information on the sightings of DMIs between pairs of 

encounters at each island to better understand the abundance of melon-headed whales 

in the Marquesas Islands. I first estimated abundance at each island using the Lincoln-

Petersen closed-population mark-recapture model and then combined these estimates 
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to derive a minimum abundance for the archipelago. Perhaps surprisingly, since 

several authors have shown that the Lincoln-Petersen model tends to underestimate 

abundance (Grimm et al. 2014), the results of this analysis were largely consistent 

with the PNE results. This estimate represents one of a handful of abundance estimates 

for melon-headed whales and provides additional insight into the global abundance of 

this species.  

This thesis demonstrates the value of photo-identification data and the wealth of 

information that such data can provide. Using information from four weeks of surveys, 

I was able to provide insight into the population structure, habitat use, and abundance 

of one of the more poorly understood cetacean species. Genetic analysis of biopsy 

samples collected concurrently with the photographic data promises to provide 

additional insight into the population structure of melon-headed whales in the 

Marquesas Islands.  The establishment of a photo-identification catalog for the 

Marquesas Islands represents an important step in establishing long-term investigation 

of melon-headed whales in the islands.  

	  



	

	

124	

 

Literature Cited 

Aschettino, J. M., R. W. Baird, D. J. McSweeney, D. L. Webster, G. S. Schorr, J. L. 
Huggins, K. K. Martien, et al. 2012. Population structure of melon-headed 
whales (Peponocephala electra) in the Hawaiian Archipelago: Evidence of 
multiple populations based on photo-identification. Marine Mammal Science 
28: 666-689.  

 
Brownell, R. L., K. Ralls, S. Baumann-Pickering, and M. M. Poole. 2009. Behavior of 

melon-headed whales, Peponocephala electra, near oceanic islands. Marine 
Mammal Science 25: 639-658. 

 
Gannier, A. 2002. Cetaceans of the Marquesas Islands (French Polynesia): distribution 

and relative abundance as obtained from a small boat dedicated survey. 
Aquatic Mammals 28: 198-210. 

 
Grimm, A., B. Gruber, and K. Henle. 2014. Reliability of different mark-recapture 

methods for population size estimation tested against reference population 
sizes constructed from field data. Plos One 9: e98840. 
doi:10.1371/journal.pone.0098840. 

 
Mannocci, L., M. Catalogna, G. Dorémus, S. Laran, P. Lehodey, W. Massart, P. 

Monestiez, et al. 2014. Predicting cetacean and seabird habitats across a 
productivity gradient in the South Pacific gyre. Progress in Oceanography 120: 
383-398. 

 
Poole, M. M., M. Oremus, R. Albertson, and C. S. Baker. 2013. Expedition 

Marquesas: Photo-identification surveys and biopsy sampling of small 
cetaceans in northern French Polynesia. Report to the Scientific Committee of 
the International Whaling Commission, SC/65a/SM09. 11 pp. 

 
Scott, M. D., W. L. Perryman, and W. G. Clark. 1985. The use of aerial photographs 

for estimating school sizes of cetaceans. Inter-American Tropical Tuna 
Commission Bulletin 18: 383-419. 

 
Woodworth, P. A., G. S. Schorr, R. W. Baird, D. L. Webster, D. J. McSweeney, M. B. 

Hanson, R. D. Andrews, et al. 2011. Eddies as offshore foraging grounds for 
melon-headed whales (Peponocephala electra). Marine Mammal Science 28: 
638-647. 

 
	  



	

	

125	

 

 

 

 

 

 

5. APPENDICES 

 

	  



	

	

126	

Appendix I. Data Archive and Access Information 

The melon-headed whale (Peponocephala electra) photo-identification catalog for the Marquesas Islands is being 

archived with the primary data owner, M. Michael Poole. Access to the catalog will be considered in a collaborative framework 

by written request to M. Michael Poole. Copies of this thesis and the photo-identification catalog will also be archived with C. 

Scott Baker and with the author, John R. McClung. Contact information is provided below: 

M. Michael Poole, PhD. Marine Mammal Research Program  Primary Data Owner 
    BP 698 Maharepa, Moorea 98728 
    French Polynesia 
    Email: michaelpoole@mail.pf 
    Tel:    +689 40 56 23 22 
    Mobile: +689 87 775 007 

C. Scott Baker, PhD.  Marine Mammal Institute    Professor and Associate Director 
    Oregon State University   Major Advisor 
    Hatfield Marine Science Center 
    2013 SE Marine Science Drive 
    Newport, OR 97365, USA 
    Email: scott.baker@oregonstate.edu 
    Tel: +1 541-867-0255 

John R. McClung, MS Marine Mammal Institute   Author 
    Oregon State University 
    2013 SE Marine Science Drive 
    Newport, OR 97365, USA 
    Email: mcclungj@icloud.com 
    Tel: +1 801-821-1886 
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The photo-identification catalog is organized by the DMI catalog ID number. Original photographs collected during field 

surveys in 2012 along with the all quality dorsal fin images used to identify individuals are compiled into data file folders labeled 

with the catalog ID number. A spreadsheet containing the sighting histories provided in Appendix III and a description of the data 

in text file format is also included.  
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Appendix II. Image Metadata 

 

 Metadata fields in ACDSee Mac Pro version 3.7 (ACD Systems International Inc., Seattle, WA USA) were 

populated with the information described below. A custom metadata template was created within ACDSee and identified as 

Pelectra_Cat. The field names in the metadata templates in ACDSee are not modifiable so I used metadata field names that are 

pre-labeled for the IPTC Core and IPTC IIM metadata profiles. The table below shows the metadata field label from ACDSee in 

the left column followed by the data type contained in the field, an example of the data, and additional comments. 
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                Table 5.1. Metadata information for dorsal fin images. 
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Appendix III. MARK Input File Example 

 

Input files containing information on the resight history for each DMI, by 

encounter, were compiled as text files for input into Program MARK. The input file 

for the 4 April 2012 encounter at Mohotani is provided as an example. Information in 

the header is for reference only. The numbers along the left edge represent the number 

of times each DMI was sighted (i.e., the number of quality images for each DMI) 

followed by a 1 for the group number. Each line represents one DMI. Unmarked Seen 

Group=1 indicates the number of quality images of non-DMIs collected within the 

encounter. Marked Unidentified Group=1 is used for sampling occasions where an 

individual may be observed to be marked but a positive ID is not possible and Known 

Marks Group=1 is used for sampling occasions where the number of marked 

individuals is known exactly. Both fields were not applicable to this study and were 

set to 0 for all encounters. 
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Table 5.2. Example Program MARK input file. The input file for the 4 Apr 12 
encounter at Mohotani is shown.  

/* Poisson log normal mark-resight */ 
/* occasions = 1 groups = 1 */ 
/* P12-020 Mohotani 4Apr12 */ 
 
01 1; 
02 1; 
01 1; 
02 1; 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
04 1; 
05 1; 
01 1; 
01 1; 
02 1; 
01 1; 
02 1; 
01 1; 
01 1; 
01 1; 
01 1; 
02 1; 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
02 1; 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
02 1; 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
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Table 5.2. (Continued) 
 
 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
01 1; 
 
Unmarked Seen Group=1; 
136 
 
Marked Unidentified Group=1; 
0 
 
Known Marks Group=1; 
0 
 
/* End Input File */ 
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Appendix IV. Melon-headed whale photo-ID catalog 

 

The final melon-headed whale catalog for the Marquesas Islands is shown below. The catalog ID (Cat ID) and island ID 

(Isl ID) are shown in the left columns. Shaded island IDs indicate DMIs that were first seen at Ua Pou and later seen at Nuku 

Hiva. The number of DMI images for each DMI are shown and are grouped by island and by encounter. The far right column 

(Resights/indiv) shows the total number of DMI images for each DMI. Totals at the bottom of the table depict the total number of 

DMI images (Total # of sightings (n)) and the total number of DMIs (Total # of individuals) by encounter. 
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Table 5.3. Melon-headed whale photo-identification catalog for the Marquesas Islands. 
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