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ABSTRACT 

Bottlenose dolphins (Tursiops truncatus) occupy a wide range of coastal and pelagic habitats 
throughout tropical and temperate waters worldwide. Around New Zealand, bottlenose dolphins 
inhabit three discontinuous regions in the north-eastern coast of the North Island, Marlborough 
Sound and Fiordland in the South Island. All these populations are subject to anthropogenic 
activities including dolphin-based tourism industry. Along the north-eastern coast of the North 
Island, the Bay of Islands presents a unique opportunity to study this population because of 
regular occurrence year-round and a history of long-term studies conducted in the region. This 
study examines the population structure and genetic diversity of the three New Zealand 
bottlenose dolphin populations to define their boundaries. Second, it focuses on the Bay of 
Islands subpopulation to investigate the dynamics of dolphin groups, pattern of habitat use, 
abundance and trends over time. Finally, it estimates reproductive parameters of female 
bottlenose dolphins to predict the long-term viability of the Bay of Islands subpopulation. 
 
To investigate the population structure and genetic diversity of bottlenose dolphin, skin samples 
were collected using a remote biopsy dart from the three New Zealand populations. Analysis of 
the molecular variance (AMOVA) from mitochondrial DNA (mtDNA) control region sequences (n 
= 193) showed considerable differentiation among populations (FST = 0.17, ΦST = 0.21, P< 
0.001) suggesting little or no female gene flow or interchange. All three New Zealand 
populations showed higher mtDNA diversity than expected given their small population sizes and 
apparent isolation. To explain the source of this variation, 22 control region haplotypes from 
New Zealand were compared to 108 haplotypes worldwide representing 586 individuals from 19 
populations and including both ‘inshore’ and ‘offshore’ ecotypes as described in the Western 
North Atlantic. All haplotypes found in the Pacific, regardless of population habitat use (i.e., 
coastal or pelagic) were more divergent from populations described as ‘inshore’ ecotype in the 
Western North Atlantic than from a population described as ‘offshore’ ecotype. Analysis of gene 
flow indicated long-distance dispersal among coastal and pelagic populations worldwide, except 
for those haplotypes described as ‘inshore’ ecotype in the Western North Atlantic; suggesting that 
these populations are interconnected on an evolutionary time scale. This finding suggests that 
habitat specialization has occurred independently in different ocean basins, perhaps with T. 
aduncus filling the ecological niche of the ‘inshore’ ecotype in some coastal regions of the Indian 
and Western Pacific Oceans. 
 

The dynamics of dolphin groups in the Bay of Islands and their use of the habitat were 
investigated using two standardised datasets of consistent effort (1997-99 and 2003-05). The 
1997-99 dataset contained a total of 1,711 sighting records of 258 individual dolphins, of which 
39% were newly added to the photo-identification catalogue (n = 101) and the rest (n = 157), 
were re-sightings of previously catalogued dolphins. The 2003-05 dataset included a total of 
1,889 sightings records of 159 individual dolphins. Overall, 98 dolphins sighted during 1997-
99 were resighted during 2003-05. Encounters with dolphins increased significantly (P < 0.001) 
from 69.5% during 1997-99 to 87.1% encounters during 2003-05. There were more individually 
identified dolphins using the Bay of Islands during 1997-99 when compared to 2003-05; despite 
a lower number of sightings and groups encountered. There were annual variations in the 
number of groups encountered including a lower number of dolphins sighted during winter. 
Analysis of resighting rates suggested a very dynamic pattern of habitat use with fewer individuals 
sighted in the area more often than expected (i.e., frequent users; ~20%) while most dolphins 
were occasional or infrequent visitors. Additionally, a change in use of the area was detected, 
with 40 frequent users out of 67 using the Bay of Islands differentially. Changes in habitat use 
over time may be attributed to foraging (changes in prey distribution or abundance), reproductive 
strategy, competition for resources, a consequence of anthropogenic impacts or a combination 
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of all or some of the above. During 2003-05 there were relatively few frequent users (n=37) 
found in the Bay of Islands regularly. Therefore, the exposure of frequent users to tour-boat 
operators should be closely monitored to avoid cumulative impact and potential detrimental 
effects on survival or reproductive fitness. 
 
The composition of maternal lineages of biopsy sampled frequent users (n=23) was not 
significantly different from other dolphins in the Bay (n=108) suggesting that social affiliations, as 
opposed to direct kinship, play a more important role in the maintenance of long-term 
relationships between individuals. The sex ratio of the population was estimated at 1.3:1 males: 
females with no significant differences between sexes. Sex information was available for 37 
frequent users and no differences (P = 0.099) between sexes were detected, indicating no sex-
segregation within frequent users in the Bay of Islands. 
 

Four Cormack-Jolly-Seber models were used to estimate survival and capture probabilities over 
different temporal scales. An open population model that allows for variation in capture 
probabilities and survival over time best describes this subpopulation with the pooled annual 
dataset. This is because the effects of migration, heterogeneity and higher capture probabilities 
observed in the Bay of Islands dataset. Results suggested a 38% decline from 204 (CV=0.03) 
individually identified adult dolphins using the Bay of Islands in 1998 to 126 (CV=0.02) in 
2004. The abundance of the larger north-eastern North Island population was estimated at 428 
adult dolphins. A decline in apparent adult survival was observed in the Bay of Islands, with lower 
values than those reported for other regions (0.907 in 1999 and 0.717 in 2004). Several 
documented deaths among the frequent users of the Bay of Islands have contributed to this lower 
survival rate. Despite the decline in estimated abundance, dolphins continue to be found 
regularly in the Bay of Islands, suggesting a change from more individuals using the area 
irregularly, to fewer individuals using the Bay of Islands more regularly. Consequently, it seems 
that a shift in habitat use as well as some combination of emigration, mortality and low 
recruitment could underlie the estimated decline. Although the cause of these changes requires 
further investigation, a precautionary approach to manage all anthropogenic disturbances is 
recommended throughout the range of the north-eastern North Island population. 
 
A total of 53 dolphins were observed to be reproductive females over ≥ 2 consecutive and 
independent encounters. Additionally, 11 females were sexed using molecular methods and 
direct observation but were never sighted with a calf. Since 1994, 52 young of the year were 
successfully assigned to individually identified mothers; the fates of 41 of these were documented 
over differing periods of time. Similarly to studies conducted in other regions, and consistent with 
the estimated calving rate (0.25 calf (reproductive female)-1 yr-1; CI = 0.16-0.35), average 
calving interval was estimated at 4.25 years (range 2.20-6.78; SD = 1.54). Conversely, mortality 
rates to age 1+ (0.42; CI = 0.27-0.57) and 2+ (0.22; CI = 0.08-0.58) were higher than 
reported elsewhere. The high calf mortality observed here in conjunction with a decline in 
abundance highlight the vulnerability of this utilised subpopulation. 
 
The present study provided substantial evidence to suggest that dolphins using the Bay of Islands 
are genetically differentiated from the other populations in New Zealand. Further analyses 
suggested a decline in abundance, high calf mortality and a decline in adult survival. Long-term 
monitoring in the Bay of Islands is needed to examine the causes of decline; which could threaten 
the persistence of this population and the sustainability of dolphin-related tourism activities. 
Different management conservancies throughout the bottlenose dolphin range along the coast of 
the north-eastern North Island need to coordinate their conservation efforts in a consistent 
manner and implement a precautionary approach to manage all sources of anthropogenic 
disturbances. 
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1 INTRODUCTION 

The pattern and process of natural populations can be broadly understood through the use of 

molecular genetics (e.g., Avise et al., 1987; Hoelzel et al., 2002). Historic and contemporary 

dispersal patterns, historic levels of genetic variation, the population mating system and past 

changes in abundance including human exploitation determine the distribution of genetic 

variation among subpopulations. These factors interact with the opposing forces of genetic 

drift, selection and gene flow, creating population structuring (Futuyma 1979; Lacy 1987). 

 

Population structure is an expression of the distribution of genetic variation, and it is recognized 

that the structuring of natural populations plays an active role in both microevolution and 

speciation (Wright 1932; Wright 1965). Understanding the structure of natural populations is 

of interest to evolutionary biologists, ecologists, conservationists and wildlife managers. From 

an applied perspective, understanding rates of genetic exchange between subpopulations is a 

key element in identifying biologically meaningful population subdivisions, defining 

evolutionary significant units (ESU's, Ryder 1986), and genetic management units (Moritz 

1994). Furthermore, the structuring of populations plays a critical role in determining the levels 

of genetic diversity. Hence, population genetic studies are a priority where the conservation 

and management of a species is an issue (Hoelzel 1998; O'Brien 1994). 

 

Detection of genetic variability among individuals has been used for estimating important 

population parameters such as diversity (Nei 1987a), demographic history (Avise 1989; Avise 

et al., 1987), effective population size, gene flow, social and genetic structure (e.g., Baker et 

al., 1993; Duffield and Wells 2002; Harlin et al., 2003; Krützen et al., 2005; Pichler et al., 

1998). Genetic diversity is required for populations to evolve and adapt to continuous changes 

in the environment (Frankham et al., 2002). Moreover, in small populations inbreeding can 

greatly reduce individual fitness, and the loss of genetic variation due to random genetic drift 

can diminish future adaptability to a changing environment (Lacy 1987). Genetic factors may 

frequently interact with demographic and environmental fluctuations in precipitating species 

decline (e.g., Frankham et al., 2002; O'Brien et al., 1985) 

 

For cetaceans, recent studies have begun to integrate ecological, demographic and life history 

data with genetic information (Duffield and Wells 2002; Krützen 2002; Rosenbaum et al., 

2002; Weinrich et al., 2006). This is specifically important in species whose social structure 

and behaviour are highly correlated with genealogy. Expansion of demography and genetic 
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analysis has ranged from creating genetic profiles of identified individuals to testing hypotheses 

of social structure (Duffield and Wells 2002; Krützen et al., 2005; Weinrich et al., 2006).  

 

Individual-based demographic studies provide a necessary complement to the information 

provided by molecular ecology. Knowledge of demographic parameters and trends in 

abundance are crucial to properly conserve a population and evaluate the effectiveness of 

management plans (Caughley 1977). Coastal cetaceans are particularly vulnerable to 

anthropogenic impact including direct (e.g., bycatch, culling, ship strikes and live captures, 

Reeves et al., 2003) and indirect threats (e.g., pollution, boat traffic, tourism activities, habitat 

degradation, prey depletion and climate change, Reeves et al., 2003). Detecting declines in 

cetacean abundance can be difficult because of limited power to detect trends (Taylor and 

Gerrodette 1993; Taylor et al., 2007). A long-term database provides valuable data to explore 

the dynamics and abundance of a population including investigation of demographic 

parameters and evaluation of trends over time (Currey et al., 2007; Wells and Scott 1990). 

Particularly, knowledge of female reproductive biology provides an understanding of the 

likelihood of a species’ survival, vulnerability and persistence (Wasser and Waterhouse 1983).  

 

A combination of demographic and molecular methods allows investigation over different time-

scales, providing a powerful framework to understand the ecological and evolutionary forces 

affecting survival and predicting the long-term persistence of a population. In this thesis, I 

investigate the genetic diversity and population structure of the New Zealand bottlenose 

dolphin. I further combine molecular and demographic methods to investigate the group 

dynamics, maternal lineages, pattern of habitat use, trends in abundance over time and 

reproductive parameters of bottlenose dolphins in the Bay of Islands subpopulation. 

 

In this chapter I provide a review of the state of knowledge of different aspects of bottlenose 

dolphin taxonomy, biology, ecology and threats, including methods employed in this thesis and 

an outline of this dissertation including collaborative agreements. 

 

1.1 Taxonomy of bottlenose dolphins  

The order Cetacea includes approximately 80+ living species divided into two suborders: 

mysticeti (baleen whales) and odontoceti (toothed whales, dolphins and porpoises, Rice 1998). 

The latter includes ten families: Physeteridae (sperm whale), Kogiidae (pygmy and dwarf sperm 

whale), Monodontidae (narwhal and beluga), Ziphidae (beaked and bottlenose whales), 

Delphinidae (killer whale and dolphins), Phocoenidae (porpoises), Platanistidae (Indus and 
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Ganges river dolphins) Inia (amazon river dolphin), Lipotidae (baiji) and Pontoporidae  

(franciscana dolphin, Perrin et al., 2009; Rice 1998). 

 

The bottlenose dolphin is a member of the family Delphinidae, which is the largest and most 

diverse comprising approximately 36 species (Perrin et al., 2009). The evolutionary 

relationships among members of this family are still debatable and not well understood 

(Caballero et al., 2008; LeDuc et al., 1999; Perrin 1989). However, the main characteristics of 

this family is the presence of a distinct beak, two or more fused cervical vertebra and 20 or 

more pairs of teeth in the upper jaw (Martin 1990).  

 

“Eukaryota; Metazoa; Eumetazoa; Bilateria; Coelomata; 

Deuterostomia; Chordata; Craniata; Vertebrata; 

Gnathostomata; Teleostomi; Euteleostomi; Sarcopterygii; 

Tetrapoda; Amniota; Mammalia; Theria; Eutheria; 

Laurasiatheria; Cetartiodactyla; Cetacea; Odontoceti; 

Delphinidae; Tursiops” 

-Genbank organism description- 

(http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=9739) 

 

Bottlenose dolphins belong to the Tursiops genus included in the Delphininae subfamily which 

also includes the genera Sotalia, Sousa, Stenella, Delphinus and Lagenodelphis (Caballero et 

al., 2008). Tursiops derive from the Latin word Tursio which means ‘an animal like the dolphin’ 

‘ops’ is a Greek suffix that means ‘appearance or face’ and trunco is a Latin word meaning 

‘truncated or cut off’ (Leatherwood et al., 1983).  

 

The first species recognised from the genus Tursiops was Tursiops tursio described as Delphinus 

tursio by Fabricius in 1780. Bonnaterre also described Delphinus tursio or the “grand dauphin 

ou le souffleur” from a specimen he observed in the French coast (Hershkovitz 1966). 

Lacépède described the species as Delphinus nesarnack; although the type-specimen 

disappeared and this name was no longer used (Wells and Scott 1999). Montagu (1821 in 

Wells and Scott 1999) described a specimen from the River Dalt in England and called it 

Delphinus truncatus due to the flattened tooth tips he observed in this individual (probably 

caused by wear rather than being characteristic of the species). Gray (1843) placed the species 

in a new genus that Gervais in 1855 called Tursiops (Wells and Scott 1999). Both Brown in 
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1875 and True in 1903, claimed that the species described by Fabricius was not a bottlenose 

dolphin but rather a blackfish (Globicephala sp.) because of the large size of the specimen and 

the location where it was found (Greenland, True 1914). They proposed that the correct 

scientific name for the species was Tursiops truncatus according to Montagu (1821, Hershkovitz 

1966). 

 

1.1.1 Difficulties in Tursiops taxonomy 

Despite bottlenose dolphins being one of the most studied species of cetacean, the taxonomic 

status within the genus Tursiops has long been controversial. Geographical variations in 

morphology have led some authors in the past to divide the genus into more than 20 different 

species or subspecies (Hershkovitz 1966). Rice (1998, page 105) notes that “despite the wide 

distribution, abundance, and popularity of bottlenose dolphins, their taxonomy remains 

muddled”.  

 

Examples of Tursiops species described includes (but is not limited to): T. compressicauda 

(Lesson 1828 in Hershkovitz 1966), Delphinus abusalam (later renamed as T. aduncus, Rüppell 

1842 in Hershkovitz 1966), T. catalania (True 1914), T. gilli (Hershkovitz 1966), T. gephyreus 

(Lahille 1908), T. nuannu (Andrews 1911 in True 1914) and T. parvimanus (Lütken in True 

1914). Hershkovitz (1966) conducted a revision of this genus and described two species 

(Tursiops truncatus and Tursiops gilli) that included more than 20 subspecies. He anticipated 

the difficulties in the taxonomy of the genus and recognised the urgent need for a revision. 

 

During the 1970’s, most authors accepted that Tursiops truncatus (Montagu 1821) was the 

only species in the genus that showed significant geographic variations in morphology (Rice 

1977). Later, Ross (1977) analysed the morphology of bottlenose dolphins from South Africa 

and suggested the presence of two species, T. truncatus and T. aduncus. Thirteen years later, 

Ross and Cockcroft (1990) analysed specimens from Australia and concluded that the 

differences observed by Ross (1977) were due to significant geographic variations in 

morphology throughout the range. The authors recognised a single species, T. truncatus, that 

included a smaller coastal form found in the Indo-Pacific region (e.g., Mead and Potter 1990; 

Ross and Cockcroft 1990). 

 

Later, Gao et al., (1995) investigated the morphology of two ‘forms’ of bottlenose dolphins in 

Chinese waters. The authors clearly described two forms of Tursiops, but given that the 

differences observed were similar to those found between potential ecotypes (‘inshore’ and 
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‘offshore’) in other regions, they concluded that they did not have enough data to support the 

occurrence of different species. It was only with the work of Wang and collaborators (Wang et 

al., 2000a; Wang et al., 2000b; Wang et al., 1999) that the presence of two species become 

clear. The authors investigated sympatric populations of bottlenose dolphins in Chinese waters 

and provided evidence from external morphology, osteology and genetics to support the 

distinction between T. truncatus and T. aduncus. Further evidence from morphology and 

genetic analyses conducted in Australia and Japan supported the conclusion that two species 

occurred in the Indo-Pacific region (Hale et al., 2000; Kakuda et al., 2002; Kemper 2004; 

Kurihara and Oda 2006; Kurihara and Oda 2007; Møller and Beheregaray 2001).  

 

Genetic analyses using mitochondrial DNA (mtDNA) control region sequences and nuclear 

markers suggested a closer relationship between T. truncatus populations from different oceans 

than between Chinese T. truncatus and T. aduncus type-individuals (Natoli et al., 2004; Wang 

et al., 1999). Analysis of mtDNA cytochrome b sequences suggested a closer relationship 

between Stenella frontalis and T. aduncus than between the two Tursiops species (LeDuc et al., 

1999); suggesting that this genus is not monotypic. 

 

1.1.2 The Stenella, Tursiops and Delphinus complex 

Bottlenose dolphins are part of a wider taxonomic problem that involves the entire Delphininae 

subfamily; particularly what is referred to as “the STD complex” (i.e., Stenella, Tursiops and 

Delphinus). This is because of the high intraspecific diversity and low interspecific divergence 

observed in this subfamily (Reeves et al., 2004). The taxonomic problem of this subfamily is 

complicated further by the effects of hybridism and introgression, because fertile intergeneric 

hybrids are commonly found among species. For instance, 29 hybridization events occurred 

since 1974 in captivity that included Tursiops mating with an individual of another species that 

produced viable offspring (for a review refer to Zornetzer and Duffield 2003). Possible cases of 

hybridism involving the Delphininae subfamily have also been observed in the wild (e.g., 

Benegas et al., 2000.; Bérubé 2002; Dohl et al., 1974; Reyes 1996). Furthermore, in Shark 

Bay (Western Australia) two different clusters of lineages representing T. truncatus and T. 

aduncus are sympatric with no apparent reproductive isolation (Krützen and Sherwin 2004) 

suggesting this may represent an hybrid zone. 

 

A study conducted by Kingston et al., (2005) found that it was not possible to resolve the 

relationship among members of the STD complex using only mtDNA control region sequences, 

and suggested that other genetic markers or a nuclear multi-locus approach should be used 
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instead, to resolve phylogenies in complicated situations (Caballero et al., 2008; Kingston and 

Rosel 2004). 

 

1.1.3 How many Tursiops species or subspecies are there? 

There is urgent need to conduct a worldwide revision on the taxonomy of Tursiops. Two species 

are currently recognized, which includes T. truncatus and T. aduncus (Reeves et al., 2004). 

However, cryptic species/subspecies have been described in South Australia, the Black Sea, 

possibly South America and the Indo-Pacific Ocean (Barreto 2000; Møller et al., 2008; 

Tezanos-Pinto et al., in prep; Viaud-Martínez et al., 2008). 

 

A subspecies, Tursiops truncatus ponticus, has been proposed for bottlenose dolphins 

inhabiting the Black Sea. These individuals are smaller than those found in the Mediterranean 

(maximum length 244 cm as opposed to 315 cm), possess a uniquely shaped skull and are 

genetically distinct at both the mitochondrial DNA and nuclear level, suggesting that this 

subspecies is on an independent evolutionary trajectory (Viaud-Martínez et al., 2008). 

 

Based on cranial measurements and preliminary mtDNA control region analyses, T. truncatus 

gephyreus, was proposed for dolphins inhabiting Southern Brazil (Barreto 2000). Although 

molecular analyses may have been biased by small sample size (northern region = 3 and 

southern region = 14) or fine-scale population structuring (e.g., Krützen et al., 2004; Sellas et 

al., 2005). Further analyses should be conducted using a larger number of samples with both 

nuclear and mitochondrial markers (Caballero et al., 2008) including comparisons to other 

populations worldwide (Tezanos-Pinto et al., 2009) 

 

A new species was proposed for Tursiops inhabiting South Australia, Victoria and Tasmania 

based on analyses of cytocrome b, mtDNA control region and nuclear markers (Charlton et al., 

2007; Møller et al., 2008). Fixed differences at the nuclear level and monophyly suggested 

reproductive isolation. Furthermore, a phylogenetic reconstruction using cytochrome b 

sequences indicated that South Australian dolphins were more closely related to Fraser’s 

dolphins (Lagenodelphis hosei) than to T. truncatus or T. aduncus (Møller et al., 2008) . 

 

Recently, the mitochondrial DNA (mtDNA) sequence of the holotype of T. aduncus (Perrin et al., 

2007) matched a haplotype belonging to Tursiops specimens from coastal waters of South 

Africa and seemed more closely related to T. truncatus than to T. aduncus of the western Pacific 
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Ocean (Natoli et al., 2004; Tezanos-Pinto et al., in prep); suggesting that the western Pacific T. 

aduncus may represent a different taxonomic unit. 

 

For the purpose of this thesis, I have attributed presumed taxonomy based on 5 different units 

that presented evidence from independent lines as potentially different species or subspecies 

(Table 1-1). The bottlenose dolphin population inhabiting Shark Bay (Western Australia), has 

two different lineages representing T. truncatus and T. aduncus (Indo-Pacific Ocean, Krützen 

2002; Krützen and Sherwin 2004) and may represent an hybrid zone requiring further 

investigation. I refer to this population as Tursiops spp. (Shark Bay). Dolphins from South 

Australia, Victoria and Tasmania presented independent lines of evidences from mitochondrial 

and nuclear markers and are referred to as Tursiops sp. (South Australia). The proposed 

subspecies T. truncatus gephyreus (Barreto 2000) needs to be further investigated; given the 

lack of independent lines of evidence here it is not considered to be a different subspecies.  



 

9 

 

 

Table 1-1. Presumed taxonomy of bottlenose dolphins, species designation employed in this thesis, examples of study locations, methods used for characterisation 

of taxonomic units (mtDNA CR= control region, CB= cytochrome b, nuclear markers and morphology) and references. 

Presumed 

taxonomy 

Designation 

employed in this 

thesis 

Example of study locations Methods employed References 

Tursiops 

truncatus 

Tursiops truncatus Sarasota Bay, Florida, Gulf of Mexico, Western North 
Atlantic (inshore and offshore ecotypes), Bahamas, 
California, Eastern North Atlantic including the 
Moray Firth (Scotland) and Ireland, Adriatic and 
Mediterranean Sea, New Zealand, Japan and China 

mtDNA CR  
Nuclear markers (in 
some). Morphology 
(in some) 

(Duffield and Wells 2002; Kakuda et al., 2002; 
Kurihara and Oda 2006; Lowther 2006; Natoli et al., 
2005; Natoli et al., 2004; Parsons et al., 2006; 
Parsons et al., 2002; Segura et al., 2006; Sellas et al., 
2005; Tezanos-Pinto et al., 2009; Wang et al., 1999) 

Tursiops 

aduncus 

Tursiops aduncus 

(South Africa) 

South Africa (includes holotype sequence) mtDNA CR 
Morphology 
  

(Natoli et al., 2004; Perrin et al., 2007; Ross 1977) 

Tursiops 

aduncus 

Tursiops aduncus 

(Indo-Pacific 

Ocean) 

Eastern Australia, New Caledonia, China, Taiwan, 
Indonesia and Mikura Island (Japan) 

mtDNA CR 
Morphology (in 
some) 

(Hale et al., 2000; Kakuda et al., 2002; Kurihara and 
Oda 2007; Møller and Beheregaray 2001; Natoli et 
al., 2004; Wang et al., 2000a; Wang et al., 2000b; 
Wang et al., 1999) 

T. truncatus 

ponticus 

Tursiops truncatus 

ponticus 

Black Sea mtDNA CR 
Nuclear markers 
Morphology 

(Natoli et al., 2005; Viaud-Martínez et al., 2008) 

Tursiops 

sp. 

Tursiops sp. (South 

Australia) 

South Australia, Victoria and Tasmania mtDNA CR and CB 
Nuclear markers 

(Charlton et al., 2007; Møller et al., 2008) 

Tursiops 

spp. 

Tursiops spp. 

(Shark Bay) 

Shark Bay, Western Australia mtDNA CR  
Nuclear markers 

(Krützen and Sherwin 2004; Krützen et al., 2004) 

T. truncatus 

gephyreus 

Tursiops truncatus Southern Brazil/ Argentina mtDNA CR 
(preliminary) 
Morphology 

(Barreto 2000) 
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1.1.3.1 T. truncatus and T. aduncus 

The taxonomic relationship between T. truncatus and T. aduncus (Indo-Pacific Ocean) is 

unclear at the global level and local studies and examinations of type specimens are needed. 

However, T. aduncus (Indo-Pacific Ocean) and T. truncatus present clear differences at the 

mtDNA control region level including 7 fixed nucleotide sites (Wang et al., 1999), differences 

in morphology and osteology (Figure 1-1, Kurihara and Oda 2007; Wang et al., 2000a). 

Overall, T. aduncus (Indo-Pacific Ocean) have an overall slender look that includes a longer 

and thinner beak, less bulbous melon and a more pointed head (Wang et al., 2000b). In most 

regions, T. aduncus (Indo-Pacific Ocean) develop black spots in the ventral surface upon 

reaching sexual maturity that increase in intensity with age (Figure 1-1, Hale et al., 2000). 

 

Recently, the mtDNA control region sequence of the holotype of T. aduncus found along the 

coast of the Red Sea was amplified and matched a haplotype sequence belonging to Tursiops 

specimens from coastal waters of South Africa (Perrin et al., 2007); which were previously 

classified as T. truncatus (Smith-Goodwin 1997). Furthermore, comparison among mtDNA 

control region sequences of T. truncatus worldwide, T. aduncus from South Africa and the form 

found in the Indo-Pacific Ocean suggested that South African T. aduncus were more closely 

related to T. truncatus than to Indo-Pacific Ocean T. aduncus (Natoli et al., 2004; Tezanos-

Pinto et al., in prep). Perrin et al., (2007) suggested that South African T. aduncus populations 

should retain the nominal name of the species whereas Indo-Pacific Ocean T. aduncus should 

be revisited and re-named.  

 

   
Figure 1-1. Left: T. truncatus head showing shorter beak than T. aduncus (Indo-Pacific Ocean; right). 

Note spots on ventral side of T. aduncus and longer and thinner beak. Both photographs are from Wang 

et al., (1999). © John Wang/Naturart reproduced with permission of the author. 
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1.2 Distribution and habitat specialization of T. truncatus  

T. truncatus is a cosmopolitan species (or species complex) distributed in a range of temperate 

to tropical habitats (Figure 1-2, Leatherwood et al., 1983). In the Western Atlantic the species 

can be encountered from Nova Scotia (45° N) to Tierra del Fuego (55° S, Goodall et al., 

2004; Leatherwood et al., 1983). Although, sightings in coastal waters of eastern Canada are 

rare with only two records from the upper Bay of Fundy and only one live sighting recorded in 

the Beagle Channel (Tierra del Fuego, Goodall et al., 2004; Kenney 1990). Regular sightings 

occur from Cape Hatteras (USA) to Golfo San José in Argentina (Kenney 1990; Würsig 1978). 

Bottlenose dolphin distribution extends further northward offshore where they range as far as 

Nova Scotia through the Eastern North Atlantic to Great Britain and occasionally, they may 

occur as far north as northern Norway (Lofoten Islands, 67-68°N); including sporadic sightings 

in the Faroe Islands (Bloch 1998; Tomilin 1957; Wells and Scott 1999). They are the most 

common cetacean in the Mediterranean Sea continental shelf (Bearzi et al., 2005) and a 

subspecies, Tursiops truncatus ponticus is found in the Black Sea (Viaud-Martínez et al., 2008). 

 

Oceanic populations have been identified in the Azores (Quérouil et al., 2007) along pelagic 

waters on the Western North Atlantic (Duffield et al., 1983; Kenney 1990) and the Pacific 

Ocean (Scott and Chilvers 1990). In the North Pacific, the distribution ranges from the 

southern Okhotsk Sea and the Kuril Islands (44°- 50° N, Japan) to Monterey Bay in Southern 

California including the Hawaiian archipelago, Palmyra Atoll, Kingman Reef, Cocos and 

Clipperton Islands (Acevedo-Gutierrez 1999; Baird et al., 2001; Leatherwood et al., 1983; 

Martien and Baird 2006; Scott and Chilvers 1990). In the Southern hemisphere, the species 

can be found along both coasts of South America, South Africa (Ross 1977; Tomilin 1957; 

Wells and Scott 1999) and further into the Indian and Pacific Oceans including Australia and 

New Zealand (Leatherwood et al., 1983).  

 

In some regions of the Indo-Pacific Ocean there is overlap with T. aduncus and due to 

taxonomic uncertainties, there are still areas where both species are misidentified (Reeves et al., 

2004). In the South Pacific, T. truncatus is found in many insular regions including Australia, 

New Caledonia, Norfolk Islands, New Zealand, Samoa, French Polynesia, Kiribati Islands 

(Phoenix Archipelago), Tuamotu, Marquesas and possibly in the Solomon Islands (Hale et al., 

2000; Kahn 2004; Leatherwood et al., 1983; Scott and Chilvers 1990; Tezanos-Pinto et al., 

2009; Tezanos-Pinto et al., in prep). 
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Figure 1-2. Reported or assumed worldwide distribution range of T. truncatus and Tursiops spp. (Shark 

Bay) including study sites referred to in the text. 

 

Within this world-wide range, the species occupies a broad variety of habitats including shallow 

mangroves, estuaries, deep fiords, open coast, shallow and protected embayments and deep 

ocean waters off insular regions (e.g., Campbell et al., 2002; Defran and Weller 1999; Irvine 

et al., 1981; Irwin and Würsig 2004; Quérouil et al., 2007; Schneider 1999; Scott and 

Chilvers 1990; Wells et al., 1980; Wilson et al., 1997). T. truncatus is also able to cope for 

prolonged period of times with hyper and hypo-saline waters (Caldwell and Caldwell 1972; 

Schneider 1999; Smolker et al., 1992) and a wide range of sea water temperatures. For 

example, in Sarasota Bay (United States of America) water temperature may reach 35°C 

whereas in Doubtful Sound (Fiordland, New Zealand) the top layer may reach temperatures of 

1-2° C in winter (Schneider 1999; Wells and Scott 1999). Because of this plasticity, bottlenose 

dolphins are able to survive in extreme conditions that include industrialised and polluted 

waters such as the Moray Firth (Scotland) or the Taiwan strait; prey-depleted regions such as 

the Mediterranean Sea; habitats subjected to intense boat traffic such as Sarasota Bay; or 

populations under intense tourism activities such as the Bay of Islands in New Zealand (Bearzi 

et al., 2008a; Bearzi et al., 2005; Constantine et al., 2004; Kaiya et al., 1995; Wells 1997; 

Wilson 1995). 
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1.2.1 T. truncatus ecotypes 

It appears that T. truncatus may have, once or repeatedly, adapted to different environmental 

conditions resulting in several different forms or ‘ecotypes’. The most intensively studied 

population includes the Western North Atlantic (WNA) and Gulf of Mexico where two ecotypes, 

‘inshore’ and ‘offshore’ have been described based on morphology, parasite load, 

haematology profiles, genetics, diet and distribution (Duffield et al., 1983; Hersh and Duffield 

1990; Hoelzel et al., 1998; Kingston and Rosel 2004; Mead and Potter 1990; Natoli et al., 

2004; Sellas et al., 2005; Torres et al., 2003). In many regions of the world however, there is 

insufficient evidence to distinguish between differential habitat use by individuals (i.e., coastal 

or pelagic) and true ecotype specialization of particular bottlenose dolphin genetic lineages. 

 

Based on morphology and parasite load, two different parapatric populations were indentified 

off Peru (Van Waerebeek et al., 1990). Using mtDNA control region sequences, two parapatric 

populations of bottlenose dolphins were proposed for southern Peru and northern Chile 

(Sanino et al., 2005). However, the latter study was restricted in sample size and did not 

provide substantial analyses to confirm this finding. In the Eastern North Pacific and the Gulf of 

California, parapatric populations were genetically differentiated (Lowther 2006; Segura et al., 

2006). However, there were no nuclear fixed sites or monophyly between coastal-pelagic 

populations. In fact, genetic differences between coastal and pelagic populations in the Eastern 

North Pacific (ΦST = 0.27, Lowther 2006) were much lower than those observed in the WNA 

(ΦST = 0.60, Hoelzel et al., 1998). The implication is that there has been connectivity or recent 

isolation between parapatric populations in the Eastern North Pacific and greater time in 

isolation for sequence divergence to occur between ecotypes in the WNA.  

 

Along the WNA and Gulf of Mexico, coastal bottlenose dolphins appear to be smaller than 

oceanic animals (Curry 1997); however the opposite appear to be true in the Eastern North 

Pacific (Walker 1981 cited in Lowther 2006). Hersh and Duffield (1990) suggested that the 

smaller size in the coastal form may be an adaptation to allow better manoeuvrability in 

shallow environments and further suggested that a small body size may be thermally 

disadvantageous in cooler waters. However, it is possible that some of the earlier studies 

conducted using morphological characters may have been confused by taxonomic 

uncertainties (Reeves et al., 2004).  
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1.3 Molecular ecology of T. truncatus  

Despite the potential for long distance dispersal within T. truncatus, significant population 

structure over relatively small geographic distances have been detected among coastal 

regional populations such as those along the coasts of the Gulf of Mexico, Bahamas, 

Mediterranean and Black Seas (Hoelzel et al., 1998; Natoli et al., 2005; Natoli et al., 2004; 

Parsons et al., 2006; Parsons et al., 2002; Sellas et al., 2005; Torres et al., 2003; Viaud-

Martínez et al., 2008) and some insular regions (Martien and Baird 2006, Table 1-2, Figure 1-

3). The significant genetic structure found in coastal Tursiops seems consistent with the site 

fidelity and social organization described through long-term direct observations of recognized 

individual dolphins (Connor et al., 1992; Connor et al., 2000; Scott et al., 1990; Wells et al., 

1987). Coastal bottlenose dolphins form stable, long-lasting associations, with individuals 

often showing strong site fidelity and restricted movements for both sexes (Mate et al., 1995; 

Natoli et al., 2005; Wells et al., 1987) causing significant genetic differentiation between 

populations (e.g., Sellas et al., 2005), even in insular regions (Martien and Baird 2006; 

Rossbach and Herzing 1999). 

 

The only bottlenose dolphin population studied to date where no significant population 

structure was found is in the North Atlantic off the Azores and Madeira (Quérouil et al., 2007). 

Dolphins in the Azores have extensive home ranges with long-distance movements that seem to 

be in response to low densities of prey; such movements would provide opportunities for 

interbreeding between neighbouring localities and thus result in a lack of genetic differentiation 

(Silva et al., 2008). 

 

On a worldwide scale, pelagic T. truncatus seem to be characterized by high levels of genetic 

diversity while coastal populations are characterized by low levels of genetic diversity (Natoli et 

al., 2004). Moreover, pelagic populations are likely to be the source of independent founder 

events which have generated somewhat discrete population segments in coastal areas perhaps 

as a result of resource specialization or philopatry (Hoelzel 1998; Natoli et al., 2004).  
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Table 1-2. Summary of population structure studies mentioned in the text conducted in regional 

populations of T. truncatus. Abbreviations: WNA= Western north Atlantic, mtDNA CR= mitochondrial 

DNA control region, oce=oceanic. ΦST and FST refer to estimates using mtDNA sequences. 

 
1,2(Dowling and Brown 1993; Sellas et al., 2005), 3(Natoli et al., 2004),4,5,6,7(Curry 1997; Hoelzel et al., 
1998; Remington et al., 2007; Torres et al., 2003), 8,9(Parsons et al., 2006; Rossbach and Herzing 
1999), 10(Lowther 2006), 11(Segura et al., 2006), 12,13(Sanino et al., 2005; Van Waerebeek et al., 
1990), 14,15(Natoli et al., 2005; Viaud-Martínez et al., 2008), 16(Quérouil et al., 2007), 17(Parsons et al., 
2002), 18(Barreto 2000), 19(Martien and Baird 2006), 20(Morisaka et al., 2005). 
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Figure 1-3. Summary of population structure studies conducted in regional populations of T. truncatus 

mentioned in the text  

 

1.4 Tursiops life history parameters, demography and ecology 

To properly manage and conserve species and populations, it is necessary to understand life 

history parameters (Caughley 1977). Bottlenose dolphins, as all other cetaceans, are K-

strategists (or K-selected species). This means that their life history attributes (or evolved traits) 

maximize the probability that the population size will remain relatively stable at approximately 

the carrying capacity (K) of the environment (Reynolds et al., 2000). Characteristics of K-

strategists include low fecundity, older age at first reproduction, slow rate of development of 

offspring, extended parental care, strong associations among individuals with prolonged 

bonds, relatively large body size and long life span (Reynolds et al., 2000; Ricklefs 1990). Due 

to these attributes, K-selected species are more vulnerable and easily depleted by 

overexploitation because such species are “biologically incapable of dramatic recoveries” 

(page 93 in Reynolds et al., 2000). This means that populations usually remain at small sizes 

and the impacts of pollution, overexploitation of populations or their prey, anthropogenic 

impacts and diseases can have significant effects, particularly in coastal populations (In T. 

truncatus: Bearzi et al., 2006; Lusseau 2003a; Wells et al., 2007). Furthermore, small 

populations are vulnerable to the effects of inbreeding and stochastic events (refer to genetic 

diversity). 
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Life history parameters are difficult to estimate with accuracy in long-lived mammals requiring 

dedicated long-term studies. The longest ongoing study of T. truncatus has been conducted in 

Sarasota Bay (Florida), where bottlenose dolphins have been studied since the 1970’s (Scott et 

al., 1990) and provides most of the information known on Tursiops. Following the life histories 

of individual identified dolphins across five generations (Wells 1991; Wells et al., 2007), the 

Sarasota project has investigated a broad range of topics including (among others), social 

associations, mating systems, reproductive patterns (Wells 1991; Wells et al., 1980; Wells et 

al., 1987), ranging patterns, habitat usage (Irvine et al., 1981; Mate et al., 1995), life history, 

population dynamics (Tolley et al., 1995; Wells and Scott 1990), population structure, 

behaviour, relatedness, paternity (Duffield and Wells 1991; Duffield and Wells 2002; Sellas et 

al., 2005; Wells 1986) and anthropogenic impact (Wells 1997; Wells et al., 2007). 

 

Other T. truncatus long-term projects include the Moray Firth in Scotland, the Adriatic Sea, 

Doubtful Sound, Bay of Islands (New Zealand) and Tursiops spp. (Shark Bay) in Western 

Australia (Bearzi et al., 1997; Bearzi et al., 1999; Connor et al., 2000; Constantine 2002; 

Currey et al., 2007; Williams 1992; Wilson 1995; Wilson et al., 1997). 

 

Demographic parameters have been estimated in some long-term studies (Table 1-3). 

However, most information has been provided by the Sarasota Bay project. Briefly, bottlenose 

dolphins are long lived, reaching more than 50 years of age. Females live longer than males 

(Hohn et al., 1998; Stolen and Barlow 2003; Wells et al., 1987) attaining sexual maturity 

between 6 to 12 years of age (Mann et al., 2000; Wells et al., 1987); which is 2 to 3 years 

prior to the attainment of physical maturity. Males in contrast, attain sexual maturity just before 

reaching physical maturity (Cockcroft and Ross 1990) and have higher mortality rates than 

those observed in females for all age classes (Stolen and Barlow 2003). In Shark Bay, females 

of Tursiops spp. generally start reproducing between 12 to 15 years; this longer pre-

reproductive period has been attributed to differences in body size with Shark Bay dolphins 

being considerably smaller than T. truncatus from Sarasota Bay (220-230 cm as opposed to 

251-261cm in Sarasota Bay, Mann et al., 2000; Reynolds et al., 2000). Although it is likely 

these are two different species (Krützen and Sherwin 2004).  

 

Females have polyestrus cycles and spontaneous ovulation, after a minimum of 341 to a 

maximum of 373-day gestation period they give birth to one calf, every 2 to 6 years, usually 

during spring and summer (Cockcroft and Ross 1990; Würsig 1978); although this varies 

among populations (Mann et al., 2000). 
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  Female dolphins in general are characterised by extensive maternal investment, and 

bottlenose dolphins are no exception (Mann and Smuts 1998). A calf depends nutritionally on 

its mother for at least the first 18 months of life and non-nutritional suckling may continue for 3 

to 6 years for some pairs with some calves observed nursing at 8 years of age (Cockcroft and 

Ross 1990; Mann et al., 2000). As with most mammals, it is possible that older females spend 

more time rearing their offspring than younger females do, resulting in longer calving intervals 

with increased age (Clutton-Brock 1989; Clutton-Brock et al., 1982). Females bottlenose 

dolphins will only give birth again once their last offspring has been weaned or if it died 

(Connor et al., 2000; Mann et al., 2000). 

 

In both terrestrial and marine mammals, mortality rates of calves are usually higher than those 

observed in other age-class groups (Caughley 1977; Stolen and Barlow 2003). For example, 

in Sarasota Bay the minimum mortality rate of the young of the year (calf < 1 year old) was 

estimated at 18.9 % whereas that of all animals older than one year was estimated from a low 

of 3.8% to a high of 10% (Wells and Scott 1990, Table 1-3). In Shark Bay (Tursiops spp.) the 

mortality rate of calves (< 1 year old) from mothers that were not fed by humans (non-

provisioned) was estimated at 24% (Mann et al., 2000). This mortality was significantly 

correlated with water depth, probably because shallow waters used by mother-calf pairs may 

allow detection and avoidance of predators or present more prey items (Mann et al., 2000). 

However poor calf condition, not predation, seemed to be the primary cause of calf mortality in 

this region (Mann and Watson-Capps 2003). In the Bay of Islands, the mortality rate of calves 

(< 1 year old) was estimated at 29%, with the majority of deaths occurring before three months 

of age (Table 1-3, calculated from values published in Constantine 2002). 

 

The birth rate is another important parameter for evaluating the status and trends of a 

population., One method to estimate birth rates consists of calculating the number of young of 

the year (age < 1 year old) divided by the total population (i.e., crude birth rate). However, it 

should be noted that it is difficult to obtain accurate estimates of this parameter because some 

calves may die before they are sighted causing underestimation (Wells and Scott 1990). Wells 

and Scott (1990) calculated a mean crude birth rate of 0.055 for Sarasota; for the Northern 

Adriatic Sea Bearzi et al., (1997) estimated 0.049. Haase and Schneider (2001) estimated in 

Doubtful Sound during 1994-97 a value of 0.056; although for one single year (1999) this 

value increased to 0.138 and was attributed to several females attaining sexual maturity and 

giving birth at the same time (Table 1-3).  
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Another important parameter to estimate in a population is the fecundity rate. Raw fecundity 

rates are usually estimated as the number of live births a female produces over their life 

(Caughley 1977)l; although, this estimate does not consider calf mortality. In cetaceans, this 

parameter can be estimated using stranding carcasses. However, in living dolphins, this is 

difficult due to their long life-spans (~ 40-50 years) resulting in many years of continuous 

studies before any estimate can be obtained. Alternatively, adjusted fecundity rates are 

estimated as the number of young of the year (calf < 1 year old) surviving to one year of age, 

born to known reproductive females as a proportion of the total population of known 

reproductive females ((births surviving to 1 year (reproductive females)-1 yr-1); this estimate 

accounts for calf mortality. In Sarasota Bay, mean adjusted fecundity rate was estimated at 

0.14 (SD=0.024, Wells and Scott 1990) whereas in North Carolina a mean value of 0.22 

(SD=0.09) was estimated (Table 1-3, Graves Thayer 2008). 
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Table 1-3. Demographic parameters of bottlenose dolphins referred to in the text. Abbreviations: Sp= species, Pop=population, SE= standard error, SD= 

standard deviation, CV= coefficient of variation, cat=catalogue, Max= maximum, adj. fecundity= adjusted fecundity, yoy= young of the year, y=years, M= male, 

F= female, cm= centimetres, n/a= not available.  

 
1 (Constantine 2002); 2, 3, 4(Currey et al., 2007; Currey et al., 2009b; Haase and Schneider 2001); 5, 6(Reynolds et al., 2000; Wells and Scott 1990); 
7, 8(Graves Thayer 2008; Read et al., 2003); 9(Bearzi et al., 1997); 10(Wilson et al., 1999); 11, 12(Cockcroft and Ross 1990; Ross et al., 1989); 13, 

14(Kakuda et al., 2002; Kogi et al., 2004); 15, 16(Mann et al., 2000; Preen et al., 1997). 
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1.4.1 Residency patterns, habitat and site fidelity 

The availability and distribution of food resources, the degree and type of predation and the 

physical characteristics of the habitat are especially important sources of ecological pressure 

shaping the social structure of cetacean populations (Wells et al., 1980). The interplay between 

environment, sociality and behaviour is particularly evident when bottlenose dolphins occurring 

in enclosed bays or relatively sheltered regions are compared to populations living in open-

water habitats (Ballance 1992; Shane et al., 1986; Wells 1991; Würsig 1978). Bottlenose 

dolphins inhabiting open-waters or semi-open habitats usually do not show strong site fidelity 

but sustain larger group sizes and have more expansive home ranges (Barco et al., 1999; 

Defran et al., 1999; Würsig 1978).  

 

In contrast to open-water populations, bottlenose dolphins inhabiting enclosed bays or 

relatively sheltered regions show strong site fidelity including a high degree of residency to an 

area with smaller group sizes and comparatively limited movement patterns. This is the case of 

Sarasota Bay (USA), Moray Firth (Scotland), Doubtful Sound (Fiordland, New Zealand) and the 

Amvrakikos Gulf in Greece (Bearzi et al., 2008a; Schneider 1999; Shane 1980; Wells 1991; 

Wilson et al., 1997). However, a high degree of residency does not mean that all members will 

be present at all times (Würsig and Harris 1990). Usually dolphins will move around and 

different degrees of residency will be observed, resulting in resident and semi-resident animals 

(Irwin and Würsig 2004). For example, bottlenose dolphins studied off Argentina, Mississippi 

Sound (USA), California, the Bay of Islands and Marlborough Sounds showed different degrees 

of residency. Different resighting rates result in mixed usage of an area with some dolphins 

being more frequently encountered than expected whereas other individuals are occasionally or 

infrequently sighted (Bearzi 2005; Constantine 2002; Hubard et al., 2004; Merriman 2007; 

Würsig 1978). Additionally, in some regions, there is a combination of residency and seasonal 

shifts in movements that is not completely understood (Hansen 1990; Wells et al., 1990). 

 

1.4.2 Movements  

Bottlenose dolphins are known to travel great distances. In Argentina, six individually identified 

dolphins travelled 300km from the area where they were first sighted and four months later 

were identified back at the study site, completing a 600 km journey (Würsig and Würsig 1977). 

In the Moray Firth (UK) bottlenose dolphins are known to travel 300-350 km south into St 

Andrews and the Firth of Forth (Wilson et al., 1997). Additionally, bottlenose dolphins from the 

California coast moved 670 km further north in response to fluctuations in water temperature 

due to the El Niño event (Wells et al., 1990). Dolphins from the North-eastern coast of the 
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North Island in New Zealand have been resighted in the Manukau harbour, approximately 550 

km from where they were first sighted in the Bay of Islands (R. Constantine, personal 

communication).  

 

Limits to species movements appear to be related to prey distribution rather than directly 

associated with water temperature. For instance, sightings of bottlenose dolphins have occurred 

as far south as the Beagle Channel in Tierra del Fuego (55°S; Argentina) where sea water 

temperature (SST) ranges from 4°C in winter to 8°C in summer or occasionally as far north as 

the Lofoten Islands in Norway, where SST ranges from 3°C to 14°C (Goodall et al., 2004; 

Tomilin 1957) and throughout the tropics where SST can reach 35°C. At the limit of the 

species’ range in the western North Atlantic, populations are seasonally migratory, with a more 

southern distribution in winter (Wells and Scott 1999).  

 

As with many other cetacean species, despite the potential for long-distance dispersal many 

populations show long-term residency and philopatry to an area, resulting in significant genetic 

population structure (for Tursiops spp.: Krützen et al., 2004; for T. truncatus: Natoli et al., 

2005; Natoli et al., 2004; Parsons et al., 2006; Sellas et al., 2005). A radio-tagged female 

bottlenose dolphin moved at least 581 km in 25 days at an average speed of 1.2km /hr. 

However, movements were restricted to Tampa Bay, the area where the animal was known to 

be resident (Mate et al., 1995). The most common pattern observed in terrestrial mammals is 

male-biased dispersal with female philopatry (Clutton-Brock 1989) which has also been 

observed in some cetacean populations (Møller and Beheregaray 2004; Rosel et al., 1999) 

where differences in dispersal have been associated with different reproductive strategies and 

competition for resources (Connor et al., 2000; Scott et al., 1990). However, no sex-biased 

dispersal was observed in bottlenose dolphins populations inhabiting the Mediterranean Sea 

(Natoli et al., 2005). 

 

1.4.3 Group size 

Dolphin groups function to allow social integration, changing in size and distribution 

depending on the conditions surrounding the group. Conditions that tend towards group 

cohesion include protection, fright or rest; whereas patterns tending towards group dispersion 

involve alertness, aggression, feeding and lack of familiar or habitual association (Norris and 

Dohl 1980). Worldwide bottlenose dolphin populations present striking differences in the 

number of individuals per group, reflecting the versatility of the species throughout its range 

(for a review refer to Connor et al., 2000). It should be noted that some of the differences in 
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group size among regions might be due to the usage of different definitions of ‘group’ across 

studies (Connor et al., 2000).  

 

Usually, bottlenose dolphins are found in relatively small groups of 2 to 15 animals (Shane et 

al., 1986); differences in group sizes have been attributed to several factors including 

variations in habitat characteristics (e.g., exposed or protected habitat and water depth), 

behaviour (Bräger et al., 1994), reproductive strategies (as in Tursiops spp. from Shark Bay, 

Smolker et al., 1992) and predator avoidance strategies (Norris and Dohl 1980; Shane et al., 

1986; Würsig 1986).  

 

For example, in the shallow waters of Galveston Bay (Texas), group size range from 1 to 30 

individuals with an average of 4.4. In this region, group size is significantly larger when 

dolphins are socializing as opposed to foraging or travelling (Bräger et al., 1994). Additionally, 

significantly larger groups were observed in deep-water passes in the offshore Gulf of Mexico 

than in shallower coastal waters near Sarasota Bay (Shane et al., 1986). Würsig (1978) noted 

that group size averaged 15 individuals close to shore in Golfo San José (Argentina), whereas 

it was 20 individuals farther from shore. Bearzi (2005) found a similar pattern in Santa Mónica 

Bay with groups composed of 8.8 individuals nearshore and 15 dolphins offshore. 

 

In contrast to protected and shallow habitats, group sizes of bottlenose dolphins inhabiting the 

open waters of California are generally large, ranging from 2 to 90 with an average of 19.8 

individuals (Defran and Weller 1999). Larger group sizes in open or oceanic habitats have 

been associated with predation avoidance and/or to enhance foraging strategies (Norris and 

Dohl 1980; Würsig 1978). For example, it was suggested that the relatively large groups found 

along the coast of California may be a response to a generally patchy distribution of primary 

prey species within this region. Therefore, variations in group size may serve as a 

sociobiological adaptation to exploit variable and unstable food resources, such as schooling 

fish (Defran and Weller 1999). Larger groups of dolphins may combine their sensory 

capabilities (i.e., echolocation) to increase the probability of locating these patchy food sources 

and cooperatively herd prey (Norris and Dohl 1980). Furthermore, the group offers protection 

from predators (Shane et al., 1986). In contrast, shallow, coastal waters often provide relatively 

predictable, more evenly distributed food resources associated with reefs or sea-grass flats that 

do not require herding of prey while the physical habitat may provide protection from predators 

(Shane et al., 1986).  
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In the Bay of Islands, groups average 15 individuals (Constantine 2002). Similar group sizes 

were observed in the coastal waters of Golfo San José (Argentina. Mean = 14.9, Würsig 

1978), the small embayment of Kino Bay in the Gulf of California (Mean = 15, Ballance 

1990) and the Sado Estuary off Portugal (Mean = 13.7. Table 1-4, dos Santos and Lacerda 

1987). 

 

Table 1-4. Summary of studies conducted on T. truncatus that are discussed in this thesis including group 

size, characteristics of the habitat, photo-ID catalogue size (photo-ID CS) for adults only unless stated 

otherwise, residency pattern and site fidelity. Abbreviations: Insh.=inshore, offs.=offshore, A= adults, 

C= calves, obs= observed, sight=sighting, incl= including, n/a= not available, NZ= New Zealand, 

UK= United Kingdom, WNA= Western North Atlantic, N= abundance estimate. 

 Location Habitat Photo-ID 

CS 

Group size: 

mean (range) 

Social structure Residency Site fidelity 

Bay of Islands 
(NZ)1, 2  

Open 
embayment 
(240 km2) 

378 14.6 (2-50) Long and short 
term. Inter and 
intra-sexual with 
preferred and 
avoided groups 

Variable 
30% sighted once 
49% obs 2-7 sight 
21% obs ≥ 8 sight 

Variable 
 

Marlborough 
Sounds (NZ)3 

Sounds 
(~890 km2) 

335 12 (3-172) Long and short 
term with 
preferred and 
avoided groups 

Semi-resident 
30% sighted once 
41% obs 2-7 sight 
29% obs ≥ 7 sight 

Variable 
 

Doubtful 
Sound (NZ)4,5 

Deep fiords 
(85km2 
200m mean 
depth) 

108 incl. 
C 

26.7 (2-60) Long-term. Inter 
and intra-sexual 
network of 
associates 

High 
10% sighted once 
9% obs 2-3 sight 
81% obs ≥ 4 sight 

Long-term 

Gulf of 
Guayaquil 
(Ecuador)6 

Estuary (715 
km2) 

441 A+C=25.4 
A=2.3 

Female bands 
Inter and intra-
sexual 

3 resident (~115 
individuals) and 2 
transient  

Variable 
 

Hawai’i7 Insular 
(3,000 km2) 

336 Median 5 (1-
40) 

n/a 35% observed ≥ 2 
sightings 

Long-term? 

Santa Mónica 
Bay 
(California, 
USA)8 

Open 
embayment 
(460 km2; 
mean depth 
55m) 

290 Insh.=8.8 (1-
35) 
Offs=15 (1-
57) 

n/a n/a Some 
degree? 

San Diego, 
(California, 
USA)9 

Open coast 
(10-30m 
depth) 

373 19.8 (2-90) n/a No 
24% sighted once 
66% observed < 6 
sightings 

Low 

Kino Bay 
(Gulf of 
California, 
Mexico)10 

Shallow 
embayment 
(71.5km2; 1-
12m deep) 

155 15 (1-125) Stable subgroup 
with casual 
acquaintances but 
some not part of 
stable subgroup 

Variable. 
61% observed ≥ 1 
sighting 

Variable 
 

Pa
ci

fic
 O

ce
an

 

Isla del Coco 
(Costa 
Rica)11,12 

Insular 765 9.8 (1-31) n/a No  
Most dolphins only 
sighted once 

n/a 

 Virginia 
(USA)24,25 

Open coast N= 340  14.4 (1-156) n/a Coastal migrations; 
seasonal residency? 

n/a 
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Sono River 
Estuary 
(South 
Carolina, 
USA)26 

Estuary (study 
area= 21 
km2) 

112 n/a n/a 32% sighted once 
42% sighted ≥ 5. 
Overall residents 
19% of total 

n/a 

Cape 
Hatteras to 
Nova Scotia 
(USA)27 

Open coast 
to shelf edge 

n/a 15.4 (1-350) n/a n/a n/a 

Louisiana 
(USA)13 

Coastal or 
enclosed with 
many islands  

n/a 22.4 (4-82) n/a n/a n/a 

Mississippi 
(USA)13 

Estuarine n/a 25.4 (1-175) n/a n/a n/a 

Mississippi 
(USA)14 

Marshland 
and sounds 
(446 km2) 

515 6.5 (1-50) n/a 65.2% sighted once Long-term 

Tampa Bay to 
Stump Pass 
(Florida, 
USA)15 

Estuarine 
coastline 
(100km) 

609 n/a n/a 39% sighted once 
61% obs 2-14 
sightings 

Long-term 

 W
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Tampa Bay 
(Florida,USA)
16 

Enclosed 
shallow bay 

399 5 (1-40) n/a Variable. Evidence 
of transiency 

n/a 

Galveston 
(Texas, 
USA)17,18,19 

Estuary (420 
km2; study 
area 100 
km2) 

20 Travel/feed=
3.8 
Socialize=7 
Overall=4.4 
(1-30) 

Fluid fission-
fusion; only few 
high level 
associations 

Variable. Year round 
and seasonal 

Long-term 

Sanibel 
Island 
(Florida, 
USA)19,20 

Open bays 
with seagrass 
beds (140 
km2 study 
area) 

126 Travel/feed=
2.4 
Socialize= 
7.4 

n/a Year round and 
seasonal 

n/a 

G
ul

f o
f M

ex
ic

o 

Sarasota Bay 
(Florida, 
USA)21 

Enclosed 
shallow bay 
(125km2) 

Sarasota 
& Florida 
= 466 

7 (1-39) Fluid fission-
fusion. 
Communities 
segregated by age 
and sex  

High 
49% obs ≥ 5 
sightings 

Long-term 

Bahamas 
(USA)22 

Insular (280 
km2) 

211 n/a Sex-segregated. 
Long-term assoc. 

n/a Long-term Cari-

ibbean 
Truneffe 
Atoll, 
(Belize))23 

Atoll 66 3.8 (3-5) n/a 30% resident 
20% transient 

n/a 

Moray Firth 
(UK)28,29 

Embayment 
Inner: 
sheltered 
Outer: open 

85-98 6.45 (1-46) Females =loose 
network. No male 
alliances, but 
inter- and intra-
sexual 
associations 

yes Long-term 
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n 
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ic
 

Sado Estuary 
(Portugal)30 

Enclosed 
estuary 
(<40m deep) 

26 13.7 (1-40) n/a 7 residents over 5 
year period 

Possibly 
long-term 

South 

Atlantic 

Golfo San 
José 
(Argentina)31,3

2 

Open coast 53 14.9 (8-22) Fluid fission-fusion Variable Long-term 

Med. 

Sea 

Amvrakikos 
Gulf 
(Greece)33 

Semi-
enclosed, 
eutrophic 
(400km2) 

106 n/a n/a yes Long-term 
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Eastern 
Ionian Sea 
(Greece)34 

Coastal 
(480km2; 50-
150 m depth) 

48 6.8 (1-24) n/a < 15 residents Variable 
 

Northern 
Adriatic Sea 
(Greece)35 

Sheltered 
coastal 
habitat 
(800km2) 

106 6.75 (1-65) Inter- and intra-
sexual 
associations 

yes Variable 
 

 

1,2(Constantine 2002; Mourão 2006) 3(Merriman 2007) 4,5(Lusseau et al., 2003; Schneider 1999), 
6(Felix 1997), 7(Baird et al., 2001), 8(Bearzi 2005), 9(Defran and Weller 1999), 10(Ballance 1992), 
11,12(Acevedo-Gutierrez 1999; Acevedo-Gutierrez and Parker 2000), 13(Leatherwood et al., 1978), 
14(Hubard et al., 2004), 15(Fazioli et al., 2006), 16(Weigle 1990), 17,18,19(Bräger et al., 1994; Irwin and 
Würsig 2004; Shane 1990b), 20(Shane 1990a; Shane 1990b), 21(Wells et al., 1987), 22(Rossbach and 
Herzing 1999), 23(Campbell et al., 2002), 24,25(Barco et al., 1999; Blaylock 1988) 26(Zolman 2002), 
27(Kenney 1990), 28,29(Wilson 1995; Wilson et al., 1999), 30(dos Santos and Lacerda 1987),  31,32(Würsig 
1978; Würsig and Harris 1990), 33(Bearzi et al., 2008a), 34(Bearzi et al., 2005), 35(Bearzi et al., 1997). 
 

1.4.4 Cognition 

Whales and dolphins have large brains; second only to humans when compared to body size 

(Marino 1998). It is accepted that the large brains of cetaceans evolved to support complex 

cognitive abilities (Marino et al., 2008; Marino et al., 2007). Tursiops dolphins are capable of 

extensive and rich vocal and behavioural mimicry, which is one of the highest forms of social 

learning (Marino et al., 2007). To date, wild bottlenose dolphins (Tursiops spp. Shark Bay) are 

the only mammal that showed cognitive abilities known only to humans and great apes, 

including two-level alliance formation and tool usage through cultural transmission (Connor et 

al., 1992; Krützen et al., 2005; Smolker et al., 1997). Furthermore, laboratory studies 

documented various dimensions of Tursiops intellectual capabilities including understanding of 

symbolic representation of objects and events, understanding how things work or how to 

manipulate them, understanding of activities, behaviours of others (social knowledge) and 

understanding of an individual’s own body parts, image and behaviour (Herman 2006). The 

opportunistic feeding habits, high flexibility in foraging strategies, social organization and 

adaptation to different environmental conditions observed throughout Tursiops populations 

worldwide reflects without doubt their complex cognitive abilities. 

 

1.4.5 Social organization 

Tursiops populations worldwide have been described as fission–fusion societies (Connor et al., 

2000) in which individuals associate in groups changing their composition on a fluid basis, 

with associations lasting minutes to years (Smolker et al., 1992). Grouping patterns within this 

flexible system likely reflect availability of resources, predator pressure or sex-specific 

reproductive strategies (Connor et al., 2000). For instance, in Sarasota Bay, females live in 

bands associating mostly with other females of the same reproductive state and age, while 

immature animals from either sex tend to associate with other immature individuals more 



Chapter 1: General Introduction 

27 

frequently than with adults of either sex. Adult males tend to associate more frequently with 

receptive females than with individuals of any other age-classes (Wells 1991). Female 

reproductive strategies are likely centred on calf protection from either predators or 

conspecifics, and access to food (Mann et al., 2000). In contrast, male reproductive strategies 

clearly focus on gaining and maintaining access to reproductive females. In some populations, 

males form strong alliances that last for many years (Connor et al., 2000; Parsons et al., 

2003). In Shark Bay, a population of Tursiops spp., shows alliances of two to three dolphins; 

these groups team-up in second-order alliances to consort females and/or attack other 

alliances. Additionally, some males form super-alliances of approximately 14 individuals to 

attack first and second-order alliances (Connor et al., 1992). In contrast, long-term 

associations between males were not detected in the Moray Firth (T. truncatus, Wilson 1995). 

In some T. truncatus populations, kinship seems to play an important role in the formation of 

alliances among males (Parsons et al., 2003); usually pairs of males tend to spend more time 

associating with conspecifics to whom they are more closely related and this relationship 

increases their reproductive success (as in Tursiops spp. from Shark Bay, Krützen 2002). In 

contrast, kinship did not seem to influence associations among males in a Tursiops sp. 

population off South Australia (Møller et al., 2001).  

 

In the Bay of Islands, social affiliations resemble those resident populations reported in 

enclosed habitats, such as Doubtful Sound (Fiordland) and Sarasota Bay (USA, Lusseau et al., 

2003; Shane 1980; Wells 1991). Social affiliations in the Bay of Islands are characterised by a 

pattern of fission-fusion group structure with significant long-term associations between pairs or 

trios sighted for up to ten years (Mourão 2006). There are two levels of associations including 

a short-term casual acquaintance and a constant long-term companion, with preferred and 

avoided groups including intra- and inter-sexual associations (Mourão 2006). The potential 

influence of kinship in associations among individuals in this subpopulation is unknown. To 

date, no evidence of male alliances as those reported in Shark Bay have been observed in the 

Bay of Islands. 

 

1.4.6 Threats 

1.4.6.1 Predators 

Sharks are amongst the most important natural predators of bottlenose dolphins. Shark species 

known to prey upon bottlenose dolphins include the tiger (Galeocerdo cuvier), great white 

(Carcharodon carcharias), bull (Carcharinus leucas) and dusky (Carcharinus obscurus) sharks 
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(Cockcroft and Ross 1990; Wells and Scott 1999). Additionally, killer whales (Orcinus orca) 

are also known to prey upon bottlenose dolphins (Lichter 1992; Visser 1999; Würsig and 

Würsig 1979). Two killer whale attack were observed in the Bay of Islands, resulting in injury 

(or potential death) to some dolphins (E. Reulfus personal communication, Constantine 2002). 

 

In areas where sharks are abundant, dolphins bear evidence of shark attacks. For example, in 

Moreton Bay (Eastern Australia) 37% of bottlenose dolphins bear scars of shark attacks 

whereas this is 22% of non-calves in Sarasota and 10% off South Africa (Corkeron et al., 

1989; Mead and Potter 1990; Wells et al., 1987). However, these values are underestimations 

because evidence of attack will heal with time or be non-existent in the case of fatalities. In the 

Bay of Islands, only a few scars from shark attacks were observed (Constantine 2002). 

 

1.4.6.2 Diseases and parasites 

There is a wide range of parasites that affect cetaceans both internally and externally including 

12 species of Trematoda (flukes), 5 species of Cestodea (tapeworms) 9 of Nematoda 

(roundworms) and 1 Acanthocephala (thorny-headed worms, Wells and Scott 1999). Among 

diseases, the most common diagnosed are bacterial pneumonia, peripheral arterial infarction, 

pox virus, osteomyelitis of tooth alveoli, erypselas, pasteurellosis, hepatitis, systematic mycosis, 

gastric ulcerations, enteritis, pancreatitis and hepatic degenerative disease (Wells and Scott 

1999). 

 

In recent years, the phenomenon of mass mortalities has acquired much attention. A mortality 

of 60% harbor seal (Phoca vitulina) populations in the North Sea occurred during 1988-89 

(Heide-Jørgensen et al., 1992) whereas several thousand Mediterranean striped dolphins 

(Stenella coeruleoalba) died in 1990 (Aguilar and Raga 1993). Both of these events were 

attributed to morbillivirus infections (Domingo et al., 1990; Mahy et al., 1988). Interestingly, a 

molecular study found that dolphins dying early in the outbreak were significantly more inbred 

than those dying later (Valsecchi et al., 2004). Furthermore, a study conducted on California 

sea lions (Zalophus californianus) using animals afflicted with a range of different pathogens 

found that sick animals had higher than normal parental relatedness. This result suggested that 

mortality in natural populations may not be entirely random and that inbred individuals could 

act as more effective reservoirs of infectious agents (Acevedo-Whitehouse et al., 2003). 
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During 1987-88 along the east coast of the Western North Atlantic, a die-off affected the 

coastal migratory stock of bottlenose dolphins and half of the stock died within 11 months 

(Scott et al., 1988 in Wells and Scott 1999). An initial hypothesis suggested the mass-mortality 

was caused by poisoning with a dinoflagellate algae (Gymnodium brevis, Geraci 1989). High 

levels of environmental contaminants such as PCB’s and DDE were also found in the dolphins’ 

tissue (Wells and Scott 1999). However, further analyses indicated that the large-scale 

mortalities were caused by morbillivirus infections and that these can be recurrent epizootic 

events (Wells and Scott 1999). 

 

Brucellosis (undulant or Mediterranean fever) is a worldwide zoonotic disease caused by gram 

negative bacteria of the genus Brucella that usually infects animals. Bottlenose dolphins 

infected with Brucella have been known to abort their foetuses as a result of the infection (Miller 

et al., 1999). Furthermore, infected placenta and vaginal/uterine fluids may transmit Brucella 

to other cetaceans. Analyses of blood samples collected from an adult female Hector’s dolphin 

(Cephalorhynchus hectori) in Akaroa Peninsula (South Island, New Zealand) indicated it was 

infected with Brucella (Duignan 2004). 

 

1.4.6.3 Anthropogenic impacts 

Bottlenose dolphin inhabiting coastal regions may be threatened by human activities. Indeed 

concerns over the status of local populations have often resulted in research projects on wild 

populations (Scott et al., 1990). Probably the most obvious threat results from directed fisheries 

for dolphin products (i.e., oil, meat, teeth and for fish bait) or to use the animals in captive 

facilities. Direct takes still occur in many places around the world including Peru, southern 

Chile, Sri Lanka, Japan and the Solomon Islands (Leatherwood and Reeves 1982). 

 

Incidental captures (by-catch) of dolphins are widespread and mostly undocumented 

representing a serious problem for coastal species (Perrin et al., 1994). For example, some 

Tursiops are caught alongside greater numbers of other species in the Eastern Tropical Pacific 

and incidental takes have occurred along the coast of Australia by the Taiwanese gill-net fleet 

(Perrin et al., 1994). Furthermore, dolphins have been killed by fishermen to prevent damage 

to their fishing gear, theft of the catch or bait by the dolphins or due to the perception that 

dolphins are competing with them for fish (Bearzi et al., 2008b; Bearzi et al., 2004). In New 

Zealand the Marine Mammals Protection Act (MMPA, Donoghue 1996) regulates human 

interactions with cetaceans and penalizes unauthorized takes. However, 5 bottlenose dolphin 
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carcasses recovered in the North Island during 1998-2007, presented evidences of by-catch 

including two animals that had their tail stock cut off (A. Van Helden, DoC stranding database; 

Appendix 8.16). 

 

Live-capture fisheries for dolphins for public display, research and military purposes have been 

widespread and usually target Tursiops due to their adaptability to captive conditions (Brownell 

and Reeves 2008; Klinowska 1991). However in New Zealand, no live-captures of dolphins 

have occurred since 1974. The last dolphin kept in captivity was a common dolphin (Delphinus 

sp.) that died in 2008 at Marineland; the only facility in New Zealand that kept captive 

cetaceans (http://www.marineland.co.nz/history.php). 

 

Dolphin-watching activities are an increasing component of the coastal tourism sector (Hoyt 

2001). However, concerns have been raised about the potential negative impact of dolphin-

watching activities on the targeted populations (e.g., Baker and Herman 1989; Bejder et al., 

2006b; Constantine et al., 2004; Lusseau 2003a; Lusseau 2004a; Nowacek et al., 2001). 

Studies evaluating dolphin’s reactions to tour-boat operators showed an increase in dive 

intervals, increases in erratic movements, changes in acoustic behaviour, displacement and 

reduction in relative abundance when the number of tour-boats increased (Bejder et al., 

2006b; Lusseau 2003b; Nowacek et al., 2001). These short-term reactions can lead to longer 

term impacts such as area avoidance (Lusseau 2005) or alteration of the population’s 

behavioural budget (Lusseau 2004a; Stockin et al., 2008); which can negatively impact the 

energetic and reproductive output of individuals and the population. The effects of dolphin-

tourism activities in bottlenose dolphins have been thoroughly studied in New Zealand, mainly 

focusing in the Bay of Islands and Doubtful Sound. In both regions there was evidence of short-

term adverse behavioural responses and studies highlighted the need for adequate monitoring 

and management of the impact (Constantine 2001; Constantine et al., 2004; Lusseau 2003a; 

Lusseau et al., 2006c). 

 

Less clear and perhaps more worrying are the threats to wild populations through habitat 

degradation, pollution and prey depletion. Environmental degradation may take the form of 

complete habitat loss or the removal of the animal’s resources, such as the prey required by 

them. If these changes are extreme, they may deplete the population or force the animals to 

leave; if more subtle, they may produce stress making them more vulnerable to diseases and 

pollution. 
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Bottlenose dolphins are long-lived top predators and are particularly susceptible to bio-

accumulatory contaminants such as organochlorines. These fat-soluble toxins may be stored in 

blubber and mobilized during periods of stress (Morris et al., 1989) or transmitted vertically 

from mother to calf during lactation. For instance, first-born calves received 80% of their 

mother’s body burden of contaminant residues (Cockcroft et al., 1989), perhaps leading to 

increased neonatal mortality. Accumulation of contaminants in the tissue of males have 

reached levels that theoretically could impair testosterone production, and thus reduce 

reproductive ability (Wells and Scott 1999). Low levels of PCBs and DDT were found in 

Sarasota Bay dolphins but these were significant enough to cause a decline in the immune 

system function (Lahvis et al., 1995). 

 

A wide range of organochlorine pesticides have historically been used in New Zealand 

(Buckland et al., 1998). A study conducted in Hector's dolphins revealed that concentrations of 

organochlorines resulting from bioaccumulation were close to levels suspected to cause 

adverse effects in other animal species (Buckland et al., 1998). Similarly, high values of 

organochlorines were reported in common dolphins (Delphinus sp.) using the Hauraki Gulf 

area (Stockin et al., 2007). 

 

1.5 Bottlenose dolphins in New Zealand 

1.5.1 Distribution  

Three main populations of bottlenose dolphins have been described in New Zealand along the 

North-eastern coast of the North Island (Constantine 2002), Marlborough Sounds (Bräger and 

Schneider 1998; Merriman 2007) and Fiordland in ther South Island (Figure 1-4, Boisseau 

2003; Williams et al., 1993). The North-eastern North Island population ranges from Cape 

Reinga to Tauranga (Constantine 2002). Although, live sightings occurred extending this range 

into the Manukau harbour on the west coast and possibly Gisborne on the east coast (R. 

Constantine personal communication; DoC Gisborne personal communication). The 

Marlborough Sounds population occurs from Wesport to Cloudy Bay (Bräger and Schneider 

1998; Merriman 2007) whereas the Fiordland population occurs from Jackson Bay to 

Preservation Inlet (Beth Masser Doc Te Anau, personal communication, Boisseau 2003; Bräger 

and Schneider 1998). Fiordland seems to be further subdivided into several communities 

including Milford, Doubtful and Dusky Sounds (Boisseau 2003). The level of isolation or 

interchange among these communities is unknown. 
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Strandings outside the known reported range for these populations have occurred in New 

Plymouth (one beach-cast specimen) and Waitarere (one beach-cast specimen) whereas in the 

South Island sporadic live sightings of bottlenose dolphins occurred off Kaikoura, Akaroa 

Peninsula (Denise Burmman, personal communication) and Stewart Island (DoC Te Anau, 

personal communication). It is unknown whether these groups of dolphins belong to one of the 

New Zealand coastal populations or if they represent transient individuals from a pelagic 

population. 

 

 
Figure 1-4. Presumed distribution and range of the three New Zealand bottlenose dolphins’ populations 

(shaded) based on live sightings. The population in the north-eastern coast of the North Island occurs 

from Doubtless Bay to Tauranga (Constantine 2002), although live sightings have been reported in 

Gisborne and the Manukau harbour (Map adapted from Te Ara: www.teara.govt.nz). 
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1.5.2 The North Island population 

The north-eastern population has been intensively studied in the Bay of Islands. The Bay of 

Islands is part of the dolphins’ home range. Regular sightings of individuals, high occurrence 

year-round and the presence of a dolphin-related tourism industry makes the place suitable for 

long-term studies (Constantine 1995; Constantine 2002; Mourão 2006; Ryding 2001).  

 

C. Scott Baker conducted the first photo-identification surveys in the Bay of Islands in 1993; 

soon after, R. Constantine (1995) started a project monitoring the dolphin’s behavioural 

responses to permitted tour-boat operators, which included an individual identification 

catalogue for the area. Results from this work highlighted the need for further research and a 

project investigating the dynamics, abundance, habitat usage and dolphins interactions with 

tour-boats in the Bay of Islands followed suit (Constantine 2002). Since then, the life histories 

of approximately 408 bottlenose dolphins have been recorded and different aspects of their 

biology investigated (Berghan 2002; Constantine et al., 2004; Mourão 2006; Ryding 2001; 

Tezanos-Pinto et al., 2009).  

 

Constantine (2002) explored the dynamics of the population through analyses of group size, 

composition and calf mortality. Results of her investigations revealed that dolphins were 

typically encountered in groups of 15 individuals; which is consistent with other studies 

conducted at similar latitudes (Constantine 2002). Analyses of resighting rates of photo-

identified individuals indicated that there are no resident dolphins in the Bay of Islands but 

rather a very dynamic population with varying degrees of habitat use and site fidelity 

(Constantine 2002). The north-eastern North Island population was estimated at 446 adults 

(CI = 418 - 487) using closed mark-recapture methods. However, dolphins have differing 

home ranges evidenced by variable re-sighting rates among individuals (30% of dolphins only 

sighted once per lunar month; Constantine 2002). A study evaluating the impact of dolphin-

related tourism activities on the dolphin’s behaviour showed decreased resting in the presence 

of tour-boats. Additionally, dolphins showed avoidance responses to swimming attempts 

depending on the type of swimmer placement in relation to the location of the dolphin group 

(Constantine 2001; Constantine et al., 2004). 

 

Constantine conducted 13 surveys outside the Bay of Islands, to investigate distribution and 

ranging patterns of the population; two surveys resulted in three encounters with bottlenose 

dolphins (Constantine 2002). Photographs provided by collaborators outside the Bay of 

Islands, resulted in the matching of 62 individual dolphins to the Bay of Islands catalogue. 
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From these results, she concluded that bottlenose dolphins found along the north-eastern 

coastline of New Zealand form a geographically closed population and that the majority of 

dolphins used the Bay of Islands as part of their home range. Recent comparison between 

individual identification catalogues from the Bay of Islands to the Hauraki Gulf (240 km further 

south), showed that only 59% of the catalogued individuals in the Hauraki Gulf (n=162) 

matched to the Bay of Islands (Berghan et al., 2008). This may indicate a larger population 

size than originally assumed by Constantine (2002) and/or the possibility that individuals have 

differing home-ranges while overlapping between at least two preferred sites along the 

coastline (Berghan et al., 2008). 

 

Social affiliations in the Bay of Islands are described as a fission-fusion pattern of group 

structure characterized by significant long-term associations between pairs or trios sighted for 

up to ten years (Mourão 2006) with no apparent male alliances such as those described in 

Tursiops spp. from Shark Bay (Connor et al., 1992). There are two levels of intra- and inter-

sexual associations including a short-term casual acquaintance and a constant long-term 

companion, with preferred and avoided groups (Mourão 2006).  

 

1.5.2.1 Primary study area: the Bay of Islands 

The primary research area for the study on New Zealand bottlenose dolphins was the Bay of 

Islands (35.14 S, 174.06 E; Figure 1-5) in Northland, New Zealand. The Bay is an open 

embayment covering an area of approximately 244 km2 that contains several large estuaries 

including varying hydrological conditions ranging from estuarine to oceanic (Booth 1974). The 

mouth of the Bay of Islands stretches 15 km wide from Tikitiki Island (Ninepin) to Cape Brett. 

The outter side of the Bay of Islands includes areas where water depth averages 50 m but it 

reaches 85 m depth at the seaward limit (Booth 1974).  

 

There are around 144 islands and four inlets (Te Puna, Kerikeri, Waikare and Te Rawhiti, 

Owens 1993); the main freshwater inflows are from the Kerikeri, Waitangi, Kawakawa and 

Waikare rivers (Booth 1974). The eastern side (inner bay) encompasses most of the islands, 

intricate inlets and bays averaging water depths of around 12 m. The estuarine areas in Te 

Puna, Waikare and Kerikeri inlets, including some of the bays have been used for oyster 

cultivation for the last 20 years (Tony Beauchamp, DoC personal communication). 
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Tides are semi-diurnal with a mean of 1.7 m and tidal streams are usually weak, except at the 

constricted mouths (Booth 1974). Winds are predominantly from the southwest; although 

during summer and autumn winds from the east are equally frequent (De Lisle and Kerr 1964). 

Salinity is around 35.5%, even at the river mouths (Booth 1974) while turbidity values are 

usually lower (Secchi disc visibility 2-6m) at the river mouth than in outer areas (Secchi disc 

visibility > 12m; Booth 1974). 

 

Along the Northland coast, sea surface temperature ranges from 13.5° C in winter to 21° C in 

summer with a yearly average of 17° C (data courtesy of Leigh Marine laboratory, Appendix 

8.1). However, the subtropical east Auckland current increases surface sea temperature (SST) 

during summer months (Owens 1993). The east Auckland current varies constantly in volume, 

width, depth and temperature. It is rich in zoo and phytoplankton bringing pelagic fish species 

such as kahawai (Arripis trutta), yellowfin tuna (Thunnus albacares), marlin (Tetrapturus audax, 

Makaira sp.), mako (Isurus oxyrinchus), mahi mahi (Coryphaena hippurus), flying fish 

(Cypselurus lineatus) and others closer to shore (Constantine 2002; Owens 1993). Pelagic 

species of cetaceans are occasionally sighted nearshore during this time and include travelling 

groups of false killer whales (Pseudorca crassidens) and possibly pelagic groups of bottlenose 

dolphins (Constantine 2002).  

 

The Bay of Islands is a tourism attraction and holiday destination (Owens 1993). Since 1991 

the Department of Conservation has granted permits to allow tourism companies to view 

and/or swim with the dolphins (Constantine 2002). At present, there are 4 dolphin tour boat 

companies running a total of 11 trips a day to watch and/or swim with the dolphins (E. Reulfus, 

personal communication) 
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Figure 1-5. Bay of Islands including inner and outter bay, four inlets and major towns. 

 

1.5.3 The Marlborough Sounds population 

The Marlborough Sounds presents an intermediate habitat for bottlenose dolphins when 

compared to the Bay of Islands and Doubtful Sound. The Sounds are cooler, deeper and more 

protected than the Bay of Islands whereas they are warmer, more exposed and provide a larger 

area than Doubtful Sound (Merriman 2007). 

 

An open population of approximately 211 individuals (CI=195-232) has been estimated in the 

Marlborough Sounds year round ranging over an area greater than 890 km2 (Merriman 2007). 

Bottlenose dolphins are sighted in all areas throughout the Sounds and long-term site fidelity 

has been detected for some individuals. However, dolphins have variable resighting rates 

resulting in differential habitat usage with some dolphins sighted more often than expected (i.e. 

frequent users ≥ 7 sightings/month = 29%), others on occasional basis (3-6 sightings/month 

= 32%) and some are sighted infrequently (1-2 sightings/month = 39%, Merriman 2007). 

Group size ranges from 3 to 172 individuals with a median of 12 and similarly with studies 

conducted in other regions, groups containing calves are larger. Calving seems to be seasonal 

occurring mainly during summer-autumn. Association patterns are characterised by a fission - 

fusion pattern of pod structure with long-term associations and short-term casual 

acquaintances including preferred and avoided groups (Merriman 2007).  
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1.5.4 The Fiordland population 

Fiordland is a large region composed of 14 fiords that extends from Milford Sound in the North 

to Preservation Inlet in the South. A distinguishing oceanographic feature is the presence of a 

low-salinity layer on top of the marine stratum; which is caused by reduced water exchange 

with the ocean due to bathymetric conditions and abundant rainfall (Gibbs 2001). 

 

Fiordland bottlenose dolphins are thought to be the most southernmost resident coastal 

population (Bräger and Schneider 1998). It seems that different bottlenose dolphins 

communities inhabit the region, Doubtful and Milford Sound being the most studied ones (For 

a review refer to Boisseau 2003). However, little is known of the dolphins inhabiting Dusky 

Sound and the other fiords. For example, the level of movement and demographic or genetic 

interchange within regions is unknown. This population is a key resource for the tourism 

industry in the region, particularly in Milford and Doubtful Sound where extensive research has 

been conducted to asses the impact of these activities on the dolphin’s behaviour (Lusseau 

2002; 2003a; 2004a; 2005; 2006; Lusseau et al., 2006c). 

1.5.4.1 Milford Sound 

Dolphins in Milford Sound do not seem to be resident; however sightings are recorded year 

round (Lusseau and Slooten 2002). The range of this community, movements between regions 

and abundance are still uncertain. An individual photo-identification catalogue containing 

approximately 47 unique individuals from Milford Sound has been compared to photographs 

collected in Jackson Bay (Figure 1-4). Overall, 16 out of 29 individuals were successfully 

matched; indicating demographic exchange between regions and further extending the 

boundaries of the Milford Sound community at least to Jackson Bay (Boisseau 2003; Russell et 

al., 2004). It is possible that fine-scale population structuring exists among communities with 

dolphins having overlapping home-ranges along the region over preferred sites; as observed in 

other Tursiops populations (Krützen et al., 2004; Sellas et al., 2005). 

 

Bottlenose dolphins groups in Mildford Sound have on average 16.4 individuals (Lusseau and 

Slooten 2002). It seems that dolphins are sighted more often during the colder season when 

boat traffic decreases (Boisseau 2003; Lusseau 2005). Apparently, groups of dolphins spent 

less time in Milford Sound during seasons of intense boat traffic. Additionally, when dolphins 

are present  during high tourism season, they tended to stay at the entrance of the fiord where 

boat traffic is less intense (Lusseau 2005).  
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1.5.4.2 Doubtful Sound 

Doubtful Sound dolphins are found in relatively large groups ranging from 2 to 60 individuals 

with an average of 17.2 individuals. Seasonal movements occur with groups commonly found 

in the outter areas in winter and in the inner areas in summer where sea water temperatures 

are higher (Schneider 1999). Calving is seasonal with most births occurring during austral 

summer. Birth rates are higher than those observed in other regions (0.056 for 1994-97 and 

0.138 for 1999). During 1994-2001, 80% of calves born per year were estimated to survive to 

adulthood (Haase and Schneider 2001) but this value decreased to only 38% during 2002-08 

as a result of anthropogenic impact (Currey et al., 2009b). The social structure of this 

community is characterised by long-lasting associations where all members within the 

community are relatively closely associated. Both inter- and intra-sexual associations of 

preferred companions are present (Lusseau et al., 2003).  

 

Williams et al., (1993) estimated the size of this population at approximately 58 adults 

(CV=2.8%) based on 55 day surveys over three seasons. Schneider (1999) conducted a more 

comprehensive study and estimated 67 adults (CV=1.9%) during winter 1997. He attributed 

this increase of abundance to immigration from other fiords, heterogeneity and/or potential 

differences in effort. Gormley (2002) estimated trends in abundance over time and estimated 

49 adults (CV=0.7%) for summer 2000/01. The most recent abundance suggests there are 56 

individuals (CV=1%) in the community with an apparent decline of 34-39% of adults and 

subadults (Currey et al., 2007).  

 

1.6 Why investigate the molecular ecology and demography 

of the New Zealand bottlenose dolphin? 

Bottlenose dolphins in the North Island of New Zealand present a unique opportunity to 

investigate the population dynamics and ecological plasticity of this species. Along the north-

eastern coast the population is exposed to a wide range of habitats including open-waters, 

estuaries, rivers, mangroves, reefs and shallow embayments. Previous demographic studies 

revealed similarities to populations inhabiting open-waters in coastal areas (Constantine 

2002). In contrast, results from social affiliation analyses suggested similarities to those 

bottlenose dolphins populations that displayed residency to an area and usually occupied 

enclosed habitats (Mourão 2006). A long-term database provides valuable data to explore the 

dynamics of a population over time including investigation of life history and reproductive 

parameters.  
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It is crucial to understand the reproductive parameters of a population to formulate adequate 

management and conservation policies. In particular, the knowledge of female reproductive 

biology provides insights of the likelihood of a population survival and vulnerability (Wasser 

and Waterhouse 1983). The combination of demographic and molecular methods allows 

investigation over different time-scales, providing a better framework to understand the 

ecological and evolutionary forces affecting the survival and predicting the long-term 

persistence of a population. 

 

Long-term databases are needed to effectively estimate reproductive parameters of long-lived 

mammals, such as the bottlenose dolphin. In the coastal waters of the North Island of New 

Zealand, bottlenose dolphins have been studied through photo-identification since 1994. The 

duration of this research allows investigation of life history  and demographic parameters to 

predict trends over time further allowing comparisons to longer-term studies conducted in other 

regions, such as Sarasota Bay, the Moray Firth and Doubtful Sound (Connor et al., 2000; 

Wells and Scott 1990; Wilson et al., 1997). 

 

Monitoring the abundance of a population and of any trend over time provides information for 

management plans allowing detection of potential anthropogenic or environmental impacts. 

Furthermore, knowledge of the pattern of habitat usage over time and population dynamics 

combined with abundance estimates provides a more comprehensive framework for 

management plans; particularly in utilised populations such as bottlenose dolphins in the Bay 

of Islands. 

 

Compared with other dolphin populations in New Zealand, such as the dusky dolphin 

(Lagenorhynchus obscurus, Harlin et al., 2003), bottlenose dolphins have relatively lower 

abundance, seem to be isolated and have low reproductive rates (Haase and Schneider 2001; 

Tezanos-Pinto et al., 2009). This is of concern considering that small isolated populations are 

particularly vulnerable to four main genetic effects correlated with an increased risk of 

extinction: loss of genetic variation, accumulation of mildly deleterious mutations, inbreeding 

and the inability to adapt to change (Frankham et al., 2002). Additionally, a small population 

is more likely to be affected by stochastic demographic events (e.g., biased sex ratio, random 

mortality events, survival and reproduction, Frankham et al., 2002) that may increase the threat 

of extinction. In small isolated populations, mating among relatives (i.e., inbreeding) is more 

likely to occur; with time every individual becomes related so that no mating between unrelated 

individuals are possible (Frankham 1998; Frankham et al., 2002). Recent studies have shown 
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that heterozygosity and other estimates of parental similarity often correlate with diverse 

measures of fitness, including birth weight (Coulson et al., 1998) juvenile survival (Coltman et 

al., 1998), parasite load (Coltman et al., 1999), reproductive success (Amos et al., 2001) and 

potential to recover from disease (Acevedo-Whitehouse et al., 2003). 

 

Photo-identification combined with molecular methods are powerful tools that provide a variety 

of information including sex and reproductive condition. The combination of these techniques 

allow testing hypotheses of social structure (T. truncatus: Duffield and Wells 1991; Parsons et 

al., 2003). In this thesis, I employed two of the most powerful approaches to study wild ranging 

cetaceans: molecular ecology (with biopsy samples) and individual photo-identification based 

on an extensive catalogue of dorsal fin photographs. 

 

1.7 Methods employed in this thesis 

1.7.1 Molecular ecology 

1.7.1.1 Collecting tissue samples from small cetaceans 

Collecting an adequate sample for genetic analysis has been a primary limiting factor in the 

study of wild-ranging cetaceans. This constraint has been largely overcome by the refinements 

in remote biopsy sampling. A remote biopsy system consists of a dart that is projected from a 

unit and has a tip where the skin sample is retained. The first efficient system was designed 

mainly for whales and was described by Lambertsen (1987) and Mathews et al., (1988). 

Several tips were designed and tested mainly in large whales and were projected from either 

airguns, crossbows or modified rifles (Barrett-Lennard et al., 1996; Kasamatsu et al., 1991; 

Lambertsen 1987; Larsen 1998; Palsbøll et al., 1991; Weinrich et al., 1991). Studies of biopsy 

reactions conducted on large whales indicated little behavioural effect or disturbance on the 

targeted animal (Brown et al., 1994; Clapham and Mattila 1993; Gauthier and Sears 1999; 

Hooker et al., 2001; Weinrich et al., 1991). 

 

In dolphins, short-term behavioural responses to biopsy sampling appear to be minor (Aguilar 

and Nadal 1984; Barrett-Lennard et al., 1996; Gorgone et al., 2008; Krützen et al., 2002; 

Weller et al., 1997) and so far, there are no evidences to suspect long-term detrimental effects 

on sampled individuals or populations (Hoelzel and Donovan 1991). However, a biopsy 

sample system that was designed to obtain tissue samples from killer whales (O. orca, Barrett-

Lennard et al., 1996) was implicated in the death of a common dolphin (Delphinus delphis, 
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Bearzi 2000). The death of the dolphin appeared to have been caused by the dart penetrating 

beyond the stop point causing vertebral trauma or stress (Bearzi 2000).  

 

A significant improvement in the safety and efficiency of biopsy sampling of small cetaceans 

was the system designed by Krützen and collaborators (Krützen et al., 2002). This system was 

specifically designed to sample small cetaceans and uses a modified veterinary gun to propel 

the dart. The advantage of using a rifle is that it is inherently more accurate, which is vital when 

sampling small dolphins that are frequently encountered in tight groups (Norris and Dohl 

1980). Furthermore, the system allows modification of the velocity at which the dart leaves the 

barrel depending on the distance to the dolphin and its size (Krützen et al., 2002). Biopsy 

sampling wounds are reported to heal quickly with no physiological complications (Krützen et 

al., 2002; Weller et al., 1997). Short-term behavioural responses were evaluated in bottlenose 

dolphins (Tursiops spp. and T. truncatus) using this system and no strong reactions were 

observed (Krützen et al., 2002). I employed the biopsy system designed by Krützen and 

collaborators (Krützen et al., 2002) to collect tissue samples from bottlenose dolphins around 

New Zealand (Chapter 2). I further evaluated individual and group behavioural responses to 

remote biopsy sampling in two populations of New Zealand. Results indicated no significant 

differences between populations and in most cases responses were instant and mild, with no 

evidence of long-term disturbance in habitat use (Appendix 8.5).  

 

1.7.1.2 Mitochondrial DNA (mtDNA) control region  

Sequence variation of mitochondrial DNA (mtDNA) has been an important tool for examining 

both evolutionary and intraspecific relationships (e.g., Avise 1989; Avise et al., 1987; Baker et 

al., 1993; Caballero et al., 2008; Hoelzel et al., 2002; Pichler et al., 2001; Wilson et al., 

1985). The mitochondrial DNA (mtDNA) represents the best-known part of the animal 

genome, it is universally distributed in the animal kingdom, is remarkably uniform in gene 

content and is transmitted apparently with no recombination through maternal inheritance 

(Wilson et al., 1985); which has resulted in widespread use in phylogenetic studies.  

 

Taxonomic comparisons involving groups (species or populations) that have diverged recently 

require a gene or region that evolves at a faster rate because there has been less time for 

nucleotide substitutions to accumulate. The mitochondrial DNA control region (mtDNA) is 

thought to be the most rapidly evolving part of the mitochondrial genome and considerably 

faster evolving than single copy nuclear genes (Brown et al., 1979; Taberlet 1996). It is 
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therefore widely used to examine intraspecific genetic variation in a variety of taxa (Taberlet 

1996) and has become a powerful tool to identify subpopulations and define genetic 

management units (e.g., Oremus et al., 2007; Parsons et al., 2002; Pichler et al., 1998; 

Torres et al., 2003) providing better resolution with less experimental effort (Taberlet 1996).  

 

The mitochondrial genome consists of a circular double-stranded DNA molecule about 15,000 

to 20,000 base pairs (bp) long that encodes 13 protein-coding genes, 22 transfer RNA (tRNA) 

genes, 2 ribosomal ARN (rARN) genes and a non-coding segment called the control region or 

D-Loop region (Wilson et al., 1985). In vertebrates, the mtDNA control region spans an 

average of 900-1000 bp between the t-Phe and t-Pro transfer RNA genes and contains the 

origin of replication for the heavy strand of the mitochondrial genome (Clayton 1982; Hoelzel 

et al., 1991). The control region is non-coding but potential open reading frames (ORFs) have 

been described for a number of species (Hoelzel et al., 1991) and it is the only region that 

exhibits length polymorphism as well as heteroplasmy (Bendall and Sykes 1995). 

1.7.1.3 Genetic diversity 

The conservation of genetic diversity is a fundamental concern in conservation and evolutionary 

biology as genetic variation is the raw material for evolutionary change by allowing 

populations to evolve and adapt to environmental fluctuations or diseases (Frankel and Soulé 

1981). In the short term, genetic variation maintains reproductive fitness (Frankham et al., 

2002). Consequently, the International Union for the Conservation of Nature (IUCN) has 

recognised genetic diversity as one of the three levels of diversity requiring conservation 

(McNeely et al., 1990). Detection of low values of genetic diversity in normally variable 

markers may suggest a population decline in abundance, either recently or historically 

(including founder effects and population bottlenecks). If both the current population 

abundance and genetic diversity are low then the population may be at risk of inbreeding 

(Frankham 1998). 

 

Inbred populations present decreased vigour manifested by reduced survival, reduced 

fecundity, skewed sex-ratios and increased susceptibility to disease and pathogens (Frankel and 

Soulé 1981; Frankham et al., 2002; O'Brien et al., 1985). The other genetic effect to be 

considered is genetic drift (the change of allele frequencies in a population due to random 

chance). In small populations genetic drift is likely to accelerate the loss of genetic diversity by 

facilitating the loss of low frequency alleles. It counterbalances the influence of natural 

selection by allowing accumulation of mildly deleterious mutations (Lynch et al., 1995). The risk 
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of extinction by mutation accumulation has been shown to be comparable to that of 

environmental stochastic events and is a serious concern for small isolated populations 

(Higgins and Lynch 2001). 

 

Genetic diversity can been measured for many different traits, including continuously varying 

(quantitative) characters, deleterious alleles, proteins, nuclear DNA loci, mitochondrial DNA 

(mtDNA), chloroplast DNA (cpDNA) and for chromosomes (Frankham et al., 2002). Typically, 

genetic diversity is described using average heterozygosity (Ho), haplotype (h) and nucleotide 

(π) diversity (Frankham et al., 2002; Nei 1987a). 

 

The level of genetic diversity found in a population at a diploid nuclear locus depends on male 

and female effective population size (Nem+f). The expected level of diversity at a neutral locus is 

calculated as δ = Nem+f µ; where µ is the mutation rate per generation. Heterozygosity (Ho) is 

typically used to measure genetic variation at nuclear loci. However, for haploid loci haplotype 

diversity (h) is used instead of heterozygosity, measuring the degree of variation among 

haplotypes within a population (Nei 1987b). Another measure of genetic diversity is nucleotide 

diversity (π); which is defined as the average number of nucleotide differences per site between 

any two DNA sequences from the population (Nei and Li 1979). The difference between 

haplotype and nucleotide diversity is that the latter gives an indication of how different each 

haplotype is with respect to another whereas haplotype diversity gives an indication of the 

frequency of different haplotypes in the population. 

 

1.7.1.4 Population structure 

Molecular ecologists are interested in detecting population structure in order to define 

evolutionary significant units (ESU's, Ryder 1986) and genetic management units (Moritz 1994). 

Population structure occurs when dispersal between local populations is sufficiently low, 

allowing genetic differentiation (Slatkin 1987). In contrast, continuous gene flow between two 

populations leads to a combination of the two gene pools, reducing genetic differentiation and 

counteracting the effects of genetic drift by maintaining a level of genetic diversity that more 

closely approximates the species-wide genetic diversity (Futuyma 1979). For this reason, there 

has been an increasing interest in understanding the patterns of dispersal and gene flow of 

endangered species (Frankham 2003). Some of the factors that can cause genetic structuring 

are the effects of distance, geographic barriers to dispersal, historical processes, mate 

preferences or behavioural specialization (Futuyma 1979; Hoelzel et al., 2002). Migration 
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rates are notoriously difficult to estimate by direct tracking of individuals. Additionally, 

immigrants may not breed in their new habitat. Consequently, gene flow rather than migration 

rate is usually estimated as it seems less affected by short-term disturbance and considered a 

long-term estimate of population dispersal (Frankham et al., 2002).  

 

Population structure is measured through statistics that detect gene flow (i.e., the transfer of 

alleles from one population to another) and are based upon theoretical models of population 

dispersal (Hedrick 1983; Wright 1951). To estimate the degree of differentiation between 

populations (or sub-populations), Wright’s (1951) F-statistics (also known as fixation indices or 

FST) and its analogues are usually employed. The F-statistics are related to the amounts of 

heterozygosity at various levels of population structure and are derived from F, the inbreeding 

coefficient. The F-statistics measure the difference in similarity (either as heterozygosity or 

probability of identity-by descent) of two alleles (or haplotypes) observed from the same 

population compared to two alleles drawn at random from the total population under Hardy-

Weinberg equilibrium (Futuyma 1979). The FST has a theoretical standardized range from 0 to 

1, but the observed maximum is usually much lower than 1. The following qualitative 

guidelines for the interpretation of FST are generally used (based on allozyme loci, Wright 

1978): little (FST = 0.00 - 0.05),  moderate (FST = 0.05 - 0.15), high (FST = 0.15 - 0.25) and 

strong genetic differentiation (FST > 0.25). The FST has an inverse relationship with the 

migration rate: 

 

Nm = (1 – FST) / 4 FST 

Equation 1-1. Relationship between FST and migration rate (Wright 1951). Nm is the proportion of 

migrants per generation.  

 

The F-statistics were first designed for a simple two allelic model but since then,  its use has 

been extended to include multiple alleles and loci (Takahata and Palumbi 1985; Weir and 

Cockerham 1984; Wright 1978). Perhaps one of their best attributes is that F-statistics can be 

a simple descriptor of the degree of population substructure and it is useful for comparison 

among loci or species. However, if some loci (or species) have high levels of variation 

compared to others, then a comparison of F-statistics would be misleading (Charlesworth 

1998). This is because F-statistics are a relative rather than an absolute measure of 

differentiation. To overcome this problem, analogues were developed. One of them is the ΦST, 

which weights the haplotype frequencies by the distance in nucleotides that separates each 

haplotype, determining how different each haplotype (or allele) is from each other and 
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therefore providing more information (Excoffier et al., 1992). Additionally, the Fisher’s exact 

test of allele (or haplotype) frequencies (Raymond and Rousset 1995a) and the Chi-squared 

test of independence (Roff and Bentzen 1989) determine if populations are statistically different. 

These methods, when used in conjunction with the F-statistics, provide valuable information to 

confirm population differentiation as a result of reduced gene flow. 

 

1.7.2 Individual cetacean identification: the photo-identification technique 

The individual identification of wild dolphins (and other cetaceans) by natural markings has 

revolutionised the study and understanding of living populations. At least 30 species of 

cetaceans have been studied to date using this technique (Mann 2000) that has been 

conducted successfully for over 30 years (for a review refer to Hammond et al., 1990; 

Whitehead et al., 2000; Würsig and Jefferson 1990). Distinctive marks such as colour patterns, 

callosities, distinctive dorsal fins or scars are used, allowing individual recognition without the 

need for physically capturing the animals. The photo-identification (photo-ID) technique 

consists of collecting photographs of naturally occurring marks of individuals in the wild; 

analysing the photographs, selecting those of best quality (including both nick distinctiveness 

and photo quality) and adding the best image of each identifiable individual into a catalogue 

of uniquely distinctive animals.  

 

The uniqueness of photo-ID as a central tool for the recognition of individual cetaceans is its 

ability to document the life history and ecology of animals, as well as allowing estimation of 

population and reproductive parameters including inferences of social structure (In T. truncatus: 

Wells 1991; Wells and Scott 1990; Williams et al., 1993; Wilson et al., 1999). When 

individual identification photographs are obtained at more than one location, home-range, 

dispersal and migrations can be investigated (In T. truncatus: Berghan et al., 2008; Irvine et 

al., 1981; Weigle 1990; Wells et al., 1990; Würsig and Harris 1990). Photo-ID combined 

with molecular methods are powerful tools that provide a variety of information including sex 

and reproductive condition further allowing testing hypotheses of social structure (T. truncatus: 

Duffield and Wells 1991; Parsons et al., 2003). 

 

Life history and population demographic studies are crucial to our understanding of the long-

term persistence and survival of a population, particularly in those impacted by anthropogenic 

activities. A greater understanding of the demographic parameters and dynamics of cetacean 

populations can be obtained when individuals are followed for a number of years during long-
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term mark-recapture studies through photo-ID (Graves Thayer 2008; Haase and Schneider 

2001; Wells 1991; Wilson et al., 1999) 

 

The likelihood of errors in photo-ID however, have been recognized since the early 

development of the technique (Payne et al., 1983). Incorrect identification may involve falsely 

identifying two photographs of different individuals as the same (i.e., false positive error) or two 

photographs of the same individual as different (i.e., false negative error, Friday et al., 2000) 

Identification errors may occur due to a variety of reasons including: lack of distinctiveness of 

the individual markings, the usage of poor quality photographs and/or lack of stability of 

markings over time (Friday et al., 2000; Stevick et al., 2001; Wilson et al., 1999). Additionally, 

it is unlikely that all individuals in a population will possess marks that enable them to be 

individually identified; this will result in unequal probabilities of recognition (i.e., capture) 

leading to heterogeneity across samples (Hammond 1986). Stevick et al., (2001) suggested 

that image quality was more important in determining error rate than nick distinctiveness. The 

implementation of stringent matching protocols and the usage of good quality photographs 

have been recommended to reduce the likelihood of errors in photo-ID (Stevick et al., 2001). 

However, in North Atlantic Humpback whales (Megaptera novaeangliae) capture frequencies 

were independent of individual distinctiveness (Friday et al., 2008). Furthermore in this study, 

examination of photo-quality and abundance estimates suggested that the latter were 

negatively biased when poor-quality photographs were removed. A balance between precision 

and bias in abundance estimates was achieved by removing the lowest-quality photographs 

(Friday et al., 2008). 

 

1.7.2.1 The Bay of Islands photo-ID catalogue 

The Bay of Islands photo-ID catalogue refers to a curated collection of photographs of 

individually identified bottlenose dolphins in a single reconciled database. The catalogue 

contains the best photograph of each unique individual photographed in the Bay of Islands 

since 1993. For some individuals, two photographs of the left and right side of the dorsal fin 

are available whereas for others only one image is available. Catalogued individuals are given 

an identification number that is used in all associated sightings and corresponds to the same 

number in the encounter history. When an individual acquires new nicks or a better image 

becomes available, the photograph in the catalogue is replaced.  
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One of the aims of this PhD research was to update and maintain the catalogue with current 

images of the dolphins. The photographic quality of images used in the catalogue and the 

distinctiveness of nicks used for individual identification purposes have been evaluated using a 

quality scale (Appendix 8.6). The evaluation resulted in the exclusion of 40 individuals (and 

their associated sighting data) that were included in some previous analyses (Constantine 

2002; Mourão 2006; Ryding 2001), leaving a total of 408 individually identified dolphins in 

the catalogue. 

 

The catalogue has received contributions from many people over the years. However, main 

contributors are C. Scott Baker, Rochelle Constantine, Gabriela Tezanos-Pinto, Jo Berghan, 

Fabiana Mourão and Andrew Ryding. Rochelle Constantine curated the catalogue from 1994-

2001 and Gabriela Tezanos-Pinto during 2002-2006. The catalogue has been scanned and is 

archived in digital format (Appendix 8.9). Currently, the catalogue is being curated by Rochelle 

Constantine at the University of Auckland. A description of conditions of access and use of the 

catalogue is provided in Appendix 8.9. 

1.7.2.2 Estimating abundance using mark-recapture (MRC) through photo-ID 

The use of individually identifiable individuals (i.e., marked) and the mark-recapture (MRC) 

methods in assessing biological populations is well documented (for a review refer to Pollock 

1991). Mark-recapture methods estimates population abundance using the proportion of 

marked individuals in a population (Jolly 1965; Seber 1965). The application of photo-ID to 

MRC constitutes a relatively affordable and fast method. The first photographic sighting of an 

individual constitutes the ‘mark’ and subsequent sightings the ‘recaptures.’ The complete 

individual sighting record serves as the encounter history (White and Burnham 1999). A mark 

ratio is estimated considering the proportion of marked to unmarked individuals in the 

population (Jolly 1965) and a capture probability is calculated for each marked individual at 

each sampling occasion to derive a population size estimate (Lebreton et al., 1992; Otis et al., 

1978; Pollock et al., 1990). Finally, it is necessary to extrapolate this value to the total 

population size by multiplying the abundance obtained by the mark ratio (Williams et al., 

1993).  

 

Capture probabilities usually range from 0.05 for “poor data” to 0.75 for “good data” (Otis et 

al., 1978). In this context, the terms “poor” or “good” refer to low or high probabilities of 

capturing individuals; which is related to the proportion of marked individuals in the population 

and their re-sighting rate. The coefficient of variation (CV) is used to indicate precision and is 
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defined as the ratio of the standard deviation to the mean. The coefficient of variation is a 

dimensionless number allowing comparison between datasets with different units or wildly 

different means (Frank and Althoen 1995). 

 

1.7.2.3 Mark-recapture methods and models 

There are a wide array of mark-recapture methods and models to estimate abundance (for a 

review refer to Amstrup et al., 2005) and the choice of which to use depends on matching 

characteristics of the data to the inherent assumptions made by each model. Population 

estimates depend crucially on the model selected and the fulfilment of its assumptions (Begon 

1983); therefore possible breaches should be carefully evaluated to avoid introducing 

unnecessary biases.  

 

Here, I use the term ‘method’ for the open and closed methodologies and ‘models’ to refer to 

different set of models for either closed or open methods. The primary difference between open 

and closed methods is that the latter assume geographic and demographic closure during a 

stipulated timeframe, while open methods are relaxed of these assumptions (Chao and 

Huggins 2005). Other assumptions common to both open and closed methods include: no 

loss of diagnostic marks for individual recognition during the study period, no behavioural 

response to the marking (or sampling) procedure and equal probability of capture among 

individuals and/or groups (Manly et al., 2005). 

 

1.7.2.4 Assumptions of mark recapture 

A population abundance that intends to represent population size has limited value unless the 

population can be clearly defined (Wilson et al., 1999). Defining the unit under study (in time 

and space) helps in understanding the estimates obtained in MRC analyses and asses potential 

breaches to assumptions more critically. Here, MRC assumptions are considered in the context 

of photo-ID studies conducted on dolphin populations and how potential violations may affect 

the abundance estimate.  

 

Mark loss is a difficult problem to address because the estimation of a rate of mark loss 

requires the implementation of two independent individual identification methods (e.g., 

genotyping and photo-identification, Garrigue et al., 2004; Oremus et al., 2007); which is 

usually difficult due to logistic and/or financial constraints. When mark loss occurs, a dolphin 
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that was in the photo-ID catalogue with a mark is later recorded as unmarked when it should 

be a recapture; biasing population abundance upwards. It is an irreversible and cumulative 

process that results in an increasing rate of loss of marked individuals over time (Stevick et al., 

2001). It is particularly problematic if individual recognition is based on marks that are not 

stable throughout the study period (Wilson et al., 1999). Nonetheless, nicks and cuts on the 

trail edge of a dolphin’s dorsal fin are usually permanent features (Scott et al., 1990; Wilson et 

al., 1999). In the Bay of Islands, nicks are usually acquired when an individual reaches sexual 

maturity and generally, they remain unchanged for several years. But it is possible that a new 

nick will mask an existing one resulting in the loss of the mark. 

 

Mark recognition assumes that a marked animal will be recognized with certainty if 

recaptured. This assumption can be violated if poor quality photographs or ambiguous 

markings are used to identify individuals (Wilson et al., 1999). False positive errors (i.e., falsely 

identifying two photographs of different individuals as the same) produce underestimation of 

population size whereas false negative errors (i.e., identifying two photographs of the same 

individual as different) produce overestimation of population size. 

 

Behavioural response includes ‘trap-happy’ and ‘trap-avoidance’. For photo-ID these 

effects are likely to be more subtle. However, ‘trap-avoidance’ (i.e., when individuals avoid the 

sampling platform more frequently than expected) reduces the probability of being captured 

causing overestimation of population size; whereas ‘trap-happy’ (i.e., when individuals 

approach the sampling platform more frequently than expected), increases their probability of 

being captured causing underestimation of population size(Williams et al., 2002). Both 

behavioural responses can currently be assessed through goodness of fit, testing the fully 

parameterized Cormack-Jolly-Seber (CJS) model as implemented in the software U-CARE Vs. 

2.02 (Choquet et al., 2005). 

 

Heterogeneity of capture has been acknowledged as one of the most common 

violations of the MRC assumptions in cetaceans (Hammond 1990). Usually this is due to a 

variety of reasons including individual habitat preferences that may result in unequal 

probabilities of capture if the photographic platform does not sample the population’s range 

representatively; inherent differences in each individual’s surfacing pattern can introduce biases 

because some individuals will surface more frequently than others, increasing their chances of 

being photographed (Hammond et al., 1990). Finally, social affiliations among individuals 

may result in unequal probabilities of capture (Wells and Scott 1990). Hence, heterogeneity of 
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capture may occur among individuals, sub-groups or sampling periods biasing estimates of 

abundance downwards (Hammond 1990).  

 

Geographic closure assumes that during the study period there is no immigration and 

emigration. There are different definitions of what constitutes a population (Waples and 

Gaggiotti 2006). Here a population is defined as a unit of interbreeding organisms with 

autonomous dynamics and recruitment (Krützen et al. 2004) and represented by dolphins that 

inhabit the north-eastern coast of the North Island in New Zealand and may visit the Bay of 

Islands at some stage; whereas the Bay of Islands is defined as a subset of this population (i.e., 

subpopulation). Based on this definition, geographic closure is unlikely to occur in the Bay of 

Islands subpopulation or the total population given the variable resighting rates and ranging 

patterns of dolphins (Berghan et al., 2008; Constantine 2002). 

 

Demographic closure assumes that during the study period no death and/or birth 

occur. Bottlenose dolphins are large mammals with low reproductive rates but long-life spans 

(Wells and Scott 1999, Connor et al. 2000). Therefore this assumption can be avoided only by 

restricting the duration of the study to a short-term period or season (Read et al. 2003).  

 

1.7.2.5 Mark ratio or individual distinctiveness 

A mark-recapture estimate of abundance is only for the marked proportion of the population 

(i.e., mark ratio, Jolly 1965), therefore a mark ratio has to be calculated to derive an estimate 

of the total population size (as opposed to ‘marked animals only’). The mark ratio (or also 

termed mark rate) refers to the proportion of individuals in the population that bear marks 

significant enough to allow individual recognition over time. In dolphins, mark ratio varies 

widely among species and populations. For example, the mark ratio of spinner dolphins 

(Stenella longirostris longirostris) in French Polynesia is about 15% (Poole 1995 in Oremus et 

al., 2007) and for Hector’s dolphins (Cephalorhynchus hectori) in Bank’s peninsula is 10.5% 

(Gormley et al., 2005). For bottlenose dolphins the mark ratio is 54% in North Carolina (Read 

et al., 2003), 82% in Hawai’i (Baird et al., 2001), 65.5% in Doubtful Sound (Fiordland, 

Williams et al., 1993), and 81.5% in the Bay of Islands (Constantine 2002). 

 

1.7.2.6 Description of closed population methods 

Closed methods are used when the six assumptions (mark recognition, behavioural responses, 

mark loss, geographic and demographical closure and heterogeneity of capture) can be 
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validated or if violations occur, these can be explored and quantified. However, the assumption 

of demographic and geographic closure between sampling periods can not be violated. 

Therefore, in cetaceans this model is generally used for studies covering relatively short time 

periods or where rates of increase and mortality are low (e.g., Read et al., 2003; Stevick et al., 

2003). 

 

1.7.2.7 Description of open population methods 

The advantage of open methods is that they allow estimation of demographic parameters such 

as death, birth, immigration and emigration in free ranging populations. However, deaths 

cannot be differentiated from emigration, and births cannot be differentiated from immigration 

(Pollock et al., 1990); which means that variations in survival are actually both deaths and 

emigration and this is termed ‘apparent survival’. 

 

Cormack (1964), Jolly (1965) and Seber (1965) independently developed open population 

models. Cormack’s model (referred to as Cormack-Jolly-Seber or CJS) provides estimates of 

survival and capture probabilities; although estimates of abundance need to be calculated 

using an estimator. Currently, the Horvitz–Thompson type estimator is implemented to obtain 

abundance estimates for CJS models (McDonald and Amstrup 2001). A generalisation of the 

CJS is the Jolly-Seber (JS) model that also provides estimates of abundance. The subtle 

difference between the CJS and JS models is that the CJS model uses information from 

recaptures only (Brownie 1987). However, JS models do not cope very well with capture 

heterogeneity and therefore can be badly biased when heterogeneity is present (Gilbert 1973). 

However, when the marking process does not have an effect on survival or heterogeneity is 

minimal, JS and CJS are quite similar and provide comparable estimates of survival and 

capture probabilities (Nichols 1992). 

 

CJS and JS models provide estimates of abundance, reflecting the number of animals using the 

study area at a given period of time, rather than the ‘total abundance’ of the population. The 

latter however, is usually required for management purposes. The Schwarz and Arnason 

parameterization of the Jolly-Seber open population model (also referred to as the ‘super 

population’ approach, Crosbie and Manly 1981; Schwarz and Arnanson 1996) provides 

abundance estimates while allowing entries (i.e., births, immigration) and losses (i.e., death, 

permanent emigration) in the population under study. This method estimates the abundance of 
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all animals that visited the study area at some stage (Williams et al., 2002) and is suitable for 

long-term studies where the use of models assuming population closure is not reasonable. 

1.7.2.8 Selecting a population abundance model 

There are a large number of methods and models available for MRC, as well as estimators for 

each, which result in the difficult question of which one is appropriate for the population under 

study (Burnham et al., 1995). The usage of an inadequate model leads to a population 

estimate with an unknown degree of bias and unrealistically small or unacceptably large 

variance.  

 

Ideally, any estimation procedure should be unbiased (i.e., accurate) and precise. An unbiased 

estimator is when it’s estimated value (e.g., mean) is equal to the true value. It is precise when 

repeated estimates are as close as possible to each other (McCallum 2000). Generally, as the 

number of parameters in a model increase, so does the variance while the bias decreases 

(Burnham and Anderson 1992). This means that a fully-parameterized model will reduce the 

bias at the cost of increasing the variance for the parameters included; whereas the opposite 

situation will result in not enough parameters to adequately explain the scenario of the 

population, leading to bias and unrealistic precise estimates (Burnham and Anderson 1992). 

 

It is necessary to define (in time and space) the boundaries of the population. The software 

CAPTURE provides a procedure to test whether the closure assumption is valid (Rexstad and 

Burnham 1992). However, closure can be confused with a behavioural response to capture 

because ‘trap-avoidance’ individuals will have a lower probability of capture and appeared to 

have died or emigrated on subsequent sampling periods. However, the sampling period should 

be long enough to guarantee that each individual has an equal chance of being captured and 

survive between sampling periods.  

 

Recent MRC studies have relied on two computer programs to estimate abundance: CAPTURE 

and MARK (Otis et al., 1978; White and Burnham 1999). CAPTURE estimates abundance 

using only closed methods through 7 models, whereas MARK provides a wide-array of methods 

(including closed, open and robust) and models, including the program CAPTURE and tests of 

goodness of fit (White and Burnham 1999). 

 

MARK provides a bootstrap procedure that has increased power over chi-square goodness of 

fit (GOF) test to detect lack of fit (White and Burnham 1999). The procedure involves 
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generating a number of iterations from the model that is evaluated and sorted by the deviance 

from the smallest to the largest. A maximum log-likelihood is estimated for a model where the 

number of parameters is equal to the sample size. The rank of the deviance from the original 

data then is compared to the simulated data. If the deviance is smaller than the largest 5% of 

simulated deviances, then this indicates a reasonable fit (White and Burnham 1999). A 

variation of the Akaike’s Information Criteria that includes a correction for small sample size 

(i.e., AICc, Hurvich and Tsai 1989) to chose among potential models is implemented. The 

selection procedure consists of choosing the model with the smallest AICc.  

 

Goodness of fit (GOF) tests the assumptions in the time-dependent CJS model (Phit, pt) based 

on a classical partitioning of the likelihood according to sufficient statistics (Pollock et al., 

1985). The compatibility of the data is tested by contingency table chi-squared tests that can be 

conducted in software such as U-CARE Vs. 2.02 (Choquet et al., 2005). Specifically, U-CARE 

contains ‘directional’ tests for transience (Pradel et al., 1997) and trap-dependence ('trap-

happy' or 'trap-avoidance', Pradel 1993) in addition to testing of survival and heterogeneity of 

capture. 

 

1.8 Thesis structure 

1.8.1 Format and collaborative arrangements 

This doctoral thesis is a synthesis of an examination of the population structure, dynamics, 

abundance and reproductive parameters of bottlenose dolphins inhabiting the Bay of Islands 

(Northland, New Zealand). The main objectives were to model trends in abundance and 

investigate the genetic structure of bottlenose dolphins in the Bay of Islands through analyses of 

long-term photo-ID records and biopsy samples. The work presented in this thesis is a 

compilation of data collected during my own fieldwork and laboratory research, data 

contributed by collaborators and empirical analytical studies conducted by myself. This study 

was generously funded by the Department of Conservation (Northland) and included specific 

areas that needed to be investigated to assist in monitoring and management of this utilised 

population. For this purpose, I submitted a proposal to the Department of Conservation with 

specific objectives; which have been included in the relevant chapters of this thesis. 

 

Chapter 1 provides a review of the bottlenose dolphin literature regarding their general 

biology, taxonomy, distribution, ecology, social structure and population genetics including a 

description of studies conducted worldwide and in New Zealand. It explains the concepts and 

methods employed in this study, including the applications of mtDNA control region to estimate 
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genetic diversity, describe population genetic structure and the implementation of long-term 

photo-ID to investigate life history parameters and estimate abundance through the MRC 

technique.  

Chapter 2 investigates the population structure and genetic diversity of bottlenose dolphins in 

New Zealand including a worldwide perspective using mtDNA control region sequences. 

Samples and mtDNA control region sequences were available from biopsy samples, stranding 

specimens, market samples and reconstructed sequences from previously published literature. 

A large database representing 19 populations spanning three ocean basins, including both 

‘inshore’ and ‘offshore’ ecotypes was assembled. This chapter is self-contained and has been 

published in the Journal of Heredity under: “A Worldwide Perspective on the Population 

Structure and Genetic Diversity of Bottlenose Dolphins (Tursiops truncatus) in New Zealand”. 

Journal of Heredity. Issue 100 (1), pages11-24. This chapter answered the following objectives 

proposed to DoC: 

• Describe population boundaries and estimate gene flow between the Northland 

population and other regional populations in New Zealand. 

• Determine patterns of inbreeding/outbreeding  

• Elucidate systematic relationships between T. truncatus in Northland and other 

bottlenose populations around New Zealand and other areas of the South Pacific.  

 

Chapter 2 has been published in collaboration with C. Scott Baker, Kirsty Russell, Karen 

Martien, Robin W. Baird, Alistair Hut, Gregory Stone, Tetsuya Endo, Antonio A. Mignucci-

Giannoni, Susana Caballero, Marc Oremus, Carlos Olavarria, Shane Lavery and Claire 

Garrigue.  

C. Scott Baker provided logistical and practical support during field and lab work. He collected 

and assisted with collection of skin samples from bottlenose dolphins around New Zealand and 

mtDNA sequences from Japan, facilitated access to samples collected in the Republic of 

Kiribati; provided extensive discussions and comments on data analysis including various 

revisions of the manuscript. Kirsty Russell, Alistair Hutt, Karen Martien, Robin W. Baird, Gregory 

Stone, Tetsuya Endo, Antonio A. Mignucci-Giannoni, Susana Caballero, Marc Oremus, Carlos 

Olavarría and Claire Garrigue provided skin samples or mtDNA control region sequences 

from bottlenose dolphins from 7 locations around the world that allowed conducting the 

worldwide comparison. Shane Lavery reviewed the manuscript and provided comments on the 

analytical methods employed. 
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Chapter 3 analyses a long-term photo-ID database combined with genetic information to 

explore the dynamics of groups, pattern of habitat use and composition of maternal lineages in 

the Bay of Islands over two time-periods of consistent research (1997-99 and 2003-05). 

Analyses of group dynamics, re-sighting rates and residency patterns suggested a very dynamic 

population with individuals changing their pattern of habitat use over time. Analyses of mtDNA 

combined with photo-ID records of frequent users suggested that several maternal kin and both 

sexes are present and equally use the Bay of Islands. This chapter answered the following 

objective proposed to DoC: 

• Examine differences in group size, composition and maternal lineages of frequent users 

and non-frequent users in the Bay of Islands 

 

Chapter 3 is intended for publication with Rochelle Constantine, Fabiana Mourão, Jo Berghan, 

Sarah Wells and C. Scott Baker. 

Rochelle Constantine provided sighting data from 1993-99 and gave helpful comments to 

interpret the data. C. S. Baker assisted with data analyses, interpretation of results and 

reviewed the manuscript. Jo Berghan assisted R. Constantine with data collection and provided 

additional sighting data for 2001-02. Fabiana Mourão provided sighting data collected from 

tour boats during 2003-04. Sarah Wells assisted with photo-ID matching and during field 

surveys. 

 

Chapter 4 uses photo-ID and MRC technique over two time-periods of intensive survey effort to 

estimate trends in abundance of bottlenose dolphins using the Bay of Islands. Open methods 

are explored including evaluation of MRC assumptions under different scenarios. 

This chapter answered the following objective proposed to DoC: 

• Develop an individual-based model for population dynamics, allowing confirmation of 

trends of an increase or decrease in abundance 

 

Chapter 4 is intended for publication with C. Scott Baker, Lyndon Brooks, Rochelle 

Constantine, Fabiana Mourão and Jennifer Jackson. 

C. S. Baker assisted in data collection, interpretation of results and reviewed the manuscript. 

Lyndon Brooks provided assistance with MRC methods. Rochelle Constantine provided sighting 

data for 1993-99. Fabiana Mourão provided sighting data collected from tour boats during 

2003-04. Jennifer Jackson provided valuable comments to improve the quality of the 

manuscript. 
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Chapter 5 presents a thorough analysis of reproductive parameters of female bottlenose 

dolphins in the Bay of Islands based on photo-ID records across 12 years of studies, including 

genetic information and comparing the values obtained to long-term studies conducted in 

other regions. This chapter answered the following objectives proposed to DoC: 

• Examine the interaction between maternal lineages, fecundity, and calf survival 

 

This chapter is intended for publication with C. Scott Baker, Rochelle Constantine, Fabiana 

Mourão and Jo Berghan. C. S. Baker provided photographs, assisted in field surveys, 

interpretation of results and reviewed the manuscript. Rochelle Constantine provided sighting 

data for 1993-99. Jo Berghan assisted R. Constantine in data collection and provided 

additional sighting data for 2001-02. Fabiana Mourão provided sighting data collected from 

tour boats during 2003-04. 

 

The final chapter (chapter 6) presents a summary of results addressing implications of this 

doctoral study as a whole integrating major findings from each chapter. Detailed discussions 

relevant to each chapter are found in separate chapters. Hence, the final discussion is focussed 

on suggestions for further studies that build on the foundation provided in this work. The 

appendices provide additional information, allowing better interpretation of results or for 

clarification purposes. 

 

1.8.2 Permits 

Biopsy samples were collected in New Zealand under permit to C. Scott Baker from the New 

Zealand Department of Conservation and animal ethics protocols AEC/02/2002/R9 and 

AEC/02/2005/R334 from the University of Auckland. Biopsy sampling in the Republic of 

Kiribati was conducted under permits granted by the local government to Gregory Stone; in 

Samoa, under permit to Carlos Olavarria from the Minister and Cabinet, Ministry of Natural 

Resources and Environment of the Samoan Government; in New Caledonia, to Claire 

Garrigue under letter of authorization 6024-1028-DRN/ENV from the North and South 

provinces; in French Polynesia, to Marc Oremus under permit from the local government; in 

Hawai‘i and Palmyra Atoll, to Robin W. Baird/Karen Martien under Marine Mammal Protection 

Act permit 774-1714, National Marine Fisheries Service and CITES permits; in the Caribbean, 

to Antonio A. Mignucci-Giannoni, under Marine Mammal Protection Act permits 779-1339, 

779-1633, 774- 1714 and CITES permits 04US774223/9 and 05US774223/9, issued to the 

National Marine Fisheries Service, and under permit 04-EPPE-003 from Puerto Rico’s 

Department of Natural and Environmental Resources. 
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2 CHAPTER: A WORLDWIDE PERSPECTIVE ON THE 

POPULATION STRUCTURE AND GENETIC DIVERSITY 

OF BOTTLENOSE DOLPHINS (TURSIOPS TRUNCATUS) 

IN NEW ZEALAND  

 

 

 

Bottlenose dolphins in the Bay of Islands. Photo: © G. Tezanos-Pinto 

Chapter published in the Journal of Heredity. Issue 100 (1): 11-24; 2009 
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2.1 Abstract 

Bottlenose dolphins (Tursiops truncatus) occupy a wide range of coastal and pelagic habitats 

throughout tropical and temperate waters worldwide. In some regions, ‘inshore’ and ‘offshore’ 

forms or ecotypes differ genetically and morphologically, despite no obvious boundaries to 

interchange. Around New Zealand, bottlenose dolphins inhabit three coastal regions: 

Northland, Marlborough Sounds and Fiordland. Previous demographic studies showed no 

interchange of individuals among these populations. Here, we describe the genetic structure 

and diversity of these populations using skin samples collected with a remote biopsy dart. 

Analysis of the molecular variance (AMOVA) from mitochondrial DNA (mtDNA) control region 

sequences (n = 193) showed considerable differentiation among populations (FST = 0.17, ΦST 

= 0.21, p < 0.001) suggesting little or no female gene flow or interchange. All three 

populations showed higher mtDNA diversity than expected given their small population sizes 

and isolation. To explain the source of this variation, 22 control region haplotypes from New 

Zealand were compared to 108 haplotypes worldwide representing 586 individuals from 19 

populations and including both ‘inshore’ and ‘offshore’ ecotypes as described in the Western 

North Atlantic. All haplotypes found in the Pacific, regardless of population habitat use (i.e. 

coastal or pelagic), are more divergent from populations described as ‘inshore’ ecotype in the 

Western North Atlantic than from a population described as ‘offshore’ ecotype. Analysis of 

gene flow indicated long-distance dispersal among coastal and pelagic populations worldwide, 

except for those haplotypes described as ‘inshore’ ecotype in the Western North Atlantic, 

suggesting that these populations are interconnected on an evolutionary time scale. This 

finding suggests that habitat specialization has occurred independently in different ocean 

basins, perhaps with T. aduncus filling the ecological niche of the ‘inshore’ ecotype in some 

coastal regions of the Indian and Western Pacific Oceans 

 

2.2 Introduction 

All cetaceans including baleen whales, beaked whales, dolphins and porpoises are highly 

mobile and many species undertake long-distance seasonal migrations (Baker et al., 1993; 

Rosel et al., 1999; Wells et al., 1999). This mobility has the potential to reduce the isolation 

and therefore the genetic differentiation in haplotype frequencies among regional populations. 

However, several studies have revealed demographic isolation (Rossbach and Herzing 1999; 

Würsig and Jefferson 1990) or genetic differentiation at both the haplotype and nucleotide 

level among neighboring dolphin populations, despite no obvious physical barriers to 
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interchange (e.g. Dowling and Brown 1993; Hoelzel 1998; Hoelzel et al., 1998; Krützen et 

al., 2004; Oremus et al., 2007; Pichler et al., 1998). 

 

The bottlenose dolphin (Tursiops truncatus) occupies a wide range of coastal and oceanic 

habitats throughout tropical and temperate waters around the world (Leatherwood et al., 

1983). At least one related species (currently T. aduncus, although perhaps not a truly 

congener, refer to LeDuc et al., 1999; Natoli et al., 2004; Wang et al., 1999) is sympatric with 

T. truncatus along the coast of mainland China, in the Taiwan Strait (Wang et al., 1999), 

around Australia (Krützen et al., 2004; Møller and Beheregaray 2001) and off South Africa 

(Natoli et al., 2004; Ross 1977; Ross and Cockcroft 1990). 

 

It appears that T. truncatus may have once or repeatedly, adapted to different environmental 

conditions resulting in several different forms or ‘ecotypes’. In the North Atlantic, for example, 

Duffield et al., (1983) described two T. truncatus ecotypes based on haematology profiles and 

distribution: ‘inshore’ and ‘offshore’. Later studies confirmed this finding with independent lines 

of evidence from morphology, genetics, parasite load and diet (Hersh and Duffield 1990; 

Hoelzel et al., 1998; Mead and Potter 1990; Natoli et al., 2004). In many regions of the world 

however, there is insufficient evidence to distinguish between differential habitat use by 

individuals and true ecotype specialization of particular bottlenose dolphin genetic lineages. 

Distinct parapatric (adjacent) populations have been documented in the Western North Atlantic 

(Duffield et al., 1983; Hersh and Duffield 1990; Hoelzel et al., 1998; Kingston and Rosel 

2004; Natoli et al., 2004; Torres et al., 2003) and to a lesser extent in the Eastern North 

Pacific, the Gulf of California (Lowther 2006; Segura et al., 2006), as well as along the 

western coast of South America (Sanino et al., 2005; Van Waerebeek et al., 1990).  

 

Although it is generally assumed that the ‘inshore’ ecotype inhabit coastal areas while the 

‘offshore’ ecotype inhabit pelagic waters, this assumption can be misleading: individuals 

described as the ‘offshore’ ecotype have been reported close to shore in some areas (Wells et 

al., 1999) and individuals described as the ‘inshore’ ecotype have been observed far from 

shore in regions where the continental shelf is broad (Kenney 1990). Moreover, around many 

islands in the Pacific Ocean, deep ocean basins are found in close proximity to shallow coastal 

areas. Information on population structure and ecotype assignment of bottlenose dolphins from 

these oceanic islands has been limited to one or two populations with small sample sizes 

(Natoli et al., 2004). Further, there has been some confusion between the ‘inshore’ ecotype of 

T. truncatus and the more coastal species of Indo-Pacific bottlenose dolphin, T. aduncus 
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(Reeves et al., 2004). For example, mtDNA control region sequences of individuals from a 

coastal South African population previously reported to represent the ‘inshore’ ecotype of T. 

truncatus (Goodwin et al., 1996; Smith-Goodwin 1997) were recently shown to match a 

sequence of the T. aduncus holotype (collected along the Ethiopian coast of the Red Sea, Perrin 

et al., 2007). 

 

On a worldwide scale, pelagic T. truncatus seem to be characterized by high levels of genetic 

diversity while coastal populations are characterized by low levels of genetic diversity (Natoli et 

al., 2004). Moreover, pelagic populations are likely to be the source of independent founder 

events which have generated somewhat discrete population segments in coastal areas perhaps 

as a result of resource specialization or philopatry (Hoelzel 1998; Natoli et al., 2004). 

Intensively studied populations in the WNA are commonly used as a model for comparison 

with other regions (Curry 1997; Curry and Smith 1997; Hoelzel et al., 1998; Natoli et al., 

2004). However, considering the limited nature of studies conducted in the Central and 

Western Pacific (CWP) and the taxonomic uncertainty in some studies, it is unknown whether 

the pattern found in the WNA is representative of the worldwide population structure of the 

species or if it represents only an ocean basin, or even a region within an ocean. Although, 

testing of this hypothesis was initiated by Natoli et al., (2004), their sample size for the Pacific 

Ocean was limited to 18 samples from only two regions (one from the Eastern North Pacific 

and 17 from China). 

 

In New Zealand waters, bottlenose dolphins are found both in coastal and pelagic habitats 

(Constantine 2002); but as yet, there has been no independent evidence to classify individuals 

or populations as genetically more similar to ‘inshore’ or ‘offshore’ ecotypes found in other 

regions. In coastal waters, there are three discontinuous populations found in Northland, 

Marlborough Sounds and Fiordland (Figure 2-1, Bräger and Schneider 1998; Constantine 

2002; Schneider 1999). The Fiordland population appears to be further subdivided into three 

small communities inhabiting Milford, Doubtful and Dusky Sounds (Boisseau 2003). Long-term 

studies using mark-recapture models have estimated abundance at around 446 adults in 

Northland (CI = 418 - 487, Constantine 2002), 211 in Marlborough Sounds (CI = 195-232, 

Merriman 2007) and around 56 individuals in Doubtful Sound (CV = 0.01, Currey et al., 

2007). Comparison of individual identification photographs between Northland, Marlborough 

Sounds and Fiordland suggests no exchange of individuals among populations (Bräger and 

Schneider 1998; Constantine 2002; Schneider 1999).  
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Here, I describe the population structure and genetic diversity of coastal bottlenose dolphins in 

New Zealand waters based on mitochondrial DNA (mtDNA) control region sequences. I further 

describe the genetic relationship of New Zealand bottlenose dolphins to other T. truncatus from 

18 regions worldwide, including the ‘inshore’ and ‘offshore’ ecotypes as described in the 

Western North Atlantic. With this more comprehensive dataset, I further test the hypothesis that 

the genetically distinct ecotypes reported in the Western North Atlantic are found worldwide, 

predicting that New Zealand coastal dolphins would group genetically with individuals 

representative of the ‘inshore’ ecotype given their coastal habitat preference or use. 

Alternatively, I considered that New Zealand dolphins have adopted a coastal habitat use 

independent of other coastal or insular populations, perhaps originating from a widespread, 

pelagic population or complex of populations. The results provide new insights into the pattern 

of mtDNA diversity associated with habitat specialization and ecotype formation among T. 

truncatus worldwide. 

 

2.3 Materials and Methods 

2.3.1 mtDNA datasets used 

2.3.1.1 New Zealand dataset 

A total of 193 samples were collected from bottlenose dolphins in coastal habitats around New 

Zealand (Figure 2-1) using a Paxarm biopsy sampling system (Krützen et al., 2002). Of these, 

127 samples were from two locations in Northland (Bay of Islands 35° 14’S, 174° 06’E, n = 

120; and Hauraki Gulf 36° 40’ S, 174° 50’ E, n = 7). Forty-two samples were collected from 

Marlborough Sounds (41° 05’S, 174° 15’ E), 18 from Doubtful Sound in Fiordland (45° 17’S, 

167° 168’E) and 6 from the neighbouring Jackson Bay (44° S, 168.5 E). Analysis of individual 

identification photographs confirmed that some individuals photographed in Jackson Bay 

belonged to the Milford Sound community (Russell et al., 2004), therefore samples collected in 

this area were assigned to the Fiordland population. Sixteen samples were obtained from 

strandings around New Zealand. These sequences were included in the worldwide analyses, 

but not in the analyses of population structure for New Zealand, as the assignment of 

individuals to populations were not possible. 

 

2.3.1.2 Pacific Ocean dataset 

Excluding samples collected in New Zealand, a total of 218 samples representing 62 unique 

mtDNA control region sequences (i.e., haplotypes) were available from eight populations from 
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the Central and Western Pacific (CWP) and one haplotype (represented by one sample) was 

available from the Eastern North Pacific (ENP). Haplotype sequences were obtained from 

published sequences, biopsy samples, ‘whale-meat’ products and GenBank sources (Figure 2-

1, Appendix 8.2). From the CWP, 155 skin samples were collected using a biopsy sampling 

system; of those, 23 were collected from the Republic of Kiribati (Phoenix Archipelago, 2° 49’S, 

171° 40’W), 117 from the main Hawaiian Islands (O‘ahu, Hawai‘i, Kaua‘i and Ni‘ihau, 19° to 

22° N, 156° to 160° W), 11 from the Palmyra Atoll (5° 52’ N, 162° 06’ W) one from Samoa 

(13° 25’S, 172° 36’W), two from French Polynesia (Tuamotu Archipelago 15° S, 148° W) and 

one from New Caledonia (22° 51’ S, 167° 42’ E; Figure 2-1, Appendix 8.2). Previously 

unpublished sequences  from 34 ‘whale-meat’ products identified as T. truncatus were 

obtained from commercial markets of Japan as part of the ongoing molecular monitoring of 

whale and dolphin products (Baker et al., 2000; Baker and Palumbi 1994; Endo et al., 2005). 

Most market products from dolphins were supplied by small-type coastal whaling (Endo et al., 

2003b) and therefore were assumed to originate from coastal areas around Japan. 

 

Six mtDNA haplotype sequences of  T. truncatus were obtained from GenBank (Accession 

numbers: AF056231 and AF049101 from Wang et al., 1999, AF459508, AF459509, 

AF459523 and AF459522, from Ji et al., unpublished). Additionally, 24 samples representing 

19 unique haplotype sequences were reconstructed from three publications (Kakuda et al., 

2002; Natoli et al., 2004; Wang et al., 1999) representing three regions (Japan, China-

Taiwan and Eastern North Pacific; Appendix 8.2). Each publication included one reference 

sequence (published in GenBank or included in the publication) with a table of variable sites 

and haplotype frequencies. Haplotype sequences were reconstructed from these by inserting 

and aligning the reference sequence with the existing T. truncatus dataset using MacClade 

software Vs. 4.06 (Maddison and Maddison 2003).  

 

2.3.1.3 Atlantic Ocean dataset 

A total of 158 samples representing 50 unique mtDNA haplotype sequences were available 

from nine populations in the Atlantic Ocean from published sequences, strandings and 

Genbank sources (Figure 2-1, Appendix 8.2). For this study, 12 samples from Puerto Rico (17° 

to 18° N, 65° to 67° W) and one from the U.S. Virgin Islands (17° 41.23' N, 64°49.32' W) 

were newly available from stranded individuals. Three haplotype sequences from the Bahamas 

were obtained from GenBank (accession numbers: AF155160, AF155161 and AF155162 

from Parsons et al., 1999). Additionally, 142 samples representing 37 haplotype sequences 
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were reconstructed from three publications (Natoli et al., 2004; Parsons et al., 2002; Smith-

Goodwin 1997) representing eight regions and two ecotypes (Figure 2-1, Appendix 8.2). 

Haplotype sequences were reconstructed following the procedure described above.  

 

 

Figure 2-1. Locations represented by genetic samples of bottlenose dolphins (T. truncatus) including New 

Zealand populations (insert). Abbreviations: ENA= Eastern North Atlantic, MS = Mediterranean Sea, 

WA = West Africa, Ja = Japan, Ch = China-Taiwan, Hi = Hawai‘i , PA = Palmyra Atoll, KI = Republic 

of Kiribati, Sm = Samoa, FP = French Polynesia, NC = New Caledonia, NZ = New Zealand, ENP = 

Eastern North Pacific, GM = Gulf of Mexico, WNAi = Western North Atlantic ‘inshore’, WNAo = 

Western North Atlantic ‘offshore’, Ba = Bahamas, Ca = Caribbean, Br =Brazil 

 

2.3.2 DNA extraction, PCR amplification and sequencing 

For tissue obtained from biopsy samples and stranded specimens, total genomic DNA was 

isolated from tissue samples using proteinase K digestion followed by standard 

phenol/chloroform methods (Sambrook et al., 1989), as modified for small tissue samples by 

Baker et al., (1994). Amplification of 800 bp of the mtDNA control region was performed 

using the primers light-strand tPro-whale Dlp-1.5 with the addition of an M13 tag to the 5’ end 

(Dalebout et al., 1998) and heavy strand Dlp-8G (Pichler et al., 2001). PCR volume was 15 µL 

per reaction per sample. PCR reaction conditions were as follows: 0.2 mM dNTP, 2.5 mM 

MgCl, 1X PCR Buffer, 0.4 µM of each primer, 0.05 µl Platinum Taq (Invitrogen). PCR cycling 
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profile was 2 min at 94ºC, 35 cycles of 30 sec at 94ºC, 40 sec at 55ºC and 40 sec at 72ºC. 

PCR products were purified using ExoI and SAP (Werle et al., 1994) and sequenced with 

BigDye™ terminator chemistry using ABI 377 and ABI 3100 DNA sequencers (Applied 

Biosystem, Foster City, CA, USA). Cycle sequencing used the primer tPro-whale Dlp-1.5. 

Variable sites of unique haplotypes were confirmed by sequencing the heavy strand using 

primer Dlp-8G.  

 

For tissue obtained from Japanese whale-meat markets, DNA extractions and initial PCR 

amplifications were conducted using ‘portable’ PCR protocols (e.g., Baker et al., 2006; Baker 

and Palumbi 1994). In brief, tissue from each product was prepared for PCR amplification 

using Chelex resin (BioRad Laboratories, Hercules, California, USA) following Walsh et al., 

(1991). To comply with CITES restrictions (Bowen and Avise 1994; Jones 1994),amplified 

products were isolated from ‘native’ DNA by biotin labelling of one primer and binding to 

streptavidin-coated plates (Baker et al., 2006). 

 

2.3.3 Taxonomy, ecotype and habitat classification 

In order to avoid potential confusion with T. aduncus, sequences from biopsy samples, 

strandings specimens and ‘whale-meat’ products were first compared to sequences from 

voucher specimens of Tursiops1 available from the Witness for the Whales database (Vs. 4.3) 

within the web-based program DNA-surveillance (Ross et al., 2003) and reconstructed 

sequences (Appendix 8.4). Sequences used in the worldwide comparison were categorized into 

previously described ecotypes (i.e. ‘inshore’ or ‘offshore’) by reviewing each published article 

for independent evidence from at least two sources (e.g., molecular or biochemical markers, 

diet, morphology). However, in some publications the terms ‘inshore’ or ‘offshore’ were used 

with no evidence other than  distribution. I considered this evidence of classification by habitat 

(i.e. coastal or pelagic) was insufficient for classification of ecotype. All haplotype sequences 

from the Western North Atlantic ‘inshore’ (WNAi), Bahamas, and Gulf of Mexico presented 

consistent diagnosis as the ‘inshore’ ecotype, while haplotype sequences from the Western 

North Atlantic ‘offshore’ (WNAo) presented evidence for diagnosis as the ‘offshore’ ecotype. 

Haplotype sequences from all remaining populations were diagnosed as ‘unknown’ in regards 

to ecotype. Regional populations were also grouped into three ocean basins: North Pacific 

(NP), South Pacific (SP) and Atlantic Ocean (AO; Table 2-1). 

1Sequences were also compared to specimens of the entire Delphininae subfamily.  
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Table 2-1. Summary of mtDNA control region sequences available for T. truncatus populations 

worldwide, showing  the total number of samples (n), number of haplotypes, sequences length (No. of 

bp), published ecotype origin (when available) and genetic diversity values. Abbreviations: bp= base 

pairs, I = ‘inshore’, O = ‘offshore’, U = ‘unknown’, n/a = not available. Source: BS = Biopsy samples, 

St = Strandings, GB = GenBank sequences, MP = Market products, RS = Reconstructed sequences.  

Population n No. of 
haplotype
s 

No. 
of bp 

Ecotype Nucleotide 
diversity (π) % 

Haplotypic 
diversity (h) 

Source 

South Pacific        

New Zealand (NZ) 209 22 391 U 2.2 ± 1.1 0.91 ± 0.007 BS, St 
Republic of Kiribati (KI) 23 8 388 U 0.6 ± 0.3 0.83 ± 0.05 BS 
New Caledonia (NC) 1 1 386 U n/a n/a BS 
Samoa (Sm) 1 1 391 U n/a n/a BS 
French Polynesia (FP) 2 2 391 U n/a n/a BS 
North Pacific        
Hawai‘i (Hi) 117 19 385 U 2.2 ± 1.1 0.87 ± 0.016 BS 
Palmyra Atoll (PA) 11 7 385 U 1.6 ±0.9 0.93 ± 0.06 BS 
China (Ch) 22 17 391 U  1.8 ± 1 0.95 ± 0.04 RS1, GB  
Japan (Ja) 41 19 387 U 1.3 ± 0.7 0.77 ± 0.07 RS2, MP 
Eastern North Pacific (ENP) 1 1 297 U n/a n/a RS3 
Atlantic        
Gulf of Mexico (GM)  10 6 297 I 0.7 ± 0.5 0.84 ± 0.1 RS3 
Caribbean (Ca) 13 6 387 U 2.2 ± 1.2 0.82 ± 0.08 St 
Bahamas (Ba) 7 5 297 I 0.5 ± 0.3 0.86 ± 0.14 RS3, GB 
Western North Atlantic 
‘inshore’ (WNAi) 

29 6 297 I 0.7 ± 0.5 0.43 ± 0.11 RS3 

Western North Atlantic 
‘offshore’(WNAo) 

25 11 297 O 2.2 ± 1.2 0.88 ± 0.05 RS3, 5 

Eastern North Atlantic 
(ENA) 

38 8 297 U 0.9 ± 0.5 0.73 ± 0.047 RS3,4 

Mediterranean Sea (MS)  18 11 294 U 2.1 ± 1.2 0.94 ± 0.03 RS3 
West Africa (WA) 16 5 297 U 1.5 ± 0.9 0.72 ± 0.097 RS3 
Brazil (Br) 2 1 297 U n/a n/a RS1 

1(Wang et al., 1999), 2(Kakuda et al., 2002), 3(Natoli et al., 2004), 4(Parsons et al., 2002), 
5(Smith-Goodwin 1997). 

 

2.3.4 Sequences analysis and phylogenetic reconstruction 

Sequence alignments were performed using Sequencher ™ (Vs. 4.1.2, Genes Codes Corp., 

Ann Arbor, MI, USA) and edited manually. Unique haplotypes were identified using the 

software MacClade Vs. 4.06 (Maddison and Maddison 2003). The neighbor-joining (NJ) 

algorithm, as implemented in the software PAUP* Vs. 4.0b10 (Swofford 2000), was used to 

reconstruct the phylogenetic relationships among New Zealand haplotypes. Bootstrap 

confidence estimates were based on 1000 replicates (Felsenstein 1985); the best fitting model 

of sequence evolution was found using Modeltest Vs. 3.7 (Posada and Crandall 1998). A 

maximum parsimony (MP) tree was also constructed using the branch and bound algorithm to 
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search through numerous equally parsimonious trees. Because of the poorly resolved 

phylogeny within the subfamily Delphininae (Caballero et al., 2008; LeDuc et al., 1999), I 

chose a more distantly related species from the subfamily Stenoninae, the rough-toothed 

dolphin (Steno bredanensis, Oremus 2008), as an outgroup for all reconstructions (Caballero 

et al., 2008). 

 

2.3.5 Population structure and genetic diversity  

Arlequin Vs. 2.001 (Schneider et al., 2000) was used to calculate FST , ΦST , h (haplotype 

diversity, Nei 1987a) and π (nucleotide diversity, Tajima 1983) using Tamura-Nei distance 

correction (Tamura and Nei 1993). The significance of departure from a random distribution 

was evaluated using 10,000 permutations among individuals between populations (Analysis of 

Molecular Variance, Excoffier et al., 1992). An exact test of population differentiation based on 

haplotype frequencies (Raymond and Rousset 1995a) was performed to test the null hypothesis 

of random distribution of individuals between pairs of populations. Populations with less than 

five samples were excluded from the test of differentiation. Sequential Bonferroni corrections 

were applied to pairwise comparisons where indicated (Rice 1989).  

 

2.3.6 New Zealand compared to worldwide populations 

In order to compare New Zealand populations to the worldwide dataset, average gross (dxy) 

and net (da) sequence divergence between populations and sequence diversity within 

populations (dx, dy) were estimated with Tamura-Nei distance correction, including calculation 

of standard errors (SE) using Mega 2.1. In order to better visualize the similarity of the New 

Zealand populations to the worldwide dataset, a mid-rooting dendrogram was built with Mega 

2.1 by neighbor-joining using net sequence divergence data (da) among populations. 

 

2.3.7 Migration rates among New Zealand populations 

Asymmetric female migration rates among populations were estimated using a Markov Chain 

Monte Carlo (MCMC) coalescent genealogy as implemented in the software Lamarc Vs. 2.0.1 

(Kuhner 2006). Bayesian and maximum likelihood (ML) analyses were employed using five 

replicates per run over five different runs, implementing one initial and final chain, a different 

random number seed and five heating temperatures (1, 1.1, 1.2, 1.3, 1.4) for each run. The 

burn-in option was used to allow the first 5% of each chain to be discarded and avoid 

unreasonable results as recommended in Kuhner et al., (2005). In order to estimate migration 

rates with accuracy in reasonable time, the sample size for Northland was reduced to n = 70 

by random selection (Kuhner et al., 2005).  
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2.3.8  Worldwide phylogeography 

A network of the worldwide haplotype dataset was constructed using the statistical parsimony 

methodology described in Templeton et al., (1992), as implemented in the software TCS Vs. 

1.13 (Clement et al., 2000). This method estimates an unrooted tree and provides a 95% 

plausible set for all sequence type linkages within the tree, with gaps considered as a fifth 

character state. To resolve any ambiguities (loops), I used the three criteria derived from the 

coalescent theory (Crandall and Templeton 1993; Crandall et al., 1994; Templeton and Sing 

1993): 1) frequency: high-frequency sequences are more likely to have been present in the 

population for a longer period of time; therefore low-frequency sequences are more likely to be 

connected to sequences with high frequency; 2) topology: sequences are more likely to be 

connected to interior sequences than to tip sequences; and 3) geography: sequences are more 

likely to be connected to sequences from the same population or region, rather than to 

sequences occurring in distant populations.  

 

2.4 Results 

2.4.1 Phylogeography, genetic diversity and female migration rates among 

New Zealand populations 

Analysis of the 647 bp consensus fragment from the mtDNA control region sequences (n = 

193; 16 samples from strandings were excluded from this analysis, refer to methods) 

representing the three New Zealand populations revealed 24 unique maternal lineages 

(haplotypes; GenBank accession numbers: EU276389 to EU276412), defined by 52 variable 

sites. Overall, there were 46 transition substitutions, five transversion substitutions (including 

one site with both a transition and transversion) and two single-base insertion-deletions. The 

model of sequence evolution best fitting the dataset was HKY + I (Hasegawa et al., 1985). The 

estimated Tv/Ti ratio was 49.3 and estimated proportion of invariable sites (I) was 0.91. 

 

Phylogenetic reconstructions (both NJ and MP) did not show a pattern of reciprocal monophyly 

or fixed nucleotide differences among populations, although strong frequency differences were 

observed. Most haplotypes were found in only one region: 15 unique to Northland, seven to 

Marlborough Sounds and six to Fiordland. Only one haplotype was shared among the three 

populations. Another haplotype was shared between Marlborough Sounds and Fiordland and 

a third was shared between Northland and Marlborough Sounds (Figure 2-2).  
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Figure 2-2. Phylogenetic reconstruction (Neighbour-joining with HKY + I distance correction) of 

bottlenose dolphin mtDNA control region sequences, with bootstrap support (> 50 %) and rooted to the 

rough toothed dolphin (Steno bredanensis). Shared haplotypes are shaded. Abbreviations: N = 

Northland, MS = Marlborough Sounds, F = Fiordland 

 

As expected from the strong frequency differences in haplotypes, the AMOVA results showed a 

high level of differentiation among the three regional populations (FST = 0.171; p < 0.001; 

ФST = 0.206; p < 0.001). Pairwise FST and ФST comparisons showed that all three populations 

differed significantly from one other (Table 2-2). This was confirmed by an exact test of 

population differentiation based on haplotype frequencies. For such diverse populations, FST 

values are likely to be less informative regarding population divergence than ФST, which 
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incorporates both haplotype frequency and sequence divergence among haplotypes (Excoffier 

et al., 1992). 

 

Table 2-2. Pairwise FST (lower diagonal) and ΦST (upper diagonal) with their respective p values for the 

three New Zealand T. truncatus populations. Abbreviations: N = Northland, MS = Marlborough 

Sounds, F = Fiordland 

 Northland 

n = 127 

Marlborough Sounds 

n = 42 

Fiordland 

n = 24 

N  0.194  (p <0.05) 0.197 (p <0.05) 

MS 0.168 (p <0.001)  0.298 (p <0.05) 

F 0.150 (p <0.001) 0.239 (p <0.001)  

 

Northland had the highest estimates of haplotipic (h = 0.88 ± 0.01) and nucleotide diversity 

(π = 1.9 % ± 1). Fiordland was the next most diverse population (h = 0.76 ± 0.07, π = 1.5 

% ± 0.8) and Marlborough Sounds was the least diverse population (h = 0.73 ± 0.04; π = 

1.4 % ± 0.7; Figure 2-2). 

 

The high level of differentiation indicated by the AMOVA was reflected in low levels of female 

migration estimated in Lamarc (Table 2-3). The ML coalescent results were discarded as 

migration rates and theta (φ) values did not stabilize over five runs, while both parameters 

stabilized when Bayesian searches were performed. Although confidence intervals (CI) 

overlapped in all pairwise comparisons, some asymmetries in exchange rate was indicated: 

relatively low rates of female migration from both Marlborough Sounds and Fiordland to 

Northland; low rates of female migration between Marlborough Sounds and Fiordland; and 

rates of female migration from Northland to Marlborough Sounds and to Fiordland were 

estimated to be several-fold higher than the reverse migration (Table 2-3). 

 

 

 

 

 

 

 

 



Chapter 2: Population structure and genetic diversity 

70 

Table 2-3. Most probable estimates (MPE) of female migration rates per generation (Nmf) using Bayesian 

analysis between the three T. truncatus populations in New Zealand. Abbreviations: N = Northland,   

MS = Marlborough Sounds, F = Fiordland, CI = confidence interval 

 

2.4.2 Worldwide T. truncatus genetic diversity and population structure 

To explore the phylogeographic relationship of New Zealand bottlenose dolphins to other 

populations worldwide, I analyzed a total of 586 samples representing 19 regional populations 

(Appendix 8.2). The total length of sequences varied from 294 bp to 720 bp, allowing a 

consensus length of 391 bp for all analyses. For sequences shorter than 391bp, haplotype 

identity was inferred from the available length. Although some potentially variable sites were 

not available for sequences less than 391 bp, visual inspection of the dataset showed that there 

was no ambiguity in defining unique haplotypes. However, three New Zealand haplotypes 

collapsed (NZ-FJB2 with NZ-N18, NZ-F10 with NZ-F02 and NZ-N38 with NZ-N05) when 

sequences were shortened to 391 bp. Examination of this 391bp fragment revealed 89 

variable sites defining 135 unique haplotypes. There were 82 transition substitutions, nine 

transversion substitutions (including two sites showing both a transition and a transversion) and 

four single-base insertion-deletions. For analyses of population structure and diversity, five 

regions represented by low sample numbers (a total of seven samples of five haplotypes) were 

excluded, bringing the total number of samples analyzed to 579 and representing 130 unique 

haplotypes from 14 populations (including New Zealand, Table 2-1). 

 

Haplotypic diversity of the 14 populations ranged from h = 0.43 ± 0.11 for the Western North 

Atlantic ‘inshore’ (WNAi) to h = 0.95 ± 0.04 for China (‘unknown’) while nucleotide genetic 

diversity ranged from to π = 0.5 % ± 0.30 for Bahamas (‘inshore’) to π = 2.2 % for the 

Caribbean, Hawai‘i, New Zealand (‘unknown’) and Western North Atlantic ‘offshore’ (Table 2-

1).  

 

Overall, regional populations were highly differentiated (FST = 0.16 and ФST = 0.34; p 

<0.0001). After applying sequential Bonferroni corrections most pairwise comparisons 

To Migration from 

Northland Marlborough Sounds Fiordland 

N  3.99; (CI = 0.44-20.52) 4.89;(CI =0.02-20.32) 

MS 0.40; (CI = 0.03 -2.36)  0.31;(CI =0.00 - 3.12) 

F 0.19; (CI = 0.00 -1.70) 0.29; (CI =0.00 - 2.01)  
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remained significant for both FST (71 out of 91) and ФST (83 out of 91; Table 2-4). The small 

sample size of some populations (i.e., Palmyra Atoll n=11, Gulf of Mexico n=10, Bahamas n 

= 7; Table 2-1) may explain these non-significant results. There were few shared haplotypes 

among regional populations worldwide suggesting low levels of female migration). Among 

oceans, there was one shared haplotype between Japan (North Pacific) and New 

Zealand/Samoa (South Pacific), four between Hawai‘i /Palmyra Atoll (North Pacific) and the 

Republic of Kiribati (South Pacific) and one between Palmyra Atoll (North Pacific) and French 

Polynesia (South Pacific; Appendix 8.2). No haplotypes were shared between the Atlantic and 

Pacific Oceans. 
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Table 2-4. Pairwise FST (lower diagonal) and ΦST (upper diagonal) for 14 regional bottlenose dolphin populations worldwide (populations with < 5 samples were 

excluded). After Bonferroni correction (p < 0.00055) some pairwise comparisons were not-significant (indicated in bold). Abbreviations: NZ = New Zealand, KI = 

Republic of Kiribati, Ja = Japan, Ch = China/Taiwan, Hi = Hawai‘i , PA = Palmyra Atoll, GM = Gulf of Mexico, Ca = Caribbean, Ba = Bahamas, WNAi = 

Western North Atlantic ‘inshore’, WNAo = Western North Atlantic ‘offshore’, ENA = Eastern North Atlantic, MS = Mediterranean Sea, WA = West Africa. 

 NZ KI Ja Ch Hi 

 

PA GM Ca Ba WNAi WNAo ENA MS WA  

New Zealand 
  0.255 0.174 0.134 0.059 0.196 0.468 0.267 0.473 0.523 0.132 0.364 0.166 0.205 

Kiribati 
0.125  0.612 0.551 0.349 0.149 0.817 0.576 0.815 0.813 0.466 0.767 0.523 0.619 

Japan 
0.150 0.204  0.124 0.183 0.550 0.677 0.488 0.717 0.767 0.328 0.643 0.437 0.485 

China 
0.071 0.109 0.127  0.100 0.461 0.650 0.440 0.667 0.737 0.226 0.620 0.340 0.434 

Hawai‘I  
0.111 0.141 0.161 0.093  0.290 0.517 0.315 0.515 0.585 0.159 0.435 0.205 0.273 

Palmyra Atoll 
0.091 0.055 0.173 0.068 0.110  0.706 0.379 0.675 0.721 0.323 0.646 0.308 0.428 

Gulf of Mexico 
0.117 0.164 0.201 0.097 0.142 0.123  0.470 0.669 0.769 0.581 0.771 0.597 0.707 

Caribbean 
0.127 0.174 0.210 0.110 0.152 0.136 0.168   0.438 0.631 0.201 0.439 0.202 0.189 

Bahamas 
0.111 0.159 0.199 0.089 0.137 0.115 0.112 0.163  0.711 0.532 0.753 0.569 0.683 

WNAi 
0.276 0.382 0.389 0.325 0.308 0.385 0.418 0.414 0.432   0.624 0.762 0.640 0.727 

WNAo 
0.105 0.146 0.181 0.086 0.129 0.109 0.138 0.149 0.131 0.356  0.380 0.100 0.144 

ENA 
0.169 0.224 0.251 0.166 0.194 0.195 0.224 0.232 0.223 0.413 0.194   0.222 0.369 

MS 
0.080 0.119 0.157 0.056 0.103 0.077 0.107 0.113 0.099 0.345 0.095 0.102  0.089 

WA 
0.165 0.220 0.251 0.157 0.191 0.189 0.220 0.229 0.219 0.447 0.194 0.235 0.072   
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2.4.3 Population structure by ecotype and ocean basin 

I considered population differentiation for two higher order groupings: ecotype and 

ocean basin (Table 2-1). Unfortunately, a hierarchical analysis of these two groupings 

was not possible because of the imbalance of ecotype classification within oceans. 

Instead, we conducted two non-hierarchical AMOVA analyses including the entire 

dataset. Pairwise FST and ФST comparisons by ecotype (‘inshore’, ‘offshore’ and 

‘unknown’) showed that all three were significantly different, irrespective of ocean origin 

(overall FST = 0.110; ФST = 0.344, p <0.0001 for both; Table 2-5); FST and ФST values 

showed far less difference between the ‘offshore’ and ‘unknown’ ecotypes than either of 

those to the ‘inshore’ ecotype. This pattern was mirrored in the net and gross average 

sequence divergences (2-6). ‘Unknown’ and ‘offshore’ ecotypes presented higher values 

of genetic diversity than the ‘inshore’ ecotype at both the haplotype and nucleotide level 

(‘unknown’: h = 0.97 ± 0.002, π = 2.8 % ± 1.4; ‘offshore’: h = 0.88 ± 0.05, π = 

2.2 % ± 1.2 and ‘inshore’: h = 0.76 ± 0.006, π = 1.9 % ± 1.0). 

 

Table 2-5. Pairwise FST (lower diagonal) and ФST (upper diagonal) of T. truncatus ecotypes: 

‘inshore’ (I), ‘offshore’ (O) and ‘unknown’ (U). For all comparisons p < 0.001. 

 ‘Inshore’ (I) 

n = 46 

‘Offshore’(O) 

n = 47 

‘Unknown’ (U) 

n = 493 

I  0.392 0.423 
O 0.184  0.079 
U 0.121 0.071  

 

Table 2-6. Average net (da; lower diagonal), gross (dxy; upper diagonal) sequence divergence 

between populations and within population diversity (dx and dy; diagonal) among New Zealand 

(NZ), published ‘inshore’, ‘offshore’ and ‘unknown’ ecotypes including standard errors (SE). 

 New Zealand 

n = 209 

‘Offshore’ 

n = 25 

‘Inshore’ 

n = 46 

‘Unknown’ 

n = 306 

NZ 2.5% (SE = 0.7) 2.8% (SE = 0.7) 4.6% (SE = 1.2) 2.8% (SE = 0.7) 
‘Offshore’ 0.5% (SE = 0.2) 2.1% (SE = 0.6) 4.2% (SE = 1.1) 2.7% (SE = 0.7) 
‘Inshore’ 2.4% (SE = 0.9) 2.1% (SE = 0.8) 1.7% (SE = 0.5) 4.4% (SE = 1.1) 
‘Unknown’ 0.1% (SE = 0.1) 0.3% (SE = 0.1) 1.9% (SE =  0.6) 2.6% (SE = 0.7) 
 

Pairwise FST and ФST comparisons confirmed that the three ocean basins were significantly 

different, irrespective of ecotype classification (overall FST = 0.067; ФST = 0.174, p < 

0.0001 for both; Table 2-7). Overall, pairwise ФST were higher than FST values as a result 

of high haplotypic diversity within populations and some extent of sequence divergence 

among populations. 
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Table 2-7. Pairwise FST (lower diagonal) and ФST (upper diagonal) of T. truncatus by ocean basins. 

Abbreviations: AO = Atlantic Ocean, NP = North Pacific and SP = South Pacific. For all 

comparisons p <0.001. 

 North Pacific  

n = 192 

South Pacific 

n = 236  

Atlantic Ocean  

n = 158 

NP  0.063 0.251 
SP 0.070  0.216 
AO 0.067 0.063  

 

Slightly higher values of genetic diversity at both the haplotype and nucleotide level were 

found in the AO (h = 0.95 ± 0.008, π = 2.8 % ± 1.4) compared to the NP (h = 0.93 

± 0.008, π = 2.2 % ± 1.1) or the SP (h = 0.92 ± 0.06, π = 2.6 % ± 1.0). 

 

2.4.4 New Zealand compared to worldwide populations 

At a regional level, a dendogram reconstruction based on sequence divergence (da) 

among worldwide populations suggested that New Zealand was more divergent from 

those populations found in the Atlantic Ocean than from those in the Pacific Ocean 

(Figure 2-3). In terms of ecotype, New Zealand and the CWP were more divergent from 

populations described as ‘inshore’ (WNAi, Gulf of Mexico and Bahamas) than from the 

‘offshore’ form (WNAo; Table 2-5), regardless of the habitat where samples were 

collected (coastal or pelagic) or ocean basin.  

 
Figure 2-3. Dendrogram showing mtDNA control region sequence divergence (da) among 

worldwide regional populations of bottlenose dolphins based on a mid-point rooting neighbor-

joining reconstruction. ‘Inshore’ and ‘offshore’ populations refer to the origins of sequences of 

known ecotype. Abbreviations: WNAo = Western North Atlantic ‘offshore’, WNAi = Western 

North Atlantic ‘inshore’ 
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2.4.5 Worldwide phylogeography 

A statistical parsimony analysis revealed a very complex network of haplotypes with 31 

closed loops, including six sequences connected to more than seven other sequences 

each. There were seven loops that could be resolved in more than one way potentially 

leading to different connections among haplotypes. There was no obvious pattern of 

monophyly of mtDNA lineages by ocean basin, regional population or ecotype (Figure 

2-4). However, samples described as ‘inshore’ in the literature (WNAi, Gulf of Mexico 

and Bahamas) clustered together while ‘offshore’ or ‘unknown’ ecotype origin haplotypes 

were scattered throughout the reminder of the network. Two haplotypes sampled in the 

Caribbean (Car-PR610 and Car-PR616) that were of ‘unknown’ ecotype origin shared 

one fixed difference with the ‘inshore’ group, suggesting these samples belonged to the 

‘inshore’ ecotype.  
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Figure 2-4. Worldwide parsimony network of T. truncatus mtDNA control region haplotype sequences based on 19 regional populations of ‘inshore’, ‘offshore’ or ‘unknown’ 

ecotype origin. Missing or un-sampled intermediaries are shown by a small oval (O). Regional origins of haplotype sequences are indicated in the legend and in  Appendix 8.2 
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2.5 Discussion 

This study presents one of the most comprehensive analyses of mtDNA structure and diversity of 

bottlenose dolphins to date in terms of sample size (586 individuals) and geographic sample 

coverage (19 populations) spanning three ocean basins. This study includes and expands on 

the analysis of mtDNA by Natoli et al., (2004) by greatly increasing the sample size and 

geographic coverage for the Pacific Ocean. The scope of the analyses allowed me to place the 

regional differences found among New Zealand coastal populations in a worldwide context. 

 

2.5.1 Coastal New Zealand populations are isolated but retain surprisingly 

high diversity 

Results from this study confirmed a high degree of isolation among New Zealand coastal 

populations. Significant population structure over relatively small geographic distances has 

been documented in several T. truncatus populations inhabiting coastal areas, including those 

along the coasts of the Gulf of Mexico (Duffield and Wells 1991; Sellas et al., 2005), the 

Bahamas (Parsons et al., 2006) and Western Australia, although the latter included individuals 

of uncertain taxonomy (Krützen et al., 2004). Parsons et al., (2006) suggested that the scale of 

population subdivision in this species reflects the genetic consequences of their social system 

and site fidelity. Bottlenose dolphins form stable, long-lasting associations, with individuals 

often showing strong site fidelity (Wells 1991), even in pelagic groups (Rossbach and Herzing 

1999). However in New Zealand, the only population that shows a high degree of local site 

fidelity is Doubtful Sound in Fiordland (Lusseau 2003b; Schneider 1999). In the Bay of Islands, 

where the population has been studied intensively, there are no resident individuals, but rather 

a subset of regular users and infrequent visitors (Constantine 2002). A similar pattern seems to 

occur in Marlborough Sounds (Merriman 2007). 

 

Despite restricted female migration and significant population structure, all New Zealand 

populations showed relatively high genetic diversity (overall h = 0.91, π = 2.2%) given their 

relatively small population sizes and degree of isolation. Natoli et al., (2004) reported 

haplotype diversity values ranging from h = 0.43 to 0.72 for coastal T. truncatus populations, 

and from h = 0.73 to 0.94 for pelagic ones, concluding that coastal populations had 

comparatively lower genetic diversity. Krutzen et al., (2004) analyzed 220 mtDNA control 

region sequences from coastal Tursiops spp. from Western Australia and identified only eight 

unique haplotypes with a diversity of h = 0.66. In contrast, the analysis of 127 mtDNA control 

region sequences from Northland represented 15 unique haplotypes with a value of h = 0.88. 

The relatively high genetic diversity encountered in New Zealand, particularly Northland, is not 
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explained by current population sizes or rates of female migration between local populations; 

the same pattern of high diversity was observed in most populations worldwide, except for 

those described as belonging to the ‘inshore’ ecotype. 

 

2.5.2 Bottlenose dolphins experience long-distance gene flow 

Results from a test of differentiation and the haplotype network suggested that restricted gene 

flow with long-distance dispersal events occurs between all populations except for those 

described as ‘inshore’ ecotypes in the Western North Atlantic. The extent of movement by 

pelagic T. truncatus populations is poorly understood but it is thought to include at least 

occasional long-distance movements (Leatherwood and Reeves 1982; Wells et al., 1999). A 

recent study in the North Atlantic suggested that pelagic bottlenose dolphins are able to 

maintain high levels of gene flow over large distances (Quérouil et al., 2007). Additionally, 

Goodall et al., (2004) reported strandings of six bottlenose dolphins along the coast of Tierra 

del Fuego (55ºS) and one live sighting in the Beagle Channel (Tierra del Fuego), suggesting 

that there is potential for ongoing interchange between the South Atlantic and South Pacific 

Oceans.  

 

2.5.3 Habitat specialization and ‘ecotypes’ occur independently between 

oceans  

As suggested by Natoli et al., (2004), the divergence of ‘inshore’ WNA populations could have 

occurred for a variety of reasons including founder events from pelagic populations with 

subsequent philopatry. Without genetic input from other sources, small isolated populations are 

prone to the effects of genetic drift diverging from the parental population and losing genetic 

diversity over time (Lacy 1987). On the other hand, differences in resource use could lead to 

assortative mating or ecological separation resulting in genetic differentiation (Hoelzel 1998). 

 

Analyses conducted here showed that populations described as the ‘inshore’ ecotype are highly 

differentiated from all other populations worldwide and restricted to the WNA, supporting 

previous suggestions that this ecotype could represent a different species or subspecies. 

Differences in ecology (distribution, foraging, and parasite load), morphology and genetics led 

Mead and Potter (1990) to suggest that the WNA ‘inshore’ and ‘offshore’ ecotypes could be 

considered different species. Using nuclear markers (AFLP= amplified fragment length 

polymosphism), Kingston and Rosel (2004) found that ‘inshore’ and ‘offshore’ ecotypes of T. 

truncatus in the WNA exhibited greater divergence than the two different species of common 

dolphin (Delphinus delphis and D. capensis), also suggesting that the two ecotypes could 
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represent different species. Interestingly, in the Indian Ocean and some (but not all) regions of 

the Pacific Ocean, populations thought to represent T. aduncus fill the ecological niche of this 

‘inshore’ T. truncatus ecotype. 

 

2.5.4 T. truncatus ‘offshore’ and ‘unknown’ ecotypes are evolutionary 

interconnected 

Bottlenose dolphins found in coastal waters of New Zealand and CWP were genetically more 

divergent from those populations classified as ‘inshore’ than from those classified as the 

‘offshore’ ecotype as described in the WNA. The WNA ‘offshore’ ecotype seems to be 

genetically related to a number of worldwide haplotypes from populations found in coastal and 

pelagic habitats suggesting that, in contrast to the WNA ‘inshore’ ecotype, its origins are not 

habitat specific. This supports the hypothesis that habitat use and ecotype have evolved 

independently in different oceans. If so, the pattern and evolutionary processes leading to 

highly differentiated ecotypes in the WNA are not entirely representative of T. truncatus 

worldwide. Moreover, T. truncatus populations described as ‘offshore’ and ‘unknown’ ecotypes 

present relatively high levels of genetic diversity and degree of isolation regardless of 

population habitat use; however these populations seem to be interconnected through 

restricted gene flow. A similar pattern was observed in another worldwide distributed dolphin 

species such as spinner dolphins from French Polynesia (Stenella longirostris longirostris). 

Significant genetic differentiation and demographic isolation among neighboring communities 

indicated restricted gene flow; however, the high levels of genetic diversity found contrasted 

with this isolation suggesting instead, a metapopulation structure (Oremus et al., 2007).  

 

Alternatively, genetic diversity values observed in T. truncatus populations worldwide (except for 

those described as ‘inshore’ ecotype) could reflect founder events due to recent colonization of 

coastal habitats. In this case, the observed values of genetic diversity would be a signal of the 

historical polymorphisms contained in large pelagic populations. However, such diversity 

values are unlikely to persist in small isolated populations without additional influx from other 

sources. 

 

2.6 Conclusion 

Results of this study suggest that the divergence of ‘inshore’ populations and the formation of 

ecotypes in the Western North Atlantic do not necessarily reflect the worldwide pattern of T. 

truncatus; moreover, habitat specialization seem to have occurred independently in different 

ocean basins. Distinct ‘inshore’ populations are highly differentiated and restricted to the WNA, 
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potentially representing a different taxonomic unit. All other populations showed significant 

differentiation of mtDNA lineages among worldwide regions including relatively high mtDNA 

diversity; however, they were not phylogeographically distinct. These results suggest that 

‘offshore’ and ‘unknown’ ecotypes are interconnected through long-distance gene flow and/or 

by interchange with pelagic populations. It is not clear what evolutionary processes have led to 

this pattern (e.g., foraging or reproductive strategies, environmental factors, social structure). 

Future research is needed to characterize potential pelagic populations of T. truncatus that 

might be linking coastal regions in the North and South Pacific Oceans. Independent lines of 

evidence (e.g. nuclear DNA markers and morphology, Caballero et al., 2008) would aid in 

better describing different ecotypes or taxonomic units of this highly versatile species throughout 

its range. 
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3 CHAPTER: ANALYSIS OF GROUP DYNAMICS, 

PATTERN OF HABITAT USE AND COMPOSITION OF 

MATERNAL LINEAGES OF BOTTLENOSE DOLPHINS 

IN THE BAY OF ISLANDS  

 

 

 

A group of female bottlenose dolphins in the Bay of Islands 

Photo: © G. Tezanos-Pinto  
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3.1 Abstract 

Since 1994, the life histories of 408 bottlenose dolphins have been documented in the Bay of 

Islands by cataloguing their natural individual identification marks. Here, the dynamics of the 

population are explored through analyses of group size, composition, resighting rates and 

habitat use. The analysis presented in this chapter focus on two periods of consistent research 

effort (1997-99 and 2003-05) and test potential changes in use of the area over time. Genetic 

analysis of skin samples (n=131) collected with a biopsy system provided additional 

information on sex and mtDNA. 

 

The 1997-99 dataset from Constantine (2002) contained a total of 1,711 sighting records of 

258 individual dolphins, of which 39% were newly added to the existing photo-identification 

catalogue (n = 101), and the rest (n = 157), were re-sightings of previously catalogued 

dolphins. The 2003-05 dataset contained a total of 1,889 sightings records of 159 individual 

dolphins. Overall, 98 dolphins sighted during 1997-99 were resighted during 2003-05. There 

were 20 individuals resighted during 2003-05 that were catalogued from previous surveys 

(1994-96) but were not sighted during 1997-99, 2 individuals added into the catalogue 

during 2002 that were re-sighted during 2003-05 and 39 new individuals added into the 

catalogue during this period. 

 

Encounters with dolphins increased significantly (P < 0.001) from 69.5% (n = 246) during 

1997-99 averaging 1.21 group/day (SD=0.46) to 87.1% encounters (n = 189) averaging 

1.56 groups/day (SD =0.77) during 2003-05. There were more individually identified 

dolphins using the Bay of Islands during 1997-99 when compared to 2003-05, despite a 

lower number of sightings and groups encountered for the earlier period. The size of dolphin’s 

groups varied annually and seasonally; with fewer animals sighted during winter. Groups with 

calves were three times larger than non-calf groups (median = 18, SD = 12.54 and median 

= 7, SD = 3.77 respectively). Analysis of resighting rates suggested a very dynamic pattern of 

use with few individuals sighted in the area more often than expected (i.e., frequent users; 

~20%), while most dolphins were occasional or infrequent visitors. Analysis of resighting rates 

of frequent users suggested a change in use of the area over time, with 40 individuals out of 

67 (60% turn-over rate) changing their pattern of habitat use between the study periods. The 

composition of maternal lineages of frequent users biopsy sampled (n=23) was not 

significantly different from other dolphins in the Bay of Islands (n=108). This result suggests 

that social affiliations, as opposed to direct kinship, play a more important role in the 

maintenance of long-term relationships between individuals. The sex ratio of the population 
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was estimated at 1.3:1 males: females with no significant differences between sexes. Sex 

information was available for 37 frequent users biopsy sampled and no differences (P = 

0.099) between sexes were detected; indicating no sex-segregation within frequent users in the 

Bay of Islands. 

 

To summarize, dolphins in the Bay of Islands are part of a very dynamic population with some 

individuals changing their pattern of habitat use over time. Annual variations in group size and 

a high turn over rate of frequent users may be attributed to a foraging strategy (changes in prey 

distribution or abundance), competition for resources, a consequence of anthropogenic 

impacts or a combination of all or some of the above. 

 

3.2 Introduction 

The availability and distribution of food resources, the degree and type of predation and the 

physical characteristics of the habitat are important sources of ecological pressure influencing 

the social structure of a population (Wells et al., 1980). The interplay between environment, 

sociality and behaviour is particularly evident when comparing bottlenose dolphins occurring in 

enclosed bays or relatively sheltered regions to populations living in open-water habitats 

(Ballance 1992; Shane et al., 1986; Wells 1991; Würsig 1978). Bottlenose dolphins 

inhabiting open waters usually sustain larger group sizes, have more expansive home ranges 

and do not show strong site fidelity (Barco et al., 1999; Defran et al., 1999; Würsig 1978). In 

contrast to open-water populations, bottlenose dolphins inhabiting enclosed bays or relatively 

sheltered regions show smaller group sizes, with comparatively limited movement patterns and 

strong site fidelity indicating a high degree of residency (Bearzi et al., 2008a; Schneider 1999; 

Shane 1980; Wells 1991; Wilson et al., 1997). 

 

The life histories of 408 individual bottlenose dolphins (Tursiops truncatus) have been 

documented in the Bay of Islands (Northland, New Zealand) since 1993 through individual 

identification photographs. Regular sightings of individuals, a high dolphin encounter rate year-

round and the presence of a dolphin-related tourism industry make the Bay of Islands 

particularly suitable for long-term studies (Constantine 1995; Constantine 2002; Mourão 

2006; Ryding 2001; Tezanos-Pinto et al., 2009). Based on a previous description (Constantine 

2002), the population is known to occur approximately 500km along the north-eastern coast, 

from Doubtless Bay to Tauranga. Infrequent sightings have been registered, possibly extending 

the range further south into Gisborne on the east coast (James Holborow; DoC Gisborne 

personal communication) and the Manukau Harbour on the west coast of the North Island (R. 
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Constantine personal communnication). Recent analyses of mtDNA control region sequences 

showed that the North Island population is genetically differentiated from the other populations 

inhabiting the Marlborough Sounds and Fiordland in the South Island. However, all New 

Zealand populations are connected through long-distance gene flow to other populations 

worldwide, resulting in high levels of genetic diversity (Tezanos-Pinto et al., 2009).  

 

Based on a previous study conducted by Constantine (2002), dolphins in the Bay of Islands are 

usually encountered in groups ranging from 2 to 50 with a median of 11.6 individuals (mean 

=14.9), consistent with other studies conducted in semi-open habitats (dos Santos and Lacerda 

1987; Würsig 1978). Groups containing calves, however, are 2.5 times larger than groups 

without calves; which has been interpreted as a strategy to minimize predation (Constantine 

2002). Re-sighting rates are very variable which results in no fully resident dolphins but a 

subset of frequent users, occasional and infrequent visitors. Frequent users were defined as 

those individuals observed more often than expected, for which the Bay of Islands represents an 

integral part of their home range. To identify frequent users, Constantine (2002) fitted a 

Poisson distribution to test the null hypothesis that individuals are sighted randomly. Based on 

this, a relatively small percentage of the population were identified as frequent users (n=59 or 

21%; dolphins ≥ 8 sightings per lunar month; Constantine 2002).  

 

The abundance of the North Island population was estimated during 1997-99 at 446 adults 

(CI = 418 – 487) based on photo-identification surveys conducted in the Bay of Islands 

(Constantine 2002). However, dolphins move further along the coast and seem to have 

overlapping home-ranges over a larger area than previously assumed, with at least two 

preferred sites including the Bay of Islands and the Hauraki Gulf (240 km south, Berghan et 

al., 2008). Investigation of social affiliations revealed a fission-fusion pattern of social structure 

characterized by significant long-term associations between pairs or trios sighted together for 

up to ten years (Mourão 2006). There are two levels of associations, including a short-term 

casual acquaintance and a constant long-term companion, with preferred and avoided groups 

including intra and inter-sexual associations (Mourão 2006). These patterns resemble 

associations reported in populations inhabiting enclosed habitats such as Doubtful Sound 

(Fiordland, New Zealand) and Sarasota Bay (USA, Lusseau et al., 2003; Shane 1980; Wells 

1991).  

 

Bottlenose dolphins inhabiting the North Island of New Zealand present a unique opportunity 

to investigate the dynamics and ecological plasticity of the species. Along the north-eastern 



Chapter 3: Group dynamics, habitat use and maternal lineages 

 85  

coast of the North Island, the population is exposed to a wide range of habitats including 

open-waters, estuaries, rivers, mangroves, reefs and shallow embayment. Here, the dynamics 

of bottlenose dolphins using the Bay of Islands are investigated over two comparative time-

periods (1997-99 versus 2003-05) to detect potential changes in use of the area through 

analyses of encounters, residency patterns, group size and composition. The composition of 

frequent users’ maternal lineages and the sex ratio of the population are explored to test 

whether a particular lineage or sex exhibits preferential use of the Bay of Islands.  

 

3.3 Materials and Methods 

3.3.1 Study area 

Research surveys were conducted in the Bay of Islands (35.14 S, 174.06 E; Figure 3-1) in 

Northland, New Zealand. The Bay of Islands is an open embayment covering an area of 

approximately 244 km2 that contains large estuaries including varying hydrological conditions 

ranging from estuarine to oceanic (Booth 1974). Along the coast of the north-eastern North 

Island, sea surface temperature (SST) ranges from 13.5° C in winter to 21° C in summer with a 

yearly average of 17° C (data courtesy of Leigh Marine laboratory, Appendix 8.1). Further 

details of the study area are provided in Chapter 1 (Introduction).  

 
Figure 3-1. Map of New Zealand including the three bottlenose dolphin populations. Insert: the Bay of 

Islands including the inner and outter bay, four inlets and major towns. 

 

3.3.2 Photo-identification surveys 

Surveys were conducted from small boats and permitted tour boat operators. At the start of 

each survey, date, departure time, location, weather conditions (wind speed and direction) and 

cloud cover were recorded on a datasheet. When dolphins were located, they were 

approached to within 300 m. However, photo-ID was conducted from a closer distance 
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(<10m). At the start of each encounter start time, GPS position (using a Garmin 45XL GPS), 

group size and composition, behaviour and individual photo-identification data were collected. 

Photographs were taken using a Canon EOS 35 mm (from March 2002 to April 2005) using 

200 and 400 ASA colour film and a Canon digital Rebel (from April 2005 to May 2006). Both 

were equipped with a Tamron 200-400 zoom lens. Attempts were made to collect photo-

identifications of each individual in the group without showing bias towards marked or 

unmarked individuals (Würsig and Jefferson 1990). At the end of each encounter a ‘blank’ or 

‘spacer’ shot was taken to minimize the chance of mixing photographs from different 

encounters. At the end of each encounter, the time, GPS position, film and frame number were 

recorded. 

 

3.3.2.1 Surveys conducted from permitted tour boat operators 

Similar survey methodologies were employed during 1997-99 and 2003-05 from both tour 

boat and independent research vessels (Constantine 2002). Photo-identification was also 

conducted from commercial tour boats. Boats ranged from 12 to approximately. 20 m in 

length and were diesel powered jet or propeller driven. Surveys did not have a predetermined 

route (i.e., non-systematic) and boats searched for groups of dolphins at cruising speed of 15 - 

20 knots. Depending on the season, the number of permitted tour operators searching for 

dolphins ranged from 1 to 7 boats, providing a good searching effort throughout the study 

area. Photo-identification surveys were conducted in the morning (from 08:00 to 12:00), 

afternoon (12:30 to 16:30) or both. Groups of dolphins were usually approached parallel to 

or from behind at very close distance (<2m) and all relevant data were recorded. No biopsy 

samples were collected from commercial tour boats.  

 

3.3.2.2 Independent research vessel surveys 

The primary vessel for directed research was a 4.7m inflatable boat powered by a 50hp two-

stroke outboard engine. Speeds of around 10-15 knots were used to search for dolphins. 

When an encounter occurred the research vessel approached the group of dolphins from 

behind or from the side to travel in the same direction as the dolphins. The boat travelled at 

low speed (< 5 knots) or matching the speed of the dolphins. These actions minimised 

disturbance to the study animals. Usually, the research boat communicated with tour boats to 

increase the search area. When dolphins were located the other boats were notified; there was 

no predetermined route (i.e., non-systematic). Surveys lasted all day depending on weather 

conditions and availability of fuel. If weather conditions deteriorated (e.g., wind speed 
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increased, permanent heavy rain, rough sea), the survey was suspended or discontinued for the 

day.  

3.3.2.3 Biopsy sampling and genetic analysis 

Biopsy sampling was conducted in the Bay of Islands from July 2003 to May 2006 from the 

independent research vessel. Small skin samples were collected using a biopsy system as 

described by Krützen and collaborators (2002) and preserved in 75% ETOH. To evaluate 

potential responses to the sampling collection technique, individual and group behavioural 

states, events and their duration were recorded before and after sampling attempts following a 

protocol adapted from Krützen et al., (2002) and Schneider et al., (1998, Appendix 8.5). Most 

reactions were categorised as mild and were instant; further evaluation of resighting rates of 

biopsy sampled dolphins suggested no changes in habitat use, indicating that biopsy sampling 

caused no long-term behavioural effects (Appendix 8.5). Biopsy samples were collected under 

permit to C. Scott Baker from the New Zealand Department of Conservation and animal ethics 

protocols (AEC/02/2002/R9 and AEC/02/2005/R334) from the University of Auckland. 

 

The composition of maternal lineages and sex of frequent and non-frequent users was explored 

to evaluate the possibility that a particular (i) maternal kin or (ii) sex may preferentially use the 

Bay, using (i) mitochondrial DNA (mtDNA) control region sequences (i.e., haplotypes) to 

determine maternal lineages, and (ii) molecular identification of individuals by sex. This was 

possible through the implementation of a photo-identification protocol conducted in 

conjunction with biopsy sample collection that allowed the linking of genetic and demographic 

information (refer to biopsy sampling and photo-identification). 

 

Molecular methods are described in detail in Chapter 2. Briefly, total genomic DNA was 

isolated from skin samples and the mtDNA control region was amplified using the primers 

light-strand tPro-whale Dlp-1.5 with the addition of an M13 tag to the 5’ end (Dalebout et al., 

1998) and heavy strand Dlp-8G (Pichler et al., 2001). Variable sites of unique haplotypes were 

confirmed by sequencing the heavy strand using primer Dlp-8G. Sequence alignments were 

performed using Sequencher ™ (Vs. 4.1.2, Genes Codes Corp., Ann Arbor, MI, USA) and 

edited manually. Unique haplotypes were identified using the software MacClade Vs. 4.06; 

(Maddison and Maddison 2003). The sex of biopsy sampled dolphins was identified by 

amplification of a fragment of the sry gene multiplexed with fragments of the ZFY/ZFX genes as 

a positive control, as described by Gilson et al., (1998). An exact test of population 

differentiation based on haplotype frequencies (Raymond and Rousset 1995b) using 10,000 



Chapter 3: Group dynamics, habitat use and maternal lineages 

 88  

permutations was performed in Arlequin Vs. 2.001 (Schneider et al., 2000) to test the null 

hypotheses that maternal lineages and sexes were randomly distributed between frequent and 

non-frequent users. 

3.3.2.4 Biopsy sampling and photo-identification 

An attempt was made to photo-identify the targeted dolphin during each biopsy attempt. A 

protocol designed specifically for this purpose involved a photographer standing near the 

biopsy sampler and photographing the individual that was being biopsy sampled. Photo-

identification of non-target dolphins was not conducted while biopsy sampling. Therefore, when 

a biopsy dart was aimed at a dolphin (i.e., a biopsy attempt) a photograph of the targeted 

individual was obtained simultaneously, the dart was retrieved and all relevant data were 

immediately recorded. Data gathered included: date, time, hit or failed attempt, air pressure 

used, photograph frame number, biopsy dart number, group size and composition, GPS 

position, place and side of the body hit by the dart, distance to the dolphin, behavioural 

reactions (states and events) before and after a sampling attempt from the targeted individual 

and non-targeted individuals, duration of the response and the time a sampled dolphin took to 

re-approach the boat (Appendix 8.5). If the identity of the dolphin was suspected from visual 

observation of its dorsal fin, this was also recorded.  

 

3.3.3 Photo-identification analysis 

Digital individual identification photographs collected in the field were labelled with information 

on location (BOI), year (last two digits), month, date and frame number (i.e. BOI051119-117).  

Analysis of photo-identification data included sorting photographs according to a quality scale 

(see below), grouping different photographs of the same individual and matching them to the 

existing Bay of Islands catalogue (see below). Before adding a new individual in the catalogue, 

images were checked by three researchers (Rochelle Constantine, Gabriela Tezanos-Pinto and 

Sarah Wells). When there were doubts about the identity of an individual, a fourth experienced 

researcher (Jo Berghan or Marc Oremus) was consulted. All photographs added to the 

catalogue from 2002-06 were cross-matched to the rest of the catalogue by three independent 

researchers. After a match was confirmed (or a new individual identification number was 

assigned), the data were entered into an excel datasheet that included information on 

individual identification number, date of sighting, group size and composition, GPS position 

and any other relevant observations (e.g., observed with a calf, change in mark). 
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 The Bay of Islands catalogue and all photographs collected during 2002-06 were evaluated 

for photographic quality and nick distinctiveness (refer to Appendix 8.6), to avoid false positive 

and negative errors (Stevick et al., 2001). Attributes used to rank photographic quality 

included: sharpness, angle, exposure, size and whether or not information for matching 

purposes (i.e., nick visualization) were compromised by photographic quality (Appendix 8.6). 

Pigmentation patterns, rake marks and other skin conditions were not considered sufficiently 

stable over time to allow for individual identification (Wilson et al., 1999) and therefore only 

nicks on the trailing edge of the dorsal fin were used. The only exception was one individual 

that had a malformation on the spine (ID 272, Constantine 2002); in this case the spine 

deformity was used for matching purposes.  

 

Here, a ‘sighting’ refers to an individual identification photograph obtained during an 

encounter with a uniquely identified dolphin (ID) and the associated data collected during such 

an encounter (e.g., date, encounter, GPS position). The complete individual sighting record 

constitutes the encounter history of an individual. For analysis of frequent users, daily sighting 

records were collapsed into lunar months (see below). 

 

3.3.4 Catalogue description 

‘The Bay of Islands catalogue’ refers to a curated collection of photographs of individually 

identified bottlenose dolphins in a single reconciled database. A detailed description of the 

catalogue and contributors is provided in Chapter 1. Briefly, the catalogue contains the best 

image of a dorsal fin of a unique individual; in some cases two photographs (right and left 

sides) are available. The photographic quality of the images used in the catalogue and the 

distinctiveness of nicks used for individual identification purposes have been evaluated using a 

quality scale (Appendix 8.6). The quality control review resulted in the exclusion of 40 

individuals (and their associated sighting data) that were included in some previous analyses 

(Constantine 2002; Mourão 2006; Ryding 2001), leaving a total of 408 individually identified 

dolphins in the catalogue. An updated digital version of the catalogue is provided in Appendix 

8.9.  

 

3.3.5 Group size, age class composition and reproductive status 

A group was defined following Constantine (2002) as “any number of dolphins moving in the 

same direction, engaged in similar behaviour and within five body lengths of any other 

dolphin”. Group size was estimated visually by counting the number of surfacing individuals 

and number of individuals underwater (if water visibility allowed). For large groups 
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approximations of the minimum, average and maximum number of dolphins per group were 

made visually by one observer. The number of individuals from each age class was also stated 

(see below). When there were uncertainties about any of these variables, the data were 

excluded from analyses of group size and composition. Visual estimates made in the field were 

later compared to the total number of individually identified dolphins from photographs 

(Appendix 8.10). 

 

Age class (or group composition) was defined as neonate, calf, juvenile and adult following 

Constantine (2002, Table 3-1). It is acknowledged that visual observation may be biased as it 

is difficult to asses the size of a dolphin without the aid of a measurement tool; particularly for 

large juveniles. However, when there were uncertainties a note was made and the data were 

excluded from analyses of group size or composition. Individually identified adults were 

assumed to be reproductively mature females when they were consistently associated with a 

calf (neonate or calf) during ≥ 2 independent and consecutive encounters. In most cases, this 

was confirmed by individual identification photographs of the adult swimming in close 

association with the calf. 

 

The proportion of dolphins in each age class (neonate, calf, juvenile and adult) was estimated 

in the field through visual observations of group size and composition by one observer. For 

data collected during 1997-99, values were obtained from Constantine (2002), for 2003-05 

only data collected by Gabriela Tezanos-Pinto were used.  

 

Seasonal average sea surface temperature (SST) data were collected from 1997-99 and 2003-

05 by Leigh Marine Laboratory (University of Auckland, Appendix 8.1). A linear regression 

between SST, median and average group size per season was implemented to detect a 

potential relationship between variables. Seasons were defined as summer (December, January 

and February), autumn (March, April and May), winter (June, July and August) and spring 

(September, October and November). 
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Table 3-1. Age class criteria to classify bottlenose dolphins in the Bay of Islands (modified from 

Constantine 2002). 

Age-class Definition Example 

Neonate Obvious white dorso-ventral 
foetal folds. Darker 
pigmentation of head and 
back. Swims in ‘infant position’, 
poor motor skills and often 
uncoordinated upon surfacing 
to breathe. Lasts up to 3 
months of age. 

  
Photo: G. Tezanos-Pinto                                             Photo: M. Merriman 

Calf Measures half the size of an 
adult or less. Swims in ‘infant 
position’; paler (lighter) 
coloration in comparison to 
adults. Lasts up to 3 years of 
age. 

  
Photo: M. Richlen                                               Photo: G. Tezanos-Pinto 

Juvenile Approximately 2/3 the size of 
an adult, may swim in 
association with its mother, but 
generally not in ‘infant 
position’. Dorsal fins are usually 
unmarked. 

  
Photos: G. Tezanos-Pinto 

Adult Fully grown dolphins (i.e. 3.0- 

3.5 m length). 

  
Photos: G. Tezanos-Pinto 

 

Neonate 

Adult 

Juvenile 

Adult 

Adult 

Calf 
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3.3.6 Frequent and infrequent users 

Frequent and infrequent users of the Bay of Islands were defined following Constantine (2002), 

by fitting a Poisson distribution to test the null hypothesis that individuals were sighted randomly 

with regards to frequency. This distribution was selected given that it expresses the probability of 

a number of events occurring in period of time (e.g., lunar months) with a known average rate 

(e.g., frequency of sightings). The point at which the frequency of observed sightings exceeds 

the expected frequency of the Poisson distribution was considered to demarcate ‘frequent 

users’. Sightings were collapsed by counting one per lunar month to avoid pseudo-replication 

due to consecutive sightings of the same individual over a short-period of time. Data collected 

during 1997-99 included 38 consecutive lunar months starting on the 11th of December 1996 

to the 6th January 2000. Of these, 2 lunar months did not have data for analyses. For 2003-

05 period, data collected during 2002 and 2006 were also included. This dataset (2002-06) 

included 54 lunar months starting on the 15th December 2001 and finishing on the 26th May 

2006, but only 34 lunar months had significant data for analyses (starting in 2002). Two lunar 

months were deleted from the 1997-99 database to make periods comparable, accounting for 

a total of 34 ‘effective’ lunar months for both periods.  

 

3.4 Results 

3.4.1 Survey effort and datasets 

From December 1993 until 1st May 2006, a total of 704 surveys were conducted over 2,757 

hours of research in which 5,577 photo-identification (photo-ID) sightings were collected from 

625 groups of bottlenose dolphins (Table 3-2). Two datasets (1997-99 and 2003-05) in which 

survey effort was consistent were used, to avoid biases introduced due to incomplete survey 

effort. A comparison between the two datasets was firstly conducted to evaluate potential 

changes in habitat use or group dynamics. If differences were not significant both datasets were 

combined to provide a better estimate.  

 

3.4.1.1 Dataset 1997-99 

The 1997-99 dataset was collected by Rochelle Constantine, who conducted analyses of group 

size and composition as part of her PhD research (Constantine 2002). This dataset contained a 

total of 1,711 sightings records of 198 groups, representing 258 individual dolphins. Among 

these, 39% were new individuals added to the photo-identification catalogue (n = 101) and 

the rest (n = 157), were re-sightings of previously catalogued dolphins (1993-96).  
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3.4.1.2 Dataset 2003-05 

The data collected during this PhD research included 226 surveys conducted from 2002 to 

2006; however primary analyses are restricted to data collected during 2003-05 when effort 

was consistent. The 2003-05 period contains a total of 1,889 sightings records of 243 groups, 

representing 159 individual dolphins. A total of 98 dolphins sighted during 1997-99 were 

resighted during 2003-05. There were 20 individuals catalogued during previous surveys 

(1994-96) that were resighted during 2003-05 but were not sighted during 1997-99, 2 

dolphins added into the catalogue in 2002 that were resighted during 2003-05 and 39 ‘new’ 

individuals that were added into the photo-ID catalogue during this period. 
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Table 3-2. Summary of surveys and photo-identification effort from December 1993 until May 2006 including information on the Bay of Islands’ 

sighting database, photo-identification catalogue and biopsy sample collection; showing two primary data partitions (1997-99 and 2003-05). *Effort 

data were not available for 2000, values shown here are minimum estimates based on sighting data.  

`  93 94 95 96 97 98 99 00 01 02 03 04 05 06 Total 

Number of Photo-ID surveys 1 134 22 4 59 88 99 59* 17 21 47 91 51 16 704 

Hours on survey n/a 428 49 31.5 189 318 395 235* 56.4 84 194 367 320 90 2,757 

Groups encountered 1 94 17 4 47 79 72 n/a 16 27 57 103 83 25 625 

New individuals added 4 207 16 11 52 21 28 4 6 19 16 21 2 1  

Individuals previously catalogued 0 4 88 46 131 146 134 95 69 81 93 95 82 61  

Total # of individuals 
photographed 

4 211 104 57 183 167 162 99 75 100 109 116 84 62  

Total annual sightings 
4 819 256 93 530 727 454 260 122 182 390 860 639 241 5,577 

Cumulative number of 
individuals 

4 211 227 238 290 311 339 343 349 368 384 405 407 408 408 

Biopsy samples  -- -- -- -- -- -- -- -- -- -- 34 11 95 10 150 

Biopsy samples linked to photo-
identifications 

-- -- -- -- -- -- -- -- -- -- 8 0 41 3 52 
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3.4.2 Comparison of encounters, sightings and identified dolphins per period 

3.4.2.1 Encounters 

During 1997-99 bottlenose dolphin groups were encountered on average 69.5% of all surveys (n 

= 246) and significantly more often during 2003-05 (87.1%; n = 189; Fisher exact test P < 

0.001). During 1997-99, the average frequency of groups encountered per day was 1.21 

(SD=0.46) and increased significantly during 2003-05 (1.56 groups/day; SD =0.77; Fisher exact 

test P< 0.001).  

3.4.2.2 Sightings per period 

There were more dolphins individually identified in the Bay of Islands during 1997-99 compared to 

2003-05, despite a lower number of sightings and groups encountered (Table 3-3). 

 

Table 3-3. Number of sightings, individually identified dolphins (ID), groups encountered (average and 

median), total number of individuals photographed and surveys conducted during 1997-99 and 2003-05. 

 1997-99 2003-05 

N. of sightings 1,711 1,889 

N. of ID dolphins 258 159 

N. of groups encountered 198 243 

Average group size 16.2 17.2 

Median group size 12 12 

N. of surveys 246 189 

 

3.4.3.3 Number of individuals identified per encounter 

The highest number of individually identified dolphins per encounter for 1997-99 was 37 dolphins 

(1-37; median = 9; SD = 7.86; mean = 8, SD=1); whereas for 2003-05 it was 51 (1-51, 

median = 5; SD = 11.15; mean = 8.6, SD=1.5; Figure 3-2). Overall however, there were no 

significant differences between periods (Mann Whitney-U test, U = 0.0016; P = 0.968, df = 1). 
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Figure 3-2. Average number of individually identified dolphins per encounter (columns) including standard 

error (SE; bars in columns) and effort by years (in Hr, line) in the Bay of Islands during two time periods. 

 

3.4.3 Analysis of group size 

3.4.3.1 Group size by years 

1997-99 dataset 

Annual variations in group size during 1997-99 were detected from a total of 195 groups from 

which data were available. Median values ranged from 8 to 15 and were significantly different 

between years (Kruskal Wallis test adjusted H = 9.33, df = 2, P < 0.001; Figure 3-3). During this 

period, an annual increase in the average group size from 13 to 17.5 individuals per group was 

observed. The same trend was identified by Constantine (2002); however average group size 

estimated in this study differed from Constantine (2002) because of the removal of some groups in 

the present study that did not have photo-ID data or were assumed to be pelagic dolphins. 

Overall, average group size for 1997-99 was 16.2 individuals per group (range 2-50; 

SD=11.78; median =12; Figure 3-3). 

2003-05 dataset 

No annual variations in group size during 2003-05 were detected from a total of 203 groups from 

which data were available. Median values ranged from 15 to 10.5 but were not significantly 

different between years (Kruskal Wallis test adjusted H = 2.82, df = 2, P = 0.243). During this 

period, annual variations in average group size ranged from 14.9 individuals per group in 2003 

to 18.8 in 2004 and 16.7 in 2005. Overall, average group size for 2003-05, was 17.2 

individuals per group (range 1-60; SD=13.4; median =12; Figure 3-3).  
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Estimates of group size by years between periods (1997-99 versus 2003-05) were significantly 

different (Kruskal Wallis test adjusted H = 11.36, df = 5, P < 0.05), with an apparent higher 

frequency of larger groups (>40 individuals/group) during 2003-05. Overall, the frequency 

distribution of group size over the years presented a bi-modal distribution for some years (Figure 3-

3). Combining both periods (1997-99 and 2003-05), the average group size was estimated at 

16.7 individuals per group (range 1-60; SD=12.3; median =12). 

 
Figure 3-3. Annual variation in group size of bottlenose dolphins in the Bay of Islands. Left: Annual values 

observed during 1997-99 including the frequency distribution of group size for the combined period 

(bottom). Right: annual values observed during 2003-05 including the frequency distribution of group size 

for the combined period (bottom). The median is indicated by the arrow. 
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3.4.3.2 Group size by season 

The sizes of groups were plotted to explore seasonal use of the Bay of Islands and detect potential 

changes over time. Data collected during summer and autumn 2006 were included (6 groups 

encountered in summer and 11 in autumn) to allow a better comparison among seasons and 

between periods. Seasons were defined as: summer (December to February), autumn (March to 

May), winter (June to August) and spring (September to November). 

 

For the 1997-99 period, median group sizes ranged from a low of 12 individuals in autumn and 

winter to 20 in spring but were not significantly different among seasons (Kruskal Wallis test 

adjusted H = 3.397, df = 3, P = 0.334). Average group size during this period ranged from a 

low of 14 individuals in winter to 19.1 in spring (Table 3-4). For the 2003-05 period, median 

values ranged from a low of 10 individuals in winter to 18 in summer and were significantly 

different among seasons (Kruskal Wallis test adjusted H = 7.549, df = 3, P < 0.056). Average 

group size during this period ranged from a low of 12.3 individuals in winter to 19.1 in summer 

(Table 3-4). Combining both periods (1997-99 and 2003-05), median values ranged from a low 

of 11.5 individuals in winter and spring to 15 in summer and were not significantly different among 

seasons (Kruskal Wallis test adjusted H = 5.634, df = 3, P = 0.131); whereas average group size 

ranged from a low of 13.9 individuals in winter to 18.6 in spring. Despite the absence of 

significant seasonal variations in the median, a lower frequency of larger groups was noted during 

winter (Figure 3-4); which corresponded to a lower number of dolphins observed during this 

season (1009 in winter as opposed to 2386 in spring for both periods combined; Table 3-4). 

 

For the combined period (1997-99 and 2003-05), there was no significant relationship between 

average surface sea temperature and average group size (SST; r2=0.175, P=0.581) or median 

group size (r2=0.504, P=0.290; Table 3-4; Figure 3-4).  
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Table 3-4. Summary of group size statistics (GS= group size) by seasons for data collected during 1997-99, 

2003-05 and for both periods combined.  

 

 

Period Season Average 

SST (°C) 

Average 

GS 

Median 

GS 

SD Range N. of 

dolphins 

N. of 

groups 

N. of 

surveys 

Summer 19.69 16.7 15 12.62 2-50 887 55 86 

Autumn 19.25 16.2 12 13.14 2-50 1229 76 65 

Winter 15.25 14.0 12 8.45 3-40 589 42 54 

1997-

1999 

Spring 15.91 19.1 20 10.52 3-40 421 22 41 

Summer 18.90 19.1 18 10.7 2-45 953 50 53 

Autumn 18.91 18.4 12.5 15.5 1-55 517 28 20 

Winter 14.88 12.3 10 9.13 2-30 420 34 38 

2003-05 

(incl. 

summer/ 

autumn 

06) 
Spring 15.45 18.5 11 15.36 1-60 1965 106 94 

Summer 19.30 17.9 15 11.72 2-50 1840 105 139 

Autumn 19.08 16.8 12 13.7 1-55 1746 104 85 

Winter 15.06 13.9 11.5 8.74 2-40 1009 76 92 

Combined 

Spring 15.68 18.6 11.5 14.6 1-60 2386 128 135 
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Figure 3-4. Frequency of group size by season for both periods (1997-99 and 2003-05) combined, 

including median values (arrow). 
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3.4.3.3 Group size and presence of calves 

The number of adults in groups with calves was larger than those without calves (Figure 3-5). For 

the purpose of this analysis, data on the number of calves and neonates were subtracted from the 

estimates of group size. During 1997-99 Constantine (2002) observed that groups containing 

calves (average = 18.7, median = 16, range 2-50, SD=9.71; n=100) were 2.5 times 

significantly larger than non-calf groups (average = 8.5, median = 7, range = 2-30, SD=5.58; 

n=101. Mann Whitney-U test; U = 1172; P <0.001). 

 

Data on group composition were available for a total of 138 groups collected during 2003-06. 

Overall, groups containing calves (average = 21.2, median = 18, range= 3-60, SD = 12.54, n 

= 87) were 2-3 times larger than non-calf groups (average = 7.16, median = 7, range = 1-15, 

SD = 3.77, n = 51; Figure 3-5). A non-parametric Mann Whitney-U test showed significant 

differences in size between groups with and without calves (U=57.59; df=1; P <0.001).  
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Figure 3-5 Frequency of group size for bottlenose dolphins groups with calves (n = 87) and without (n = 

51) for data collected during 2003-06. Frequency values above bars. 

 

3.4.4 Proportion of individuals in each age class 

The proportion of individuals in each age class for the 1997-99 period was obtained from 

Constantine (2002) based on data collected on 198 groups (Table 3-5). For 2003-05, data were 

available from 122 groups (Table 3-5).  

 

 

 

 

n=138 
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Table 3-5. Proportion of individuals in each age-class as judged by body size (refer to methods) for data 

collected during 1997-99 (n=198; from Constantine 2002) and 2003-05 (n=122). n = number of 

individuals observed, % = percentage. 

 

 1997 1998 1999 Total  2003 2004 2005 Total 

Year n (%) n (%) n (%)   n (%) n (%) n (%)  

Adults 534 

(84%) 

894 

(81.9%) 

1026 

(79.8%) 

2454 

(81.5%) 

 474 

(82.3%) 

166 

(89.2%) 

829 

(86.3%) 

1469 

(85.3%) 

Juveniles 69 

(10.9%) 

107 

(9.8%) 

117 

(9.1%) 

293 

(9.7%) 

 24 

(4.2%) 

4 

(2.1%) 

48 

(5%) 

76 

(4.4%) 

Calves 

(and 

neonates) 

33 

(5.2%) 

91 

(8.3%) 

142 

(11.1%) 

266 

(8.8%) 

 78  

(13.5%) 

16 

(8.6%)  

83 

(8.6%) 

177  

10.3% 

Total 636 1092 1285   576 186 960  

 

3.4.5 Pattern of habitat use: frequent users in the Bay of Islands  

To examine patterns of frequent use, sightings were collapsed into lunar months to avoid bias due 

to pseudo-replication (refer to methods). The point at which the frequency of observed sightings 

exceeds the expected frequency of the Poisson distribution demarcates frequent users (i.e., ≥ 9 

sightings/lunar month; Figure 3-6). Occasional visitors were arbitrarily defined as those individuals 

with 3-8 sightings/lunar months and infrequent visitors as those individuals with ≤ 2 sightings/lunar 

month.  

 

Sightings of bottlenose dolphins in the Bay of Islands from 2002-06 showed the same pattern 

observed during 1997-99 (Constantine 2002) where an unexpectedly large number of individuals 

were sighted only once or twice (i.e., infrequent visitors) and a relatively small number of 

individuals were observed more than expected (i.e., frequent users; Figure 3-6). There were no 

significant differences in the frequency distribution of frequent users, occasional and infrequent 

visitors by lunar month between periods (chi-square test = 1.52; df = 2, P = 0.50). 
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Figure 3-6. Pattern of habitat use of bottlenose dolphins in the Bay of Islands. Observed frequency of 

sightings per lunar month (in orange) and expected (in green) after a Poisson distribution for data collected 

over 34 effective lunar months during 1997-99 (Panel A) and 2002-06 (Panel B). Infrequent visitors (freq. of 

sighting 1-2 per lunar month), occasional users (freq. of sighting 3-8 per lunar month) and frequent users 

(freq. of sighting > 8 per lunar month) are indicated in the figure. The black arrow indicates the median.  

 

Although the proportion of frequent users did not change, the identity of the users changed 

dramatically (Figure 3-7). During 1997-99, 50 frequent users were identified; whereas 37 

individuals were classified as frequent users for 2002-06. Of these 37 individuals, only 20 were 

classified as frequent users during 1997-99 whereas the rest (n = 17) were ‘new frequent users’ as 

they were not frequently sighted before the study period; 8 of these individuals were new additions 

to the photo-identification catalogue. There were two individuals that were not sighted for 7 to 8 
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years (ID 73, sighted on 1st June 1994 and re-sighted on 1st November 2002 and ID 78 last 

sighted on 17th August 1994 and re-sighted on 2nd August 2001) that became frequent users 

during 2002-06; one is known to be a female through molecular markers and its close association 

with a calf (Chapter 5). There were 14 frequent users from 1997-99 that were entirely absent 

during 2002-06 (Appendix 8.11); five of those individuals are known to be dead (ID’s 192, 226, 

245, 300, 348; Appendix 8.9). Overall 40 individuals were estimated to have changed the pattern 

of use of the Bay of Islands from 1997-99 to 2002-06 from a total of 67 individuals, indicating a 

turnover rate of 59.7% (Figure 3-7). 
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Figure 3-7. Individual dolphins found to be frequent users (≥ 9 sightings per lunar month) from the Bay of Islands in either 1997-99, 2002-06 or both. 

Sex identification is shown were available (second column, left. Male= ♂; Female=♀ where known). Estimated date of death is shown where available.
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No strict seasonality has been detected among frequent users. Of the 50 frequent users 

identified during 1997-99, 90% were present in all four seasons in one or more years. Among 

the individuals not sighted in all seasons (n=5), 4 were sighted during 3 seasons whereas one 

dolphin (ID 29, male) was sighted only during autumn and winter over consecutive years. Of 

the 37 frequent users observed during 2002-06, 78.4% were present in all four seasons in one 

or more years. Among the individuals not sighted in all four seasons (n=8), 6 were present in 3 

seasons, and 2 dolphins (ID 96 and ID 348, both sexed as males) were present only during 

spring and summer during ≥ 2 consecutive years. 

 

3.4.6 Maternal lineages 

3.4.6.1 Frequent users and maternal lineages 

Results from the analyses of mitochondrial DNA (mtDNA) control region of 127 biopsy samples 

revealed 15 unique maternal lineages in the Bay of Islands (haplotypes; Chapter 2), excluding 

6 replicate samples (identified by photographs). Four additional haplotype samples from 

dolphins identified in the Bay of Islands catalogue that later stranded were included in this 

analysis, resulting in a total of 131 samples representing 16 unique maternal lineages. 

 

The maternal lineages of 23 frequent users for both periods (1997-99 and 2002-06) were 

established by linking individual identification photographs (refer to methods) to biopsy 

samples. Maternal lineages of biopsy sampled frequent users were compared to those of 

dolphins sighted in the Bay of Islands to test if particular lineages among frequent users were 

more/less common than in the population overall. An exact test of differentiation based on 

haplotype frequencies (Raymond and Rousset 1995b) suggested no significant differences 

between the composition of maternal lineages of sampled frequent users relative to other 

individuals in the Bay of Islands (P = 0.802). Frequent users represented 10 different maternal 

lineages within 23 samples (Figure 3-8). This result suggests a representative sample of the 

broader population and further implies that no particular maternal lineage (i.e., maternal kin) 

is predominant in the Bay of Islands. 
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Figure 3-8.Proportion of maternal lineages in the overall Bay of Islands population (left) and those of 

frequent users biopsy sampled (right). Maternal lineages (haplotypes) are indicated in the legend. 

 

3.4.7  Sex ratio 

Sex identification was available by molecular markers for 129 individuals; of which 75 were 

males and 54 females, representing a sex ratio of 1.3:1 males to females (Binomial test; two 

tailed P = 0.152). Haplotype sequence data (mtDNA CR) combined with sex information were 

available for 65 males and 49 females. An exact test of differentiation based on haplotype 

frequencies (Raymond and Rousset 1995b) indicated that there were significant differences in 

the frequencies of maternal lineages by sex (Exact test; P < 0.037; Figure 3-9); which may 

indicate potential immigrants (NZ-N14 and NZ-N04= females; NZ-N37, NZ-N12 and NZ-

T01= males). Two haplotypes shared with the other New Zealand populations were 

represented both by males and females. 

 

Sex identification was available for 37 frequent users (out of 67). Of these, 13 were males and 

24 females, representing a ratio of 0.5:1 males to females (Binomial test; two tailed P = 

0.099; Figure 3-7), suggesting no significant sex segregation within frequent users in the Bay of 

Islands (see also Figure 3.7). 

 



Chapter 3: Group dynamics, habitat use and maternal lineages 

- 108 - 

  
Figure 3-9. Proportion of maternal lineages by sex (males n=65, females n=49) of biopsy sampled 

bottlenose dolphins in the Bay of Islands. Haplotypes NZ-N14 and NZ-N04 were only present in 

females. Haplotypes NZ-N37, NZ-N12 and NZ-T01 were only present in males. 

 

3.5 Discussion 

The analysis conducted in this chapter using a long-term database over two comparative 

periods of time, corroborated and extended previous descriptions of trends in use of the Bay of 

Islands reported by Constantine (2002). Bottlenose dolphins in the Bay of Islands present a 

complex and dynamic pattern of habitat use that ranges from some dolphins displaying long-

term site fidelity and frequently using the area to others that show no site fidelity and are 

infrequent visitors. Additionally, photo-identification data provided in this study showed a 

significant change in the identity of frequent users over time. The combination of molecular 

with individual identification methods suggested no sex-segregation within frequent users and 

no preferential usage of the area by particular maternal kin; although some differences in 

haplotype frequency by sex were noted. 

 

The differences in habitat usage observed among dolphins in the Bay of Islands could be 

explained by: 1) differences in individual behaviour, with some dolphins being more site-

specific and others more wide ranging (according to ecological, social, sexual or age class 

differences); 2) individuals with overlapping home ranges; or 3) a combination of all or some 

of these factors. The relatively high percentage (50%) of individually identifiable dolphins with 

low resighting rates (sighted once or twice; termed infrequent visitors) may be due to the 

presence of transient individuals or dolphins living in adjacent areas. Photo-identification 

surveys should be conducted in areas outside the Bay of Islands to explore this possibility. 
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3.5.1 Group dynamics in the Bay of Islands 

Bottlenose dolphins in the Bay of Islands present a very dynamic pattern of group size and 

composition, fluctuating annually and seasonally. However, differences in group size between 

periods (1997-99 and 2003-05) may have been subjected to biases introduced by different 

observers. It seems that during 1997-99 group size data tended to be rounded; whereas this 

did not occur during 2003-05. Although, during this period a tendency to underestimate group 

sizes was detected (Appendix 8.10), but it is unknown in which direction biases may have 

affected estimates of group size during 1997-99. 

 

The bimodal distribution of group size observed over some years reflected the higher frequency 

of two types of groups encountered in the Bay of Islands: groups of less than 15 individuals 

that were mostly formed by adult and juvenile dolphins and groups containing calves, which 

were 2-3 times larger than non-calf groups. Larger groups with calves were also observed by 

Constantine (2002). Patterns tending towards group cohesion usually involve protection, fright, 

sleep or rest as well as familiar habitual associations (Norris and Dohl 1980). Cetaceans 

reportedly increase group cohesion in the presence of vessels (Bejder et al., 2006a) and in 

contexts of presumed surprise or threat (Whitehead and Glass 1985). Increased cohesion has 

also been documented in terrestrial mammals as a response to disturbance (e.g., mountain 

goats, Oreamnos americanus, Foster and Rahs 1983) and by schooling fish to predation 

threats (Pitcher and Parrish 1993).  

 

Constantine (2002) suggested that the relatively large group size observed in the Bay of Islands 

may be an indication of a successful strategy to minimise predation from sharks and killer 

whales. However, this hypothesis does not explain the annual or seasonal variations observed 

in this study. Annual variations could be related to changes in the dynamics of the population 

with pulses of births over certain years (Haase and Schneider 2001). This pattern has been 

observed in other species of delphinids such Atlantic spotted dolphins (Stenella frontalis, 

Herzing 1997).  

 

Seasonal variations in group size observed in the Bay of Islands may be related to changes in 

prey distribution, abundance or reproductive strategy. The same pattern of seasonal 

fluctuations in the number of dolphins was observed in the Moray Firth (Scotland) where lower 

numbers of dolphins were sighted during winter and spring and peaked in autumn and summer 

(Wilson et al., 1997). There was also a spatial seasonal variation; which was attributed to 

shallower sheltered regions being more suitable for rearing offspring or to inshore seasonal 
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movements of prey (Wilson et al., 1997). Constantine (2002) observed spatial seasonal 

changes in habitat usage, resulting in dolphins being found in shallow waters during winter 

whereas they were more commonly found in deeper waters during summer. Analysis conducted 

here further suggested that there are fewer dolphins in winter and they tend to form smaller 

groups than those found in spring or summer. In the Hauraki Gulf, seasonality was also 

observed with groups of bottlenose dolphins mostly encountered during autumn and winter 

(Berghan et al., 2008). Therefore it is possible that dolphins from the Bay of Islands move 

during winter time to the Hauraki Gulf; however this hypotesis and the potential causes for this 

seasonal shift require further investigation. 

 

In Tursiops spp. (Shark Bay; Western Australia) group size was unrelated to water depth or 

female reproductive success; but the latter was predicted by water depth (Mann et al., 2000). 

Females with calves that used shallow waters were more likely to successfully rear the offspring 

to weaning age than those who used deeper water. It was hypothesised that shallow waters 

allowed better detection of predatory sharks or that prey density was higher in shallower waters 

compared to deeper waters (Mann et al., 2000). In contrast, Constantine (2002) suggested it 

was unlikely that the summer shift to deeper waters observed in the Bay of Islands was related 

to mother-calf requirements since the breeding season occurs mainly in summer (Constantine 

2002). 

 

Seasonal changes in group size and area usage have also been observed in subtropical 

regions (Ballance 1990; Shane 1990b; Weigle 1990). Such changes have been attributed to 

spatial variations in local conditions resulting in certain areas being more suitable for predator 

avoidance (Wells et al., 1980), the rearing of offspring (Mann et al., 2000; Scott et al., 1990), 

mating (Wells et al., 1980) or foraging (Irvine et al., 1981). 

 

3.5.1.1 Comparison of encounters and group dynamics between periods 

Encounter rates increased during 2003-05 when compared to 1997-99 including a higher 

frequency of groups encountered per day. However, there were significantly fewer individually 

identifiable adult dolphins sighted during 2003-05. This seems to be the result of a sub-group 

of dolphins displaying higher residency and therefore being encountered more often during 

2003-05 than during 1997-99. It is possible that differences in individual behaviour according 

to ecological or social differences may result in some dolphins being more site-specific whereas 

others range wider. For instance, it is possible that dolphins exploit different resources or that 
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competition between dolphins has lead to the exclusion of some animals when prey become 

less abundant, resulting in differences in resighting rates and habitat usage. Alternatively, some 

dolphins may have become used to the constant presence of tour-boat operators whereas 

other dolphins may have not, avoiding the area altogether.  

 

3.5.2 Age class composition  

The proportion of age class groups in the Bay of Islands over comparative periods of time was 

similar, despite a smaller proportion of juveniles observed during 2003-05. Juveniles can be 

difficult to asses, particularly large ones and errors in age-class identification between adults 

and juveniles can be made. If adults and juveniles were merged in one class, values for 1997-

99 (91%) were relatively similar to those observed during 2003-05 (88%). Differences in age 

class composition between periods may be also the result of pulses of births over certain years 

(Haase and Schneider 2001). A larger proportion of neonates or calves in any given year may 

be the result of several females reaching sexual maturity and giving birth at the same time. 

Alternatively, several juveniles reaching adulthood may increase the percentage of adults in the 

population for that particular year. 

 

Overall ~ 10% of the dolphins sighted were calves (including neonates); which is within the 

range reported in other populations (Hansen 1990; Leatherwood and Reeves 1982, 7.15 to 

11%; Weigle 1990; Würsig 1978). However, different definitions of age classes and methods 

for computation may make these percentages poorly comparable (Wells and Scott 1990). 

 

3.5.3 Pattern of habitat use  

Residency patterns and site fidelity varies considerably among bottlenose dolphins populations 

around the world (Mann et al., 2000), despite the usage of different methodologies to asses 

residency that may account for some of the variation observed (Ballance 1990; Constantine 

2002; Zolman 2002).  In the Bay of Islands, the pattern observed presents a very interesting 

combination, with dolphins using the area differentially with a higher proportion of dolphins 

sighted infrequently (~ 50%), others occasionally (~ 30%) and a few sighted on a frequent 

basis (~ 20%). Complex patterns of habitat use such as the one observed in the Bay of Islands 

have been described in other populations around the world including Argentina (Würsig 1978), 

California (Bearzi 2005; Defran and Weller 1999), Marlborough Sounds (Merriman 2007), the 

eastern Ionian Sea (Bearzi et al., 2005) and South Carolina (Zolman 2002). These regions 

present a combination of habitats that may produce a wide variation in distribution and 

availability of food resources throughout the year, resulting in complex patterns of group size, 
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residency and site fidelity. In Golfo San José (42°S, Argentina, Würsig 1978) some animals 

were described as “core” individuals (i.e., frequent users) whereas others were observed on an 

occasional basis, also the composition of the “core” groups changed over time to some extent; 

these groups were composed of individuals of all age classes. It was suggested that food 

availability was the primary determinant of group size and the stability in the Argentinean 

bottlenose dolphin population (Würsig 1978). 

 

3.5.4 Maternal lineages 

Several maternal lineages were found in relatively equal frequencies among biopsy sampled 

frequent users in the Bay of Islands suggesting that no specific maternal kin is dominant. The 

analysis of sex ratio between frequent users, suggested that there is no apparent sex-

segregation among frequent users. Furthermore, individuals in different reproductive states 

(i.e., lactating females with calves, females with no calves, adult males and juveniles) were also 

present, suggesting that there is no apparent age class segregation.  

 

Female social affiliations in the Bay of Islands include a large social network of associates 

similar to the bands described in Sarasota Bay; with preferred and avoided groups (Mourão 

2006). These females were never observed all together at any one time, but rather as smaller 

units of the network group. Within this social network, several females were found to be 

associated most strongly with particular individuals (Mourão 2006). Preliminary analyses of 

social affiliations and maternal lineages suggested that a mechanism other than kin (i.e., 

reciprocal altruism or mutualism) may operate in the population (Tezanos-Pinto, unpublished 

data). The presence of four unique haplotypes with individuals of one sex only (2 females and 2 

males) may indicate immigrants from adjacent regions; this hypothesis could be further 

investigated through nuclear markers. 

 

In summary, groups of frequent users in the Bay of Islands are composed of dolphins of both 

sexes representing several maternal lineages. Similarly, in Sarasota Bay multiple generations of 

more than one maternal lineage are present in a female band (Duffield and Wells 1991) and 

social affiliations, as opposed to direct kinship, are more important in the maintenance of long-

term relationships between individuals (Duffield and Wells 2002). The difference between the 

Bay of Islands and Sarasota is that in the latter, dolphins tend to associate preferentially with 

other individuals of the same reproductive state and age (Wells et al., 1987), whereas in the 

Bay of Islands, dolphins associations seem to occur irrespective of an individual’s age or 

reproductive state. 
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3.5.4.1 Mortality of frequent users 

Since 1996, 56 strandings events (live and dead) involving 80 bottlenose dolphins were 

reported along the coasts of the North Island (Appendix 8.16). A total of 51 bottlenose 

dolphins died. Individual identification photographs were available only for 8 of these animals; 

five of which were positively identified as frequent users of the Bay of Islands. 

 

The first mortality event recorded involving a frequent user, occurred on the 20th December 

1999 when ID192 was found floating dead near Rawhiti. On the 10th May 2000, three 

frequent users were found dead in the Kerikeri inlet (ID’s 300, 245 and 226). These animals 

were feeding on a shallow bay, were trapped when the tide changed and died as a result. 

Apparently, there were extraordinary tides and rough conditions during the time of the 

stranding (Appendix 8.16; DoC Stranding database). An adult male (ID 348) was found 

floating dead in the Waitemata harbour (Auckland). Overall, of the 67 frequent users identified 

for both periods combined, 7.5% (n=5) are known to have died. Strandings represent an 

underestimation of true mortality; additionally necropsies are not systematically conducted for 

bottlenose dolphins and therefore causes of death are almost always uncertain. The apparent 

high mortality of frequent users observed should be investigated further to address potential 

causes and detect if frequent users are more prone to mortality events.  

3.5.5 Sex ratio 

Sex ratio is a basic population parameter which is of importance to management (Clapham 

1995). The sex ratio of adult dolphins using the Bay of Islands was estimated at 1.2:1 male to 

females; this is not unexpected in view of a general expectation of an even sex ratio in 

vertebrate populations at birth (Caughley 1977). 

 

3.6 Conclusion 

As evidenced by a high encounter rate, the Bay of Islands is an important habitat for bottlenose 

dolphins. Subsequently, it is unlikely that dolphins will discontinue the use of the area suddenly; 

however a change in habitat use has been detected over an 8-year period with fewer dolphins 

using the area more regularly. Changes in habitat use over time may be attributed to a 

foraging strategy (changes in prey distribution or abundance), competition for resources, a 

consequence of anthropogenic impacts or a combination of all or some of the above. 

Nevertheless, given the relatively few numbers of frequent users (n=37 during 2003-05) their 

exposure to tour-boats should be closely monitored to avoid cumulative impact and potential 

detrimental effects on frequent users’ survival or reproductive fitness. 

 



 

 

4 CHAPTER: APPARENT DECLINE IN ABUNDANCE 

OF BOTTLENOSE DOLPHINS (TURSIOPS TRUNCATUS) 

IN THE BAY OF ISLANDS  

 

 

 

A group of bottlenose dolphins travelling in the Bay of Islands 

Photo: © Marc Oremus. 
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4.1 Abstract 

Bottlenose dolphins (Tursiops truncatus) inhabit three discontinuous and genetically 

differentiated populations in New Zealand: the north-eastern coast of the North Island, the 

Marlborough Sounds and Fiordland in the South Island. Along the north-eastern coast of the 

North Island, the Bay of Islands presents a unique opportunity for the study of this population. 

This is because of the regular, year-round occurrence of dolphins and history of long-term 

studies conducted in the region. Open mark-recapture methods were used to estimate the 

abundance of bottlenose dolphins using the Bay of Islands and explore trends over time during 

two periods of continuous photo-identification effort (1997-99 and 2003-05). The 1997-99 

dataset contained a total of 1,711 sightings records of 258 individual dolphins. Of these, 39% 

were new individuals added to the photo-identification catalogue during this period, while 61% 

(n = 157) were re-sightings of catalogued dolphins from previous surveys (conducted during 

1994-96). The 2003-05 dataset contained a total of 1,889 sightings records of 159 individual 

dolphins; 98 of these were sighted in both time periods. Overall, the two periods combined 

included 3,600 sighting records of 319 unique individuals. Four Cormack-Jolly-Seber models 

were used to estimate survival and capture probabilities over different temporal scales. An open 

population model with the pooled annual dataset, allowed variation in capture probabilities 

and survival over time, best describing this population. This was because the effects of 

migration, heterogeneity and higher capture probabilities. A Horvitz–Thompson type estimator 

was implemented to estimate abundance and results suggested a 38% decline from 204 

(CV=0.03) dolphins using the Bay of Islands in 1998 to 126 (CV=0.02) in 2004. Additionally, 

a decline in adult apparent survival was observed, with lower values than those reported for 

other populations (0.907 in 1999 and 0.717 in 2004). Several documented deaths among the 

regular users of the Bay of Islands (Chapter 3), have contributed to this lower survival rate. 

Despite the decline in estimated abundance, dolphins continue to be found regularly in the 

region,, suggesting a change from more individuals using the Bay of Islands irregularly to a 

more regular use by fewer individuals. Consequently, it seems that a shift in habitat use as well 

as some combination of emigration, mortality and low recruitment could underlie the estimated 

decline. Although the cause of these changes requires further investigation, a precautionary 

approach to manage all anthropogenic disturbances is recommended. 

 

4.2 Introduction 

Bottlenose dolphins (Tursiops truncatus) in New Zealand are distributed in three discontinuous 

and genetically differentiated populations inhabiting the north-eastern coastline of the North 
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Island, the Marlborough Sounds and Fiordland in the South Island (Bräger and Schneider 

1998; Constantine 2002; Merriman 2007; Tezanos-Pinto et al., 2009). The Bay of Islands 

presents a unique opportunity to study the north-eastern North Island population due to the 

year-round occurrence of dolphins and the presence of a dolphin-related tourism industry that 

provides research platforms, and facilitates finding the dolphins (Constantine 1995; 

Constantine 2002; Mourão 2006; Ryding 2001). 

 

There are no resident dolphins in the Bay of Islands but rather a subset of frequent users, 

occasional users and infrequent visitors (Chapter 3 this thesis; Constantine 2002). Long-term 

photo-identification studies show that 408 individuals have visited the Bay of Islands at least 

once since 1994. However, dolphins show different degrees of residency and site fidelity, with 

variable home ranges along the coast over preferred sites (Chapter 3 this thesis, Berghan et 

al., 2008; Constantine 2002). Previously, the larger north-eastern North Island population was 

estimated at 446 adults (CI=418-487) using a closed population mark recapture model that 

accounted for variation in capture heterogeneity over time (Mth; Constantine 2002). 

 

The Bay of Islands is home to an intense dolphin-tourism industry that includes permitted 

dolphin-watching and dolphin-swimming tours, conducting up to 11 trips a day (E. Reufels, 

personal communication). The effects of these activities on the behaviour of the dolphins have 

been extensively investigated (Constantine 2001; Constantine and Baker 1997; Constantine et 

al., 2004) and a decrease in resting behaviour in the presence of three or more boats has 

been demonstrated (Constantine et al., 2004). However, the long-term consequences of this 

behavioural change on the dolphin’s fitness, energy budget, subsequent survival and/or 

reproductive success remain unknown. Considering the relatively small number of dolphins 

using the Bay of Islands regularly, and the high level of dolphin-tourism activities in the region, 

it is important to monitor temporal trends in abundance to predict potential consequences for 

the long-term persistence of the population.  

 

Mark-recapture methods estimate population abundance using the ratio of marked (i.e., 

individually identifiable) to unmarked individuals within a population (Jolly 1965; Seber 1965). 

This proportion is later extrapolated to the total population size by multiplying the abundance 

obtained by the mark ratio (Williams et al., 1993). Where animals have been marked on 

multiples occasions, a capture probability can be calculated for each individual at each 

sampling occasion to derive a population size estimate (Lebreton et al., 1992; Otis et al., 

1978; Pollock et al., 1990). In some cetacean species, distinctive marks such as colour 
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patterns, callosities or scars are used for individual recognition through photo-identification (for 

a review refer to Hammond et al., 1990; Whitehead et al., 2000). However, the likelihood of 

errors in individual recognition using photo-identification have been acknowledged since the 

early development of the technique (Payne et al., 1983). Identification errors may occur for a 

variety of reasons, including a lack of distinctiveness of the individual markings, the usage of 

poor quality photographs and/or lack of stability of markings over time (For a review refer to 

Friday et al., 2000; Hammond et al., 1990; Stevick et al., 2001; Wilson et al., 1999). 

 

There are a wide array of mark-recapture methods and models to estimate abundance 

(Chapter 1). The choice of which to use depends on matching characteristics of the data to the 

inherent assumptions made by each model (for a review refer to Amstrup et al., 2005). 

Additionally, possible violations to assumptions should be carefully evaluated to avoid 

introducing unnecessary bias (Begon 1983). Assumptions common to both open and closed 

population methods include: no loss of marks during the study period, no behavioural 

response to the marking (or sampling) procedure and equal probability of capture among 

individuals and/or groups (Manly et al., 2005). Briefly, the difference between open and closed 

population methods is that the latter assumes geographic and demographic closure during a 

stipulated timeframe, whereas open methods are relaxed of this assumption (Chao and 

Huggins 2005). Geographic and demographic closure means that there is no migration 

(immigration or emigration) and the population does not experience births or deaths during the 

study period.  

 

Consequently, it is important to define what constitutes the population under study (Wilson et 

al., 1999). Here, the ‘population’ is defined as dolphins that inhabit the north-eastern coast of 

the North Island in New Zealand and may visit the Bay of Islands from time to time. This 

population is known to be isolated from the others two found in the South Island (Chapter 2). 

In this context, ‘the Bay of Islands’ is defined as a subset of the north-eastern North Island 

population (i.e., subpopulation). Because of the variable resighting rates of dolphins in the Bay 

of Islands, and span of the current study (8 years), open CJS models were employed to 

estimate the number of dolphins using the region (i.e., subpopulation) on annual basis. This 

approach is useful to gain an understanding of the trend in abundance and rate of population 

change over time. However it does not provide an estimate of the larger ‘population’ that 

resides along the coast of the north-eastern North Island. For this purpose, the Schwarz and 

Arnason parameterization of the Jolly-Seber open population model was employed. This 

approach is also referred to as the ‘super population’ approach (Crosbie and Manly 1981; 
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Schwarz and Arnanson 1996), and provides estimates of abundance while allowing entries 

(i.e., births, immigration) and losses (i.e., death, permanent emigration). Hence, it estimates the 

abundance of all animals that visited the area during the course of the study (Williams et al., 

2002). It is suitable for long-term studies where the use of models assuming population closure 

is not reasonable. 

 

In this chapter I estimate population abundance and adult apparent survival in the Bay of 

Islands using mark-recapture methods for two periods of consistent research (1997-99 and 

2003-05) using Cormack-Jolly-Seber open models. I explore potential sources of bias in the 

estimates due to violation of mark-recapture assumptions, discuss the estimates and predict 

trends in abundance over time. Finally, I estimate the abundance of the total population that 

resides along the coast of the north-eastern North Island implementing a ‘super population’ 

approach. 

 

4.3 Materials and Methods 

4.3.1 Study area 

Research surveys were conducted in the Bay of Islands (35.14 S, 174.06 E) in Northland, New 

Zealand. The Bay of Islands is an open embayment covering an area of approximately 244 

km2 that contains large estuaries and includes varying hydrological conditions ranging from 

estuarine to oceanic. Along the Northland coast, sea surface temperature (SST) ranges from 

13.5° C in winter to 21° C in summer with an annual average of 17° C (data courtesy of Leigh 

Marine laboratory; Appendix 8.1). More details of the study area are provided in Chapter 1 

(Introduction).  

 

4.3.2 Photo-identification surveys 

Opportunistic and directed photo-identification surveys were conducted from tour boats and an 

independent research vessel (more details are provided in Chapter 3). At the start of each 

survey, date, departure time, location, weather conditions (wind speed and direction) and 

cloud cover were recorded in a datasheet. When an encounter occurred using an independent 

research vessel, a group of dolphins was approached to within 10 m from the rear or parallel 

to the group to avoid disturbance at idle speed (< 5 knots) or matching the speed of the 

dolphins. When an encounter occurred from tour boats, a group of dolphins was usually 

approached parallel to or from behind at very close distance (<5m). Depending on the 

season, the number of permitted tour operators searching for dolphins ranged from 1 to 6, 

providing good coverage of the study area. At the start of each encounter, start time, GPS 
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position (using a Garmin 45XL GPS), group size and composition, behaviour and individual 

photo-identification data were collected.  

 

Lateral photographs of the dorsal fin were taken using a Canon EOS 35 mm (from March 

2002 to April 2005) using 200 and 400 ASA colour film and a Canon digital Rebel (from April 

2005 to May 2006). Both were equipped with a Tamron 200-400 zoom lens. Attempts were 

made to collect photo-identifications of each individual of the group without bias towards 

individually identifiable dolphins; which means that dolphins were photographed irrespective of 

the presence or absence of individual identification marks (Würsig and Jefferson 1990). At the 

end of each encounter a ‘blank’ or ‘spacer’ shot was taken to minimise the chance of mixing 

photographs from different encounters. The time, GPS position, film and frame number were 

also recorded. 

 

4.3.3 Analysis of photo-identification data 

A detailed description of analysis of photo-ID data has been provided in Chapters 1 and 3. 

Briefly, photographs were sorted according to a quality scale. All poor quality images (< 2 see 

below) were discarded from further analysis and good quality images were matched to the Bay 

of Islands catalogue (refer to Chapters 1 and 3). Before adding a new individual into the 

catalogue, images were checked by three researchers. When there were doubts about the 

identity of an individual, a fourth experienced researcher was consulted. All photographs added 

to the catalogue from 2002-06 were cross-matched to the rest of the catalogue by three 

independent researchers. After a match was confirmed (or a new individual identification 

number was assigned), the data were entered into an excel datasheet that included information 

on individual identification number, date of sighting, group size and composition, GPS position 

and any other relevant observations (e.g., observed with a calf, change in mark). 

 

4.3.4 Datasets used for population abundance estimates  

A ‘sighting’ refers to an individual identification photograph obtained during an encounter with 

a uniquely identified dolphin (ID) and the associated data collected during such an encounter 

(e.g., date, encounter, GPS position). The complete individual sighting record constitutes the 

encounter history of an individual.  

 

Data were summarised into a matrix of encounter histories, in which a row denotes an 

individual and a column refers to a sampling period. A “1” indicates that the individual was 

photo-identified (i.e., captured) at least once during that sampling period and a “0” indicates 
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that the individual was not photo-identified (i.e., not captured). The data were pooled or 

collapsed annually and by 2-seasons/year to investigate which pooling option provided the 

best compromise between capture probabilities and sampling intervals. For example, if capture 

probabilities are high and heterogeneity is low (resulting in dense data), sampling interval can 

be reduced to maximise use of the data; however it should be long enough to increase the 

likelihood of individuals mixing randomly between sampling periods. In contrast, when capture 

probabilities are low and individual or temporal heterogeneity is high, this may result in sparse 

data and sampling intervals may need to be collapsed to increase data density and reduce the 

variance. 

 

When pooling data by 2-seasons/year, similar surface sea temperature values were used to 

group seasons (SST, Appendix 8.1). Accordingly, summer was grouped with autumn and winter 

with spring. 

 

4.3.5 Mark ratio: proportion of identifiable dolphins 

During field surveys, photographs were taken of dolphins in a group, without bias towards 

individuals with naturally occurring identification marks or individuals without them (Würsig and 

Jefferson 1990). Violation of this assumption will result in an underestimation of the population 

size if photographs are biased towards dolphins with distinctive individual identification marks, 

or alternatively result in overestimation if photographs are biased towards dolphins without 

marks. 

 

To estimate the ratio of individually identifiable adults (i.e., marked adults) in the population 

during 2003-05, high quality photographs (Photo quality ≥ 3) obtained during field surveys 

were counted. Age-classes were defined previously in Chapter 3. The number of photographs 

containing any identifiable dolphins (I) was compared with the total number of photographs (P); 

the mark ratio (Q) was thus obtained by: 

 

Q = I/ P  

Equation 4-1. Mark ratio or proportion of the population that is identifiable. 

 

The mark ratio was assumed to be binomially distributed (animals could only be marked or 

unmarked) and therefore a binomial confidence interval with 95% limit was estimated.  
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4.3.6 Assessing mark-recapture assumptions 

4.3.6.1 Mark-recognition 

a) Photo quality and nick distinctiveness 

 

To avoid false positive and false negative errors (Stevick et al., 2001) the Bay of Islands 

catalogue and all photographs collected during 2003-05 were evaluated for photographic 

quality and nick distinctiveness. Attributes used to rank photographic quality included: 

sharpness, angle, brightness and contrast, size and whether or not information for matching 

purposes which (i.e., nick visualization) were compromised by photographic quality (Appendix 

8.6). Photographs of unique individuals were graded according to a scale including three 

different levels of distinctiveness ranging from 1 (small mark) to 3 (large marks; Appendix 8.6). 

This evaluation was conducted to test if all the dolphins in the Bay of Islands photo-ID 

catalogue had an equal probability of capture regardless of their mark distinctiveness. 

 

b) Sex and nick distinctiveness 

In some bottlenose dolphin populations, males and older animals have more distinctive marks 

than younger dolphins or females (Rowe and Dawson 2008; Tolley et al., 1995). The level of 

nick distinctiveness was analysed by sex for 90 individuals (males = 26; females = 64) to 

evaluate if there were differences in the distinctiveness of fins between sexes. Sex was inferred 

from molecular analyses or consistent association with a calf (refer to Chapters 3 and 5). 

Methods of sex identification are described in Chapter 3. Nick distinctiveness was based on a 

scale ranging from 1 (small mark) to 3 (large mark; Appendix 8.6). 

 

4.3.6.2 Mark-loss 

Without the aid of an independent alternative method to individually identify dolphins, it is not 

possible to estimate a rate of mark loss. Nonetheless, other studies have shown that most nicks 

on the trailing edge of a bottlenose dolphin’s fin are permanent features (Wilson et al., 1999); 

most of which are acquired when a dolphin reaches sexual maturity. After this, fins usually 

remain fairly stable over several years (Appendix 8.13), therefore mark loss is considered low. 

Despite this, the Bay of Islands catalogue was cross-matched in a search for false positives, 

false negatives and dolphins that may have lost their individual-ID marks through extensive 

changes to the fin. 
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4.3.6.3 Behavioural responses 

Mark-recapture methods assume that the marking process does not affect the behaviour of the 

individual. In bottlenose dolphins, markings are natural and therefore photographing them 

should not cause a capture response. However, test 2.CT was implemented in U-CARE Vs. 

2.02 (Choquet et al., 2005) to evaluate potential behavioural effects to capture or survey 

methodology. A significant result in the probability of a two-tailed test indicates a behavioural 

response to ‘capture’; a positive value of the statistics suggests trap-avoidance whereas a 

negative value suggests trap-happy (Choquet et al., 2005).  

 

4.3.6.4 Heterogeneity of capture: re-sighting rates 

Heterogeneity of capture is known to occur among individuals, groups, populations and 

sampling periods, causing underestimation of population size (Hammond 1986; Pollock 

1982). Dolphins in the Bay of Islands present a dynamic pattern of habitat use, with only a few 

animals encountered more often than expected (~19% frequent users), whereas the majority 

are only sighted infrequently or occasionally (Chapter 3 this thesis). This pattern of differential 

use results in variation in individual heterogeneity and thus, some dolphins have higher capture 

probabilities than others. Because of this, goodness of fit tests were conducted in U-CARE. Test 

3.SR was implemented to determine whether there was an excess of individuals only sighted 

once (transient individuals or migrants). Annual resighting rates of individuals were also 

analysed to explore differences across years. 

 

4.3.6.5 Geographic and demographic closure 

Closed models assume that there is no recruitment or loss of individuals during the study 

period while open methods allow for the effects of permanent migration, mortality and 

recruitment (Chao and Huggins 2005). Violation of the closed assumption produces 

overestimation of population estimates (Pollock et al. 1990) since closed models assume that 

all animals are present in the study area, and available for sampling. However, the closure 

assumption depends on how the population has been defined in space and time.  

 

Dolphins in the Bay of Islands present a dynamic pattern of social affiliations and habitat use, 

resulting in variable re-sighting rates among individuals (refer to chapter 3; Mourão 2006). 

Additionally, new recruits have been photo-identified, five individuals are known to have died 

and births occurred during the course of this study (1997-2005; Chapter 5). Therefore, it is 
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unlikely that the closure assumption (geographic and demographic) was met over the study 

period for either the subpopulation (i.e., Bay of Islands) or the population (i.e., the coast of the 

north-eastern North Island). Nonetheless, the closure test in CAPTURE (Rexstad and Burnham 

1992) was implemented to test for closure with data pooled annually and by 2-seasons/year. It 

should be noted that this test is not sensitive to behavioural effects on capture probabilities, and 

can provide a false rejection of closure if behaviour is influencing capture probabilities.  

 

4.3.7 Population abundance methods 

4.3.7.1 Cormack-Jolly-Seber models 

Four open Cormack-Jolly-Seber (CJS) models seemed biologically more appropriate to 

estimate the number of dolphins using the Bay of Islands over time, and to predict trends of 

abundance. This was because the variable resighting rates and pattern of habitat use observed 

in bottlenose dolphins in the Bay of Islands. Cormack-Jolly-Seber (CJS) models were 

implemented using the software MARK. The models allow more than one capture event, 

permanent emigration, immigration (i.e., apparent survival) and heterogeneity in capture 

probabilities over time. The fully parameterized CJS model (Phi(t)p(t); subscript t for time specific 

survival (Phi) and capture probability (p)) was implemented first. Three models were then 

explored, including time invariant (Phi(.)p(.)), capture probability invariant (Phi(t)p(.)) and 

survival invariant (Phi(.)p(t)).  

 

CJS models provide estimates of survival and capture probabilities but do not have an 

estimator of abundance. The Horvitz–Thompson type estimator of population size and its 

variance can be used to obtain abundance estimates with CJS models (McDonald and Amstrup 

2001) and was implemented here. This estimator sums inverse capture probabilities for all 

animals seen on each capture occasion. The variance is derived using Taylor series 

approximations; which can be thought of as an approximately unbiased estimator of the 

variance of the population estimator (McDonald and Amstrup 2001). 

 
Equation 4-2. Horvitz-Thompson estimator of population size (McDonald and Amstrup 2001) 

Where:  is the size of the population at time t, 

nt is the number of animals captured at time t, 

Iit is an indicator variable that takes the value 1 if animal i is photo-ID at time t and 0 if not, 
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 is the estimated capture probability for animal i at time t. 

 

The variance is given by the following equation (McDonald and Amstrup 2001): 

 
Equation 4-3. Variance of the Horvitz-Thompson estimator of population size (McDonald and Amstrup 

2001) 

Where is the standard error of the corresponding capture probability  

 

4.3.7.2 Super population approach 

A ‘super population’ approach was conducted in POPAN as implemented in MARK to estimate 

the abundance of the larger population that resides along the coast of the North Island, and 

may use the Bay of Islands at some stage. The approach is based on a re-parameterization of 

the Jolly-Seber (JS) model by adding a new parameter N that denotes the size of the ‘super 

population’. So that N can be thought of as either the total number of animals available for 

capture at any time during the study or, alternatively, as the total number of animals ever in the 

surveyed area between the first and last sampling occasions of the study (Nichols 2005). 

Following the Schwarz - Arnanson approach: 

 
Equation 4-4 Schwarz-Arnanson estimator of the ‘total’ population size  

 

Where N is the total number of animals available for capture at any time during the study, with 

Bi the number of new animals in the population at sampling period i+1 that were not present 

in the population at i. 

 

In the initial sampling period, all animals are ‘new’ with respect to sampling (i.e., B0=N1). The 

random variables Bi are modelled with a multinomial distribution, whereby the members of the 

super population are assumed to enter the sampled population at different times according 

entry parameters Bi. Thus, recruitment over time (B0, ... Bk-1) is distributed multinomially with 

parameters: N, B0, … Bk-1 (Williams et al., 2002). The process to select the best model consists 

in choosing the model with the lowest AIC. Assumptions for the ‘super population’ models are 
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the same as for Jolly-Seber but given that this approach has an additional parameter (Bi) there 

are three specific assumptions: 

1) Dolphins are not present in the study area until sampling period i, they then enter the study 

population and are exposed to sampling efforts at period i +1. Violation of this assumption 

may cause underestimation of population size if the sampling survey started after animals 

entered in the population. 

 

2) The probability of entering the population is homogeneous. This means that all members of 

the super population N that have not yet become available for potential capture (as of 

sampling i -1) are assumed to exhibit the same probability of being in the group of animals 

exposed to sampling efforts at period i. This assumption can be relaxed by allowing B to vary 

with time (i.e., Bt). 

 

3) The size of the study area does not change over time during the study period. The same 

area has been surveyed during 1997-99 and 2003-05; therefore violation to this assumption 

is very unlikely. 

 

4.3.7.3 Estimates of growth rate 

To investigate the trend in abundance over time and see whether open models provided the 

same evidence for the dynamics of the population, the population apparent growth rate was 

calculated using the following formula: 

λj = j+1 

       j 

Equation 4-5. Estimate of population growth rate 

Where j is the abundance at sampling period j and j+1 is the abundance at sampling period 

j+1. 

 

An un-weighted exponential regression was fitted to open estimates of abundance from annual 

data to estimate the annual rate of increase or decrease and detect potential changes in 

abundance over time. 

 

4.3.8 Model selection and goodness of fit 

MARK provides a bootstrap procedure that has increased power over the chi-square (χ²) 

goodness of fit test to detect lack of fit (White and Burnham 1999). MARK implements a 
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variation of the Akaike’s Information Criterion (AIC, Aikake 1973) with a correction for small 

sample sizes (i.e., AICc, Hurvich and Tsai 1989), to discriminate among potential models. The 

selection procedure consists of choosing the model with the smallest AICc score, which is a 

combination of the number of parameters and the maximum likelihood estimate of the model 

(Cooch and White 2005). A fully parameterized model has reduced bias at the cost of 

increased variance; whereas a model with fewer parameters has less variance at the cost of 

increased bias (Burnham and Anderson 1992). The magnitude of difference between two 

models can be measured using AICc weights. This is calculated by dividing the weight of the 

second best model by the best model (Cooch and White 2005). Alternatively, a rule of thumb 

to assess the strength of evidence for the best model suggests that an AICc difference of two or 

less gives support to both models while a difference greater than two gives considerably less 

support to the next best model (Burnham and Anderson 2004). 

 

4.3.8.1 Goodness of fit 

Goodness of fit (GOF) tests assumptions of homogeneity of capture and survival with the fully 

parameterised CJS model (Ph(t) p(t)) based on a classical partitioning of the likelihood 

according to sufficient statistics (Pollock et al., 1985). The compatibility of the data is tested by 

contingency table chi-squared tests; these can be conducted in software such as U-CARE Vs. 

2.02 (Choquet et al., 2005). Specifically, U-CARE contains ‘directional’ tests for transience 

(Pradel et al., 1997) and trap-dependence (trap-happy or trap-avoidance, Pradel 1993), in 

addition to testing variation in survival and heterogeneity of capture. 

 

Program U-CARE conducts goodness-of-fit tests as well as specific tests for transience (test 

3.SR) and trap-dependence (test 2.CT). Both tests are based on 2 x 2 contingency tables that 

include a table of observed (Table 4-1) and expected values (Table 4-2). The basic test is a 

chi-square test of homogeneity based on the expected numbers given in Table 4-2.  

 

Table 4-1. Contingency 2 x 2 table for test 3.SR based on the number of individuals encountered (i.e., 

photo-identified) at capture occasion i. 

 Seen later Never seen later Total 
Newly marked ID’s O11 o 12 o 1. 
Previously marked ID’s o 21 o 22 O2. 
Total o.1 o.2 o.. 
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Table 4-2. Contingency 2 x 2 table for test 3.SR based on the expected number of individuals 

encountered at capture occasion i. 

 Seen later Never seen again Total 
Newly marked ID’s e11 = o.1xo1./ o..  e12 = o.2xo1./ o..  o1. 
Previously marked ID’s e21 = o.1xo2./ o..  e22 = o.2xo2./ o..  o2. 
Total o.1 o.2 o..  
 

For test 2.CT and 3.SR, the usual chi-square (χ²) statistic is obtained as: 

χ² (i) = Σ (ojk-ejk)²/ejk 

 

where ojk is the observed value corresponding to the cell jk in the 2 x 2 contingency table of 

observed values and jk e the expected value corresponding to the cell jk in the 2 x 2 

contingency table of expected values. Under H0, Tests 2.CT and 3.SR follow a chi-square 

distribution with 1 degree of freedom.  

 

Test 2 in U-CARE tests capture homogeneity between sampling occasions. The test is further 

partitioned into two additional tests: test 2.CT examines if there is a behavioural response to 

capture (trap-avoidance statistic z > 0, trap-happy statistic z < 0, Choquet et al., 2005) and 

test 2.CL examines if there is variation in the time between re-encounters for captured and 

uncaptured individuals among sampling occasions (Choquet et al., 2005). 

 

For test 2.CT the null hypothesis being tested is 

H0: there is no difference in the probability of being reencountered at i+1 between those 

animals encountered (i.e., photo-identified) and not encountered (i.e., not photo-identified) at 

occasion i conditional on presence at both occasions.  

 

Alternatively; H1: there is a difference in the probability of being reencountered at i+1 between 

those animals encountered (i.e., photo-identified) and not encountered (i.e., not photo-

identified) at occasion i conditional on presence at both occasions.  

 

However, a frequent case in mark-recapture studies is that individuals encountered at i tend to 

avoid (trap-avoidance individuals) or seek (trap-happy individuals) the traps at i+1 (Pradel 

1993). In this case, the alternative hypothesis of interest is: H1(i): among individuals alive at 

both occasions i and i+1, those encountered (i.e., photo-identified) at i tend to be less (if trap-

avoidance) or more (if trap-happy) reencountered at i+1 (Choquet et al., 2005). 
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In CJS models, death and emigration are modelled together (as are birth and immigration) and 

termed ‘apparent survival’. Variations in apparent survival are actually variations in either 

mortality/emigration or natality/immigration. Test 3 evaluates the assumption that all 

individually identifiable dolphins have the same probability of apparent survival between 

sampling occasions. In U-CARE, test 3 is partitioned into 2 additional tests (Choquet et al., 

2005). Test 3.SR incorporates a statistic for transience; a significant result (z > 0; P < 0.05) in 

an open population suggests emigration whereas test 3.SM explores the effect of capture on 

survival (Choquet et al., 2005). 

 

The hypotheses to be tested for test 3.SR are: 

H0: there is no difference in the probability of being later reencountered between “newly 

marked” and “previously marked” individuals encountered at occasion i.  

 

Alternatively; H1: there is a difference in the probability of being later reencountered between 

“newly marked” and “previously marked” individuals encountered at occasion i.  

 

However, newly marked individuals often include a subset of transient individuals (Pradel et al., 

1997). In this case the alternative hypothesis of interest is H1(i): among individuals encountered 

at occasion i, the “new” individuals tend to be less reencountered later than the “old” 

individuals.  

 

4.4 Results 

4.4.1 Photo-identification effort and datasets 

Across the entire study period (from December 1993 until May 2006) there were 5,577 high 

quality photo-identification sighting records of 408 unique individuals. Within this 12-year 

study, two time periods were chosen to define two sighting datasets in which effort and field 

methodologies were consistent (1997-99 and 2003-05; Table 4-3). The 1997-99 dataset 

contained a total of 1,711 sightings records of 198 groups representing 258 individual 

dolphins, of which 39% were new individuals added to the photo-ID catalogue (n = 101) and 

the rest (n = 157), were re-sightings of previously catalogued dolphins (Table 4-3).  

 

The 2003-05 dataset contained a total of 1,889 sightings records of 243 groups representing 

159 individual dolphins. A total of 98 dolphins sighted during 1997-99 were resighted during 

2003-05. There were 39 individuals that acquired new marks and were added into the photo-

ID catalogue during this period. Two individuals added into the photo-ID catalogue during 
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2002 were resighted during 2003-05. There were 20 individuals previously catalogued during 

1994-96 that were resighted during 2003-05, but were not sighted during 1997-99. These 61 

individuals were considered ‘new individuals’ during 2003-05 for the purpose of this analysis, 

the remaining 98 dolphins were re-sightings during 1997-99 (Table 4-3). Overall, a total of 

319 individuals were sighted in one or both periods (1997-99 and 2003-05). 

 

Table 4-3 Summary of photo-ID effort conducted in the Bay of Islands using similar methodologies 

during 1997-99 and 2003-05. Abbreviations: ID=identification.  

 1997 1998 1999 2003 2004 2005 

Photo-ID surveys 59 88 99 47 91 51 
Hours on survey 189 318 395 194 367 320 
Groups encountered 47 79 72 57 103 83 
Total Individuals photographed 183 167 162 109 116 84 
Annual sightings 531 726 454 390 860 639 

Total number sightings 1,711 1,889 

Total number ID dolphins 258 159 

Total number groups encountered 198 243 

 

4.4.2 Rate of discovery 

A cumulative discovery curve was derived from the entire 12 years of the study indicating the 

number of dolphins identified over the number of total sightings (Figure 4-1). The figure 

suggests a slow but steady increase in the number of individuals recruited after the initial 

asymptote. However, the discovery curve does not account for mortality or emigration (i.e., 

individuals were added but not subtracted, except in the rare case of a confirmed death, n=5). 

 
Figure 4-1. Rate of discovery of newly identified bottlenose dolphins in the Bay of Islands between 

December 1993 and May 2006 (filled squares) including a 1:1 rate (dotted line) as if all individuals 

documented were new individuals added to the photo-identification catalogue. Crosses indicate three 

mortality events for a total of 5 individuals  
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4.4.3 Mark ratio: proportion of identifiable dolphins 

The mark ratio during 2003-05 was estimated from a total of 2,115 high quality photographs 

(photo quality ≥ 3) of dorsal fins of adult dolphins, obtained with a digital camera during 26 

surveys (Appendix 8.14). Of these, 1,601 photographs represented identifiable individuals (I; 

including multiple photographs of the same individual). From this, the adult mark ratio (Q) was 

estimated to be 0.757 (95% Binomial CI =0.738-0.775).  

 

4.4.4 Assessing mark-recapture assumptions 

4.4.4.1 Mark recognition: 

a) Photo quality and nick distinctiveness 

The quality of images collected during 1997-99 was evaluated by Constantine and only good 

quality images were considered for analyses (Constantine 2002). Similarly, here photographs 

collected during 2003-05 that presented photographic quality < 2 were excluded from further 

analyses (Appendix 8.6). This is consistent with the approach of Constantine (2002). 

 

The complete photo-ID catalogue (1993-2006) was evaluated for photographic quality and 

nick distinctiveness; only the best photograph of each individual was chosen to score for both 

photo quality and nick distinctiveness. Considering photographic quality (PQ) only, all 

individuals with images that ranked PQ < 2 were removed (n=21). All individuals with PQ=2 

(n=57) were candidates for removal (Appendix 8.6). However, estimates of abundance 

decrease as poor-quality photographs are removed (Friday et al., 2008), therefore an 

appropriate balance between precision and bias in abundance estimates was attempted by 

removing the lowest-quality photographs. From a total of 448 photographs analysed, 18% 

ranked as nick distinctiveness level 1 (ND 1), 48% as nick distinctiveness level 2 (ND 2) and 

34% as nick distinctiveness level 3 (ND 3). After revision of photographic quality and nick 

distinctiveness combined, a total of 39 individuals added before 2002 were removed and one 

individual added in 2004; this represented 9% of the total catalogue for all years (i.e., 1993 – 

2006; n = 448; Appendix 8.7). 

 

b) Sex and nick distinctiveness 

Based on a scale from 1 (small mark) to 3 (large mark; Appendix 8.6), the level of nick 

distinctiveness by sex was analysed for 90 individuals (males = 26; females = 64). Although 

the number of males was small (n=26), results suggested no significant differences, indicating 
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that both sexes are equally marked (i.e., identifiable. Chi-square test = 4.61, df = 2, P = 

0.10; Figure 4-2). 

n=90

44%
25% 29%

56%
75% 71%

0
10
20
30
40
50
60
70
80
90

100

1 2 3

Level of nick distinctiveness

Pe
rc

en
ta

ge
 (%

)

Males (n=26) Females (n=64)
 

Figure 4-2 Percentage of bottlenose dolphins with different levels of nick distinctiveness (from small (1) to 

large (3)) by sex (males=26, females=64) in the Bay of Islands. 

 

4.4.4.2 Mark loss 

Overall, 26 dolphins presented changes to their nicks that ranged from small to fairly large; 

however these individuals were still recognisable. The revision of the photo-identification 

catalogue prior to 2002, revealed 3 false negatives that resulted from dolphins acquiring new 

nicks that masked existing ones (ID 55, ID 89, ID 97; Appendix 8.8). After 2002, one new 

individual (ID 493) was identified as a previous individual (ID 28) who obtained a new nick that 

masked the original mark used for photo-identification (Appendix 8.8). 

4.4.4.3 Behavioural response and survival 

Results from tests 2.CL (time variation between re-encounters for captured and uncaptured) 

and 3.SM (capture on survival) were not significant for the annual dataset (2.CL: P=0.91; 

3.SM: P=0.11) and for the 2-seasons/year dataset (2.CL: P = 0.62; 3.SM: P=0.11). These 

results suggested that there was no capture effect on survival over subsequent recaptures. 

However, results from test 2.CT (behavioural effect to capture) were significant for the annual 

(statistic=-2.86; 2-sided P<0.004) and 2-seasons/year datasets (statistic=-8.66; 2-sided 

P<<0.001). Results from test 2.CT detected a behavioural effect to capture, suggesting that 

individuals may behave ‘trap happy’’. However, this is likely to reflect a small subset of the 

subpopulation that is more accessible to the photo-ID surveys, as a result of habitat use or 

behaviour. 
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4.4.4.4 Heterogeneity of capture 

Results from test 3.SR in U-CARE were significant for the annual (statistic = 4.70, 2-sided 

P<<0.001) and 2-season/year datasets (statistic = 4.45; 2-sided P<0.001), indicating 

unequal capture probabilities and an excess of individuals sighted once only (i.e., effect of 

transience: immigration/emigration).  

 

Annual resighting rates over periods of consistent effort (1997-99 and 2003-05) were relatively 

high (Table 4-4). Analysis of resighting rates across the entire study (1994-2005) showed that 

27% of the dolphins (n=109) in the Bay of Islands catalogue (n = 408) were never resighted 

during consecutive years. This represents individuals that were in the Bay of Islands but never 

photographed, lost their marks, emigrated, died or are transient dolphins living in adjacent 

areas. 

 

Table 4-4. Across-year re-sightings of bottlenose dolphins in the Bay of Islands during periods of 

consistent effort (1997-99 and 2003-05). 

 Re-sighting year Sighting (year) Hr on 
effort 

# of 
Surveys 

n 
 98 99 03 04 05 

1997 189 59 183 127 104 64 57 44 
1998 318 88 167  112 70 61 53 
1999 395 99 162   67 56 52 

2003 194 47 109    74 65 
2004 367 91 116     72 
2005 320 51  84      

 

4.4.4.5 Geographic and demographic closure 

The closure test in CAPTURE showed evidence of non-closure, with significant results for all 

datasets (annual data: Z=-11.094, P<<0.0001; 2-seasons/year 1997-99: Z = - 4.36, P < 

0.0001; 2-seasons/year 2003-05: Z = - 4.17, P < 0.0001). 

 

4.4.5 Best model selected and abundance estimates for the Bay of Islands 

The best CJS model found for the dataset with the annual (Phi(t) p(t); AICc = 1257.9) and 2-

season/year pooling (Phi(t) p(t); AICc = 2856.7) allowed for variations in survival and capture 

probability over time (Table 4-5).  

 

 

 

 



Chapter 4: Decline in abundance in the Bay of Islands  

- 133 - 

Table 4-5. AIC estimates from different CJS open models when pooling data annually and by 2-

seasons/year. The best model is shown in bold. Abbreviations: Phi = survival, p = probability of capture, 

t = variation in time, (.) = constant, Num Par= number of parameters 

Dataset Model 

 

AICc 

 

Delta 

AICc 

AICc 

Weights 

Model 

Likelihood 

Num. 

Par 

Deviation 

Phi(t) p(t) 1257.9 0 0.835 1 9 121.5 

Phi(t) p(.) 1262.4 4.41 0.091 0.110 6 132.0 

Phi(.) p(t) 1262.9 4.95 0.07 0.084 6 132.6 

Annual data 

 

Phi(.) p(.) 1269.4 11.43 0.002 0.003 2 147.1 

Phi(t) p(t) 2856.7 0 1 1 23 987.99 

Phi(t) p(.) 2919.3 62.52 0 0 13 1071.2 

Phi(.) p(t) 2942.7 85.93 0 0 13 1094.6 

2-Seasons/ 

year 

 
Phi(.) p(.) 3038.8 182.06 0 0 2 1212.9 

 

Abundance estimates with the best fitting CJS model for annual and 2-season/year datasets 

both suggested a trend of decline in abundance for the Bay of Islands between the two study 

periods. Estimates of abundance in the Bay of Islands were higher during 1997-99, with the 

largest estimate being 217 dolphins (CV = 0.04) in 1999; values were lower during 2003-05, 

with only 126 dolphins estimated during 2004 (CV = 0.02; Table 4-6; Figure 4-3). 

Accordingly, the highest growth rate was estimated during 1998-99 (λ = 1.06) and the lowest 

during 2003-04 (λ = 0.87, Table 4-6).  

 

Table 4-6. Annual estimates of abundance (CJS) and survival of identifiable adult bottlenose dolphins in 

the Bay of Islands (λ). Abbreviations: Cap. p = probability of capture, Phi= estimates of survival, = 

estimated abundance, CI= confidence interval, CV= coefficient of variation with model Phi(t) p(t) time-

variant probability of capture and survival; λ= growth rate. 

Dataset Model Period Cap. P Phi (CV) 
 (CV) 

95% CI λ 

Annual Phi(t) p(t) 1998 0.823 0.860 (0.04) 204 (0.03) 191-217 1.06 
  1999 0.759 0.907 (0.05) 217 (0.04) 200-234  
  2003 0.757 0.857 (0.02) 145 (0.05) 131-158 0.87 
  2004 0.823 0.717 (0.06) 126 (0.02) 120-132  

 

When pooling the data by 2-seasons/year, the highest abundance estimated in the Bay of 

Islands was during Summer-Autumn 1999 with 201 adults (CV=0.06) and the lowest 

abundance was estimated during Summer-Autumn 2005 with only 83 individuals (CI = 0.02; 

Table 4-7). Accordingly, the highest growth rate was estimated during 1997-99 (λ = 1.20) and 

the lowest during 2003-05 (λ = 0.70, Table 4-7). However, estimates of survival with this 

pooling varied considerably between periods and for some estimates it was not possible to 
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obtain the standard error, suggesting that this parameter presented poor precision with this 

pooling (data not shown). 

 

Table 4-7. Estimates of abundance of individually identifiable adult bottlenose dolphins using the Bay of 

Islands when pooling the data by 2 seasons/year using CJS model Phi(t) p(t). Abbreviations: Cap. p = 

probability of capture, = estimated abundance, CI= confidence interval, CV= coefficient of variation. 

Dataset Model Period Cap. P (CV) 95% CI λ 

Winter-Spring 97 0.678 193 (0.05) 174-212 1.00 
Summer-Autumn 98 0.766 194 (0.04) 179-210 0.86 
Winter-Spring 98 0.511 166 (0.08) 141-191 1.20 
Summer-Autumn 99 0.606 201 (0.06) 179-224 0.80 

2 
seasons/ 
year 

Phi(t) p(t) 

Winter-Spring 99 0.607 161 (0.06) 141-182  
  Summer-Autumn 03 0.440 155 (0.09) 127-183 0.99 
  Winter-Spring 03 0.345 154 (0.11) 120-188 1.01 
  Summer-Autumn 04 0.475 156 (0.09) 130-182 0.89 
  Winter-Spring 04 0.817 140 (0.04) 128-151 0.70 
  Summer-Autumn 05 0.777  98 (0.05)  87-108 0.85 
  Winter-Spring 05 0.974  83 (0.02)  80-86  

 

4.4.6 Estimates of  apparent adult survival 

Given the trend of decline observed in the abundance of the Bay of Islands, apparent adult 

survival was estimated for the pooled annual dataset using a CJS model that allowed for 

variation in survival and capture probability over time (1st model selected in Table 4-6). Results 

suggested a decline in apparent adult survival from 0.907 estimated in 1999 (CV=0.05) to 

0.717 (CV= 0.06) during 2004 (Table 4-6). 

 

4.4.7 Trends in abundance 

A rate of decline was calculated considering the mid-point of the estimates of abundance for 

each period (i.e., 1998 and 2004); which resulted in a significant 38% decline from 204 

individually identifiable adult dolphins estimated in 1998 (CV=0.03) to 126 in 2004 

(CV=0.02). A regression line was fitted to the natural log (ln) of annual estimates of 

abundance (y=-0.087x + 178.43; R2=0.94; Figure 4-3). 
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y = -0.0866x + 178.43
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Figure 4-3. Pooled annual estimates of abundance (ln) of individually identifiable adult bottlenose 

dolphins in the Bay of Islands and confidence intervals (vertical line) obtained with a CJS model, 

including a regression line. 

 

4.4.8 Estimate of abundance of the north-eastern North Island population 

Four models were tested in POPAN as implemented in MARK to estimate the size of the ‘larger’ 

population of bottlenose dolphins found along the north-eastern coast of the North Island. The 

best model selected allowed for variation in survival, probability of capture and variation in the 

probability of ‘new’ animals entering the population (Bi; Table 4-8). 

 

Table 4-8. AIC estimates from different POPAN open models when pooling data annually. The best 

model is shown in bold. Abbreviations: Phi = survival, p = probability of capture, B= probability of 

entry, t = variation in time, (.) = constant, Num Par= number of parameters 

Model AICc Delta AICc AICc Weights 

Model 

Likelihood Num. Par 

Phi(t)p(t)B(t) 1298.77 0 0.849 1 17 

Phi(t)p(.)B(t) 1303.61 4.837 0.076 0.089 12 

Phi(.)p(t)B(t) 1303.79 5.017 0.069 0.081 13 

Phi(.)p(.)B(t) 1308.61 9.840 0.006 0.007 8 

 

The best model selected suggested an overall estimate of 325 (CV = 0.01) individually 

identifiable adult dolphins. Correcting this value 24% for the unmarked proportion of the adult 

population (Williams et al., 1993), this suggests that 428 adult bottlenose dolphins inhabit the 

north-eastern coast of the North Island and have visited the Bay of Islands at some stage. 
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4.5 Discussion 

Results presented here indicate that only a small number of bottlenose dolphins regularly use 

the Bay of Islands. Relatively unbiased and precise abundance estimates for the subpopulation 

were derived from detailed examination of the assumptions involved in open mark recapture 

analyses. Substantially, less than 150 dolphins used the study area on annual basis during 

2003-05. Furthermore, a 38% decline in adult abundance over the past 6 years has been 

detected including a decline in apparent adult survival. The results suggest an increase in 

emigration, mortality, lowered recruitment through reproduction or a combination of all the 

above. 

 

4.5.1 Assessing MRC assumptions: Are estimates of abundance biased? 

In this study neonates and calves were excluded from all analyses because their probability of 

capture is not independent from that of their mother, violating the assumption of independence 

of capture probabilities (i.e., sightings). Further, these individuals are seldom marked. 

Nonetheless, associations among bottlenose dolphins in the Bay of Islands are not random. 

There are two levels of associations characterised by constant long-term companions and short 

term casual acquaintances (Mourão 2006). Therefore, the capture probability for any given 

individual may be conditional on whether or not other individuals were present in the area. To 

minimise the effect of non-independence of capture probabilities due to short-term 

associations, sightings were collapsed into extended time periods (annually and 2-

seasons/year); although it has been noted that non-independence of capture probabilities 

should not affect the population estimates per se, but instead underestimate the variances 

(Cooch and White 2005; Wells and Scott 1990). As a consequence, confidence intervals 

reported here are likely to represent minimum estimates of the true values. 

 

4.5.1.1 Mark ratio 

The mark ratio of bottlenose dolphins varies among different study sites, ranging from 54% in 

North Carolina (Read et al., 2003) to 82% in Hawai’i (Baird et al., 2001). The estimated mark 

ratio of adult bottlenose dolphins obtained in this study (76%) is lower than the value reported 

by Constantine (2002) for 1997-99 (100% adult dolphins marked, representing 81.5% of the 

subpopulation). However the sample size and the method to estimate the mark ratio between 

periods were different. Constantine conducted 3 surveys collecting 251 high quality 

photographs of 44 individuals (including calves and juveniles); of which 39 were adult dolphins 

that had distinctive individual identification marks. Based on this, she concluded that all adult 
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dolphins were marked and that dolphin groups included 81.5% of adult dolphins. I conducted 

26 surveys collecting over 2,000 high quality photographs over different years during 2003-05 

and estimated the proportion of photographs with adult dolphins individually identifiable versus 

not identifiable. Additionally, I discarded individuals with marks that were not significantly 

distinctive; perhaps explaining the difference in the observed mark ratio relative to Constantine 

(2002). The use of nicks that are not very distinctive results in a higher mark ratio; but 

potentially leads to an increased risk of matching errors or the loss of a small nick to a newer 

mark.  

 

In Doubtful Sound, Gormley (2002) analysed dorsal fin mark ratio data from bottlenose 

dolphins over seven years pooled by 4 seasons. He found no significant differences over time, 

with a minimum value of 73% individually identifiable adults and a maximum of 84% (CV = 

0.04).In the current study I assumed the mark ratio to remain constant within each period. 

However, it is possible that some variation within/between periods may occur. Potential 

changes in mark ratio over time may result in bias to estimate the total abundance when the 

population size is corrected for the proportion of unmarked individuals.  

4.5.1.2 Mark recognition 

All poor quality photographs were removed from the dataset. Similarly, individuals with less 

distinctive nicks were also excluded. However, these individuals were accounted for as 

‘unmarked’ and were included in the mark ratio. In other populations, male and adult dolphins 

present more scars than juvenile or females (Rowe and Dawson 2008; Tolley et al., 1995). 

However, in the Bay of Islands, analyses of nick distinctiveness and sex suggested that both 

sexes have equally distinctive marks for recognition. Nevertheless, sample size was small for 

males (n=26); additionally I have used only three categories to asses nick distinctiveness and it 

is possible that more subtle differences exist between sexes. 

4.5.1.3 Behavioural response 

Behavioural response to capture was observed when data were pooled annually and by 2-

seasons by year. However the behavioural response identified was ‘trap-happy’ (displaying a 

favourable response to either the research boat or the sampling technique). This result seems to 

reflect the preferential habitat usage by a small subset of the subpopulation (Chapter 3 this 

thesis, Constantine 2002) that may be more accessible to the photo-ID surveys or behaviour.  

 

Biopsy sampling was carried out in 46% (n=86) of photo-identification surveys conducted 

during 2003-05. However, analysis of resighting rates of frequent users that were biopsy 
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sampled and those that were not, suggested no long-term effect of biopsy sampling on habitat 

use (Appendix 8.5). Furthermore, behavioural responses to biopsy sampling in the Bay of 

Islands were mostly mild and instant (Appendix 8.5); which is consistent with previous studies 

(Krützen et al., 2002). 

4.5.1.4 Heterogeneity of capture 

Analysis of re-sighting rates among years and results from the goodness of fit test indicated that 

the number of dolphins sighted only once was a significant departure from expectation (effect 

of transience). Differential usage of the area by frequent users, occasional and infrequent 

visitors will violate the assumption that all individuals have the same capture probability on 

subsequent encounters. Since heterogeneity among individuals was detected, the CJS model 

that allows variation in capture probabilities over time was more consistent with the data. Given 

the significant result of test 3.SR and evidence of transience, two additional CJS models that 

allowed for the effects of transience were also fitted; however results were consistent with those 

reported here and confidence intervals overlapped (Appendix 8.15). 

 

Nonetheless, heterogeneity causes underestimation of population size, therefore the 

abundance estimates presented here are conservative. The proportion of frequent users, 

occasional and infrequent visitors remained constant between periods (refer to Chapter 3), 

therefore, any potential bias introduced by unequal capture probabilities will affect both 

datasets equally (i.e., will not affect some sampling periods more than others) and hence, the 

overall trend in abundance remains accurate.  

4.5.1.5 Geographic and demographic closure 

Bottlenose dolphins in the Bay of Islands have variable resighting rates and are part of a larger 

population distributed along the coast of the north-eastern North Island (Berghan et al., 2008; 

Constantine 2002). The annual estimates of abundance obtained with CJS models therefore, 

are indicative of the number of dolphins annually using the Bay of Islands (i.e., subpopulation) 

rather than the ’total’ abundance of the north-eastern North Island population. The open 

model selected was consistent with the biology of dolphins using the Bay of Islands, and 

supported by results of the closure test in CAPTURE. 

 

Several studies have used discovery curves to investigate closure of a population (e.g., 

Constantine 2002; Williams et al., 1993). However, a discovery curve measures the 

recruitment of newly identifiable individuals into the population. This is the rate at which 

unmarked individuals obtain marks that are significant enough to allow individual recognition. 
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A discovery curve is not a model and does account for migration or mortality. For instance, 

individuals that have been newly identified (i.e., acquired identifiable marks) appear as 

“recruited” in the discovery curve, however they could have subsequently emigrated 

(permanently or temporarily) from the study site area or died.  

 

4.5.2 Abundance estimates 

Results using the annual and 2-season/year datasets were in agreement, suggesting a 

reduction in the number of dolphins using the Bay of Islands from 1997-99 to 2003-05. 

Additionally, capture probabilities were relatively high for both pooling of the data (annual 

dataset: 0.71-0.82; 2-seasons/year: 0.44-0.97) as a result of a large number of dolphins 

being photo-identified (319 for both periods combined) and later resighted. This robust dataset 

resulted in precise estimates with low coefficients of variation (annual dataset CV=0.02 – 

0.05). Furthermore, the advantage of the CJS model selected here is that it estimates the 

capture probability of each animal caught at each sampling occasion coping with temporal 

heterogeneity. It also estimates a distinct time-specific capture probability for each individual, 

dealing to some extent with individual heterogeneity. 

 

Nevertheless, annual estimates of abundance for the Bay of Islands are lower than the number 

of dolphins in the photo-ID catalogue (n=408). This is because the catalogue includes 

dolphins regardless of their resighting history; which may include dolphins that were in the Bay 

of Islands but lost their marks, emigrated, died or are transient dolphins living in adjacent 

areas. For this reason, a super population approach was implemented which resulted in a total 

population estimate of 428 adult bottlenose dolphins (adjusted for ‘unmarked’ adult dolphins) 

for the ‘larger’ north-eastern North Island population. 

 

The annual estimates obtained in this study for the Bay of Islands are considerably lower than 

the abundance estimated by Constantine (2002). However, Constantine attempted to estimate 

the abundance of the ‘larger’ north-eastern North Island population (as opposed to the 

subpopulation or the number of dolphins using the Bay of Islands on annual basis). Using 

model Mth Constantine estimated a closed population of 446 adults (CI = 418- 487) along 

the north-eastern coast of the North Island for 16 seasons during 1994-99. However, 

Constantine’s values are likely to be overestimated since this model assumes that the 

population was geographically and demographically closed for a 5 year-period. Furthermore, 

Constantine’s analysis included four seasons with data collected during 1994, a year with an 

unusual number of dolphins that have not been resighted in the Bay of Islands since then 
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(n=36). For comparative purposes, I estimated abundance of the ‘larger’ north-eastern North 

Island population using an open super population approach that resulted in an estimate of 

428 adult dolphins. 

 

4.5.3 Apparent adult survival 

Estimates of apparent adult survival in the Bay of Islands ranged from a maximum of 0.907 

(CV=0.05) in 1999 to a low of 0.717 in 2004 (CV=0.06) for the annual sighting dataset. 

These values are considerably lower than those reported in other populations such as Sarasota 

Bay (0.962, SD=0.0076, Wells and Scott 1990), Doubtful Sound (0.937, CI=0.917-0.953, 

Currey et al., 2009b) or even dolphins in captivity (0.93, CI=0.92-0.94, DeMaster and 

Drevenak 1988). It is acknowledged that a decline in apparent adult survival may have resulted 

from the deaths of 5 dolphins that occurred during the study (Figure 4.3) and others that have 

not been resighted in the region (Chapter 3). Nonetheless, a combination of emigration and 

mortality cannot be dismissed as a potential cause for lowered survival (see below). 

 

4.5.4 Trend of decline in apparent abundance 

Open models suggested a 38% decline in abundance from a maximum of 204 individuals 

estimated in 1998 (CV=0.03) to 126 in 2004 (CV=0.02). However, current data are 

insufficient to distinguish whether the trend of decline has been caused by a single event that 

resulted in increased emigration/mortality or if it is the result of a series of events that may be 

causing a continuous decline.  

 

Dolphins are still sighted in the Bay of Islands on a regular basis (Chapter 3). Furthermore, the 

encounter ratio has increased significantly from 1997-99 (69.5%) to 2003-05 (87.1%; 

Chapter 3) as a result of fewer individuals sighted more frequently (refer to Chapter 3). 

Nonetheless, if the rate of decline detected here continues in the long-term, it may compromise 

the long-term persistence of the subpopulation and future of dolphin-watching industry.  

 

4.5.5 Causes of decline in apparent abundance 

CJS models do not discriminate between mortality/emigration; hence there are two possible 

scenarios to explain the decline in abundance in the Bay of Islands: 1) a ‘true’ population 

decline in the larger north-eastern North Island population as a result of increased mortality 

and lowered recruitment through reproduction or 2) an ‘apparent’ decline in abundance in the 

Bay of Islands caused by a shift in habitat use (i.e., increased emigration).  
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4.5.5.1 Hypothesis 1: The decline in abundance observed in the Bay of Islands reflects a true 

decline for the north-eastern North Island population caused by increased mortality or lowered 

recruitment through reproduction 

Evidence of direct mortality is often difficult to find in marine mammals because the carcases 

may drift offshore, be eaten by predators, sink or never be found. For the North Island 

bottlenose dolphins the only direct evidence of mortality comes from strandings. Along the 

north-eastern coast of the North Island, bottlenose dolphins frequently strand, particularly in 

river mouths with shallow estuaries and mangroves where dolphins enter to feed. Dolphins 

chase fish and pursue them onto exposed mud-banks (Constantine 2002) and sometimes these 

episodes result in the dolphins getting trapped in shallow waters and dying. But more often, 

dolphins are able to return to the sea after a change in tide. Since 1996, 56 stranding events 

were recorded in the North Island involving 80 bottlenose dolphins; of which 51 died (A. Van 

Helden, DoC stranding database, Appendix 8.16). This suggestion implies a minimum 

mortality of 5 dolphins per year. Of the 51 bottlenose dolphins that died, 6 were positively 

identified through photographs of the dorsal fins as frequent users of the Bay of Islands. 

Unfortunately, not all carcasses are photographed for individual recognition and causes of 

death are almost always unknown because necropsies are not systematically conducted on this 

species. However, 5 carcasses found in Northhland presented evidence of net entanglement 

including fishing lines wrapped around the dolphin’s body and some animals had their tail 

stock or flippers removed (A. Van Helden; DoC stranding database, Appendix 8.16). The 

evidence was consistent with by-catch mortality. Given that mortality from strandings represent 

a clear underestimation of ‘true mortality’, a potential increase of this parameter among 

frequent users and in the larger population cannot be dismissed. Therefore, it is necessary to 

properly record stranding events along the coast of the north-eastern North Island, to 

understand the recurrence of such episodes and their impact on dolphin’s survival. 

Furthermore, systematic necropsies on stranded carcasses will provide valuable information on 

life history parameters and potential causes of death. 

 

Another source of mortality is predation. Killer whales (Orcinus orca) and several species of 

sharks are known predators of bottlenose dolphins (Connor et al., 2000; Lichter 1992; Visser 

1999). However, bottlenose dolphins in the Bay of Islands show very few scars from shark bites 

(Constantine 2002, Tezanos-Pinto, personal observation); suggesting that either they are 

relatively uncommon or that dolphins do not survive them. Since 1994, only two killer whale 

attacks on bottlenose dolphins were witnessed in the Bay of Islands (Constantine 2002, E. 

Reufels, personal communication). One attack resulted in injury to a bottlenose dolphin and a 
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second may have caused injuries (or death) to a minimum of 3 animals. During the latter 

event, a group of bottlenose dolphins were chased and attacked by killer whales. Witnesses 

observed a large amount of blood in the water while 3 bottlenose dolphins were simultaneously 

thrown out into the air by the killer whales (E. Reufels, personal communication). However, it 

was impossible to determine if the animals survived the attack. Predation may contribute to 

mortality to some extent, but it seems unlikely that predation itself solely explains the observed 

decline as there is no evidence of an increase in predator numbers (C. Duffy, DoC personal 

communication) or observations of significant predation in the area. 

 

A reduction in fecundity, reproductive success, recruitment or calving rate coupled with an 

increase in calf mortality will negatively impact the abundance of a population. For example, in 

Doubtful Sound a reduction in calf survival partially caused a decline in bottlenose dolphin 

abundance. The decline was attributed to anthropogenic disturbance (environmental and 

behavioural) that included increased water discharge from an hydroelectric power plant and 

dolphin-related tourism activities (Currey et al., 2009b; Lusseau et al., 2006c). In the Bay of 

Islands, an estimated 42% of bottlenose dolphins calves die before reaching their 1st year of 

life, which is relatively high when compared to other populations (Chapter 5). The causes of 

high calf mortality in the Bay of Islands, however, are unknown and should be investigated. 

 

4.5.5.2 Hypothesis 2: The decline in relative abundance observed in the Bay of Islands is a 

consequence of a shift in home range 

Comparison of individual identification catalogues between the Bay of Islands and the Hauraki 

Gulf (240 km south) showed that only 59% (n=162) of dolphins sighted in the Hauraki Gulf 

were observed in the Bay of Islands (Berghan et al., 2008). Analysis of resighting rates and 

patterns of habitat use of dolphins using the Bay of Islands suggested a change in use of the 

area over time; with fewer dolphins sighted more frequently (Chapter 3). The observed change 

in habitat use in the Bay of Islands may partially explain the decline in abundance. 

Nonetheless, the causes of this change in use remain unknown and should be investigated. 

 

Apparent decline in bottlenose dolphin abundance have been reported in other populations 

around the world. Potential causes identified to date consist of environmental or anthropogenic 

factors that resulted in shifts in home range (e.g., Bejder et al., 2006b; Lusseau et al., 2006c; 

Wells and Scott 1990). Anthropogenic activities that account for the displacement of bottlenose 

dolphins in Milford Sound include a shift in residency and habitat use caused by boat traffic 
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(2005). Similar results were observed in other cetacean species such as humpback dolphins 

(Sousa chinensis, Jefferson 2000) and humpback whales (Megaptera novaeangliae, Baker and 

Herman 1989). In Shark Bay (Western Australia), the relative abundance of a Tursiops spp. 

population declined 14.9% when the number of tour boats targeting dolphin groups increased 

from 1 to 2, as some dolphins in the population shifted their home range to avoid the tour 

boats (Bejder et al., 2006b). However, it is not clear if these shifts in home range affected 

survival and/or recruitment of the overall population (i.e., true decline). 

 

Environmental factors are known to affect bottlenose dolphin distribution, for example 

fluctuations in sea water temperature (SST) due to the warm-water incursion of El Niño event of 

1982-83 in California (Wells et al., 1999). Along the coast of California, 5 to 12% of the 

resident population of coastal bottlenose dolphins undertook a 670 km migration to the north, 

shifting their home range (Wells et al., 1990). This migration seemed to be in response to 

patchy, unstable and scarcely distributed prey along the open waters of the Californian coast 

(Defran and Weller 1999). If the abundance of the Californian population was estimated 

during this period, surveying only the former home-range of the population, a decline in 

abundance would be apparent. However, if a larger area was surveyed including the new 

home-range of the population, it is unlikely that a decline in abundance would have been 

noted. This is because dolphins shifted their home-range but apparently, there was no increase 

in mortality (i.e., true decline) that would have affected the size of the entire population.  

 

4.6 Conclusion 

Current evidence suggests that the decline in abundance observed in the Bay of Islands is a 

combination of several factors including emigration and mortality. Despite the decline in 

estimated abundance, dolphins continue to be found regularly in the Bay of Islands, suggesting 

a change in the more recent survey period to fewer individuals using the area more regularly. 

However, less than 150 bottlenose dolphins use the Bay of Islands on annual basis; which is of 

concern given the level of tourism impact in the region (Constantine et al., 2004). Stranding 

events need to be properly recorded to understand the recurrence of such episodes and their 

impact on dolphin’s survival. Furthermore, systematic necropsies on beachcast bottlenose 

dolphins will provide valuable information on life history parameters and potential causes of 

death. Photo-identification surveys should be conducted outside the Bay of Islands covering a 

representative range for this population, to detect potential shifts in home range. Meanwhile, 

integrated management throughout different management conservancies covering the range of 

the population should attempt to minimise anthropogenic disturbances while providing 
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appropriate population monitoring. Although the causes of the apparent decline in the Bay of 

Islands require further investigation, a precautionary approach to manage all anthropogenic 

disturbances throughout the range of the population is recommended. 
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5 CHAPTER: REPRODUCTIVE PARAMETERS OF 

BOTTLENOSE DOLPHINS (TURSIOPS TRUNCATUS) IN 

THE BAY OF ISLANDS (NORTHLAND, NEW ZEALAND) 

 

 

Divit (ID 39) and her 2 year old calf in the Bay of Islands. Photo © G. Tezanos-Pinto 
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5.1 Abstract 

A long-term photo-identification database (~11 years) was used to estimate mortality rates of 

calves during the 1st and 2nd year of life. Calving rates were estimated using data collected 

during a period of consistent effort and monitoring of mother-calf pairs (2003-05). Overall, a 

total of 704 surveys were conducted over 2,757 hours of research in which 5,577 sightings of 

408 individually identified dolphins were collected; of these 53 were observed to be 

reproductive females based on association with a dependent calf on ≥ 2 consecutive and 

independent encounters. Additionally, 11 females were sexed using molecular methods and 

direct observation but were never sighted with a calf. Since 1994, 52 young of the year were 

observed with individually identified mothers; the fate of 41 of these calves was documented 

over differing periods of time. The calving rate estimated during 2003-05 (0.25 calf 

(reproductive female)-1 yr-1; CI = 0.16-0.35) was lower than values reported for other 

bottlenose dolphins populations. Conversely, mortality rates to age 1+ (0.42; CI = 0.27-0.57) 

and 2+ (0.22; CI = 0.08-0.58) were higher than reported elsewhere. Similarly to studies 

conducted in other regions and consistent with the estimated calving rate, average calving 

interval was estimated at 4.25 years (range 2.20-6.78; SD = 1.54). Calving seasonality was 

apparent and coincided with the highest sea water temperature during summer. The high calf 

mortality observed here in conjunction with a decline in apparent abundance highlights the 

vulnerability and threatens the persistence of the Bay of Islands subpopulation and the long-

term sustainability of dolphin-related tourism activities. Long-term monitoring is needed to 

understand the causes of high calf mortality; meanwhile integrated management throughout 

the population’s range should focus on managing anthropogenic disturbance implementing a 

precautionary approach. 

 

5.2 Introduction 

In the Bay of Islands, the life histories of 408 uniquely identifiable bottlenose dolphins (Tursiops 

truncatus) have been followed since 1994 through photo-identification. The Bay of Islands 

presents a unique opportunity to study this population because of regular year-round 

occurrence, a high dolphin-encounter rate and a history of long-term studies conducted in the 

region (Constantine 2002; Mourão 2006; Ryding 2001). Preliminary investigations of life 

history parameters based on photo-identification records from 1994 to 1999 suggested 41% 

calf mortality; with most deaths (71.4%) occurring before the calf reached 3 months of age 

(Constantine 2002). Calving is seasonal in the Bay of Islands, with most births occurring in 

summer (Constantine 2002).  
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The Bay of Islands is home to an intense dolphin-tourism industry that includes permitted 

dolphin-watching and dolphin-swimming tours. The effects of these activities on the short-term 

behaviour of the dolphins have been investigated previously (Constantine 2001; Constantine et 

al., 2004) and suggested a decrease in resting behaviour in the presence of 3 or more boats 

(Constantine et al., 2004). However, the consequences of this behavioural change on the 

dolphin’s fitness, energy budget, subsequent survival or reproductive success remain unknown.  

 

During 2003-05, less than 150 dolphins were estimated to be using the Bay on annual basis, 

showing a 38% decline from a similar standardized period of 1997-99 (Chapter 4, this thesis). 

The observed decline in abundance seems to be caused by a combination of factors including 

a shift in home range and low adult apparent survival (Chapter 4, this thesis). Considering the 

relatively small size of this subpopulation, the level of dolphin-tourism activities in the region 

(Constantine et al., 2004) and the recent decline in apparent abundance observed (Chapter 4, 

this thesis), it is necessary to monitor reproductive parameters over time to predict the long-term 

persistence of this local subpopulation. 

 

In this chapter, a long-term photo-identification database is investigated, to estimate 

reproductive parameters of bottlenose dolphins using the Bay of Islands and to gain a better 

understanding of the potential causes of the decline in abundance and apparent adult survival 

observed. A long-term database allows comparison to studies conducted in other regions, such 

as Sarasota Bay, Moray Firth, the Adriatic Sea and Doubtful Sound (Bearzi et al., 1997; 

Connor et al., 2000; Wells and Scott 1990; Wilson et al., 1997). Furthermore, knowledge of 

life history and reproductive parameters will provide a more comprehensive framework to 

understand the ecological and evolutionary forces affecting the survival of this population and 

assess the suitability of current management plans to facilitate population recovery.  

 

5.3 Materials and Methods 

5.3.1 Study area and photo-identification surveys 

Photo-identification surveys were conducted in the Bay of Islands (35.14 S, 174.06 E) in 

Northland (New Zealand) using an independent research vessel and permitted tour boats. A 

description of the study area and survey methodology is provided in Chapters 1 and 3.  

 

5.3.2 Data collection 

Individual identification photographs were taken using a Canon EOS 35 mm with 200 and 

400 ASA colour film and a Canon digital Rebel. Both were equipped with a Tamron 200-400 
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zoom lens. Attempts were made to collect photo-identifications of each individual of the group 

without bias towards dolphins with distinctive marks for individual recognition (Würsig and 

Jefferson 1990). At the end of each encounter a ‘blank’ or ‘spacer’ shot was taken to minimize 

the chance of mixing photographs from different encounters. Analysis of photo-identification 

data collected during 2002-06 included grading photographs for quality and nick 

distinctiveness (refer to Appendix 8.6 and Chapter 4) to avoid false positive and negative errors 

(Stevick et al., 2001). The Bay of Islands catalogue was evaluated using these criteria, which 

resulted in the exclusion of 40 individuals and their associated sighting data (refer to Chapter 3 

and Appendix 8.7). 

 

5.3.3 Group composition 

Five arbitrary size classes were considered based on visual assessment of sizes as compared to 

average adult size: young of the year (neonates and calves < 1 year old), calf (1-3 years old) 

juvenile (4-5 years old) and adult (Constantine 2002; Chapter 3 this thesis). Based on 

information provided by consistent photo-identification effort, the age of individuals reported in 

the field as ‘neonates’ did not exceed 3 months and were identified by the presence of foetal 

folds (Constantine 2002). In the current study, calves and neonates in their first year of life are 

referred to as ‘young of the year’ and were identified by the presence of foetal folds, paler 

coloration and small size (< ½ size of an adult dolphin). Older calves (1-3 years old) were 

identified based on their ‘approximate date of birth’ (refer to calving interval below) and size 

(½ size of an adult dolphin). Mother and calf associations are described below in ‘mother - calf 

identification’. 

 

5.3.4 Sex identification, reproductive and non-reproductive females 

The sex of individuals was inferred by observations of mother-calf association, molecular 

markers or visual examination of the genital slit. For molecular sexing, total genomic DNA was 

isolated from biopsy samples and beachcast dolphins (for methods refer to Chapters 2 and 3). 

The sex of biopsy sampled and beachcast dolphins was identified by amplification of a 

fragment of the sry gene multiplexed with fragments of the ZFY/ZFX genes as a positive control, 

as described by Gilson et al., (1998).  

 

Individually identified adults were assumed to be reproductively mature females when they were 

consistently associated with a calf during ≥ 2 subsequent and independent encounters within 2 

consecutive seasons. In most cases, this was confirmed by individual identification photographs 

of the mother swimming in close association with the calf. Reproductive females (i.e., sexually 
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mature females) were defined as those known to have given birth to viable calves during the 

study period. Non-reproductive females were defined as adults positively sexed as females that 

were never sighted in close association with a calf.  

 

5.3.5 Datasets used  

Photo-identification data collected from 1994-2006 includes individual identification 

photographs, information on group size, composition, behaviour, GPS position and mother-

calf associations. This large dataset provides substantial information for the estimation of 

reproductive parameters. Nonetheless, different datasets were used to provide the best estimate 

for the different parameters in order to minimize potential bias and maximise the use of the 

data. Calf mortality and calving interval were estimated using a subset of the 1994-2006 

dataset consisting of those calves for which fate could be documented by analysis of the 

encounter history of the mother (refer to calf mortality below). Seasonality of calving was 

estimated using a subset of the 1994-2006 dataset consisting of those calves known to be 

neonates (< 3 month old) at the time of their first sighting. Calving rate was estimated using 

data collected during 2003-05 only, when monitoring of mother-calf pairs was consistent and 

the ages of calves were clearly defined as young of the year (< 1 year old) or older calves (1-3 

years old). 

 

5.3.6 Estimation of reproductive parameters  

The estimation of the annual calving rate was restricted to data collected only during 2003-05, 

given that in the previous dataset (1994-2002) there are some instances in which the age of a 

calf was not defined (i.e., young of the year or older calf). A binomial variance was used to 

calculate the confidence interval for the parameter with 95% limits (Baker et al., 1987; Wells 

and Scott 1990) 

 

The annual calving rate was estimated as the total number of young of the year divided the 

total number of reproductive females sighted during that year (Baker et al., 1987). The calving 

rate makes no assumptions about the presence/absence of a calf during years when an 

individual female was not sighted. It does assume however, that the chances of sighting a 

female are not affected by the presence or absence of its calf (Baker et al., 1987). 
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5.3.6.1 Calving seasonality and calving interval 

Mother-calf pairs and calf mortality were described using the same definition (refer to mother-

calf identification below). Female dolphins were not observed giving birth; therefore the first 

sighting of a female accompanied by a neonate was used as an indication of date of birth. It is 

acknowledged that this is a ‘minimum’ date of birth and is referred to as the ‘approximate date 

of birth’. Neonates are distinguished by foetal folds (refer to Chapter 3) and can be up to 3 

months of age (Constantine 2002). A neonate could have been born 1-3 months prior the 

date of first sighting. Alternative methods to estimate date of birth such as the midpoint 

between the last sighting of a known female without a calf and the first sighting with a neonate 

within a 31-day period (Urian et al., 1996; Wells et al., 1987) are not suitable here due to the 

variable resighting rates (refer to Chapter 3) and because intervals between resightings are 

usually longer than 31 days. 

 

Calving interval was estimated as the time elapsed between subsequent births; this was 

estimated as the period of time the female was 1st sighted accompanied with a calf to the date 

of 1st sighting of the female accompanied by her next calf. Previous research suggest that 

calving most births in the Bay of Islands occur during spring and summer (Constantine 2002); 

therefore calving intervals were estimated from those females with consecutive births and 

complete annual sighting records (minimum of 1 sighting per season) or a minimum of two 

sightings during spring and summer. 

 

To explore potential fluctuations in calving seasonality, data on the first sighting of a mother in 

close association with a neonate from 1994-2006 were combined into seasons. Seasons were 

defined as summer (December - February), autumn (March- May), winter (June - August) and 

spring (September - November). 

 

5.3.7 Calf survival/mortality and definition of mother-calf identification 

A young of the year (neonate or calf < 1 year old) was assumed to have survived its 1st year of 

life if the pair (mother and calf) were resighted after 12 months from the date of the 1st pair 

sighting. An older calf (1-3 years old) was assumed to have survived its 2nd year of life if the 

pair were resighted 24 months after the 1st pair sighting. A calf was assumed to have died if the 

mother was resighted in two consecutive encounters without the calf (Steiner and Bossley 2008) 

and the calf was < 18 month of age. These time periods were chosen given that the minimum 

weaning age in the bottlenose dolphin has been estimated at 18-20 months (Smolker et al., 

1992; Wells and Scott 1999). Only data from dolphins known to be neonates or very young 
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calves on a given year were used to avoid potential errors caused by uncertainties regarding a 

calf’s year of birth or age. For example, ID 250 was closely associated with a calf during 

1997-99, however there is no information regarding the age of this calf (it could have been a 

young of the year or an older calf) and hence the data were excluded from the estimates (Table 

5-1). The minimum approximate age a calf survived was estimated considering the interval 

between the first sighting of the mother-calf pair to the last sighting of the pair. 

 

Calf mortality was calculated as the proportion of young of the year (< 1 year old) that were 

assumed to have died, divided by the total number of young of the year assigned to 

individually identified mothers and with a documented fate during that year (Wells and Scott 

1990). Second year calf mortality was calculated as the proportion of calves that were 

assumed to have died before reaching 24 months of life, divided the total proportion of calves 

assigned to individually identified mothers with a documented fate during their 2nd year of life. 

 

Because calves usually lack markings, individual identity was inferred from the close association 

with the identified mother. Given that mother - calf pairs usually stay in frequent association for 

3 years after parturition (Smolker et al., 1992; Wells et al., 1987), a calf that was associated 

with the same mother over this period was assumed to be the same calf, providing its estimated 

age was concordant with previous sightings. For example, a young of the year sighted with its 

mother in 1997 and a calf (1-3 years old) sighted with the same mother during 1998 were 

assumed to be the same calf. Conversely, if the mother was sighted with an old calf (1-3 years 

old) and subsequently with a neonate, those were considered different calves. If the mother was 

not sighted during the next year but was resighted on the 3rd year with an older calf (i.e., ID 

223, ID 299, Table 5-1), the calf sighted during the 1st year was assumed to be the same calf 

and therefore to have survived. When a mother-calf pair was not resighted in the Bay of Islands 

in consecutive years (i.e., ID 80, 296 and 325; Table 5-1), the data were excluded for 

estimation of calving rate or mortality. There is one exception; ID 105 was sighted with a 

neonate on 17th February 1998 and constantly accompanied by the calf until 9th December 

1999. However, during 2000 the female was sighted but there are no data regarding the calf. 

During surveys conducted in 2001 she was sighted in close association with a juvenile. It was 

assumed that the juvenile sighted in 2001 was the calf born in 1998. Effort was not 

concentrated on the collection of mother-calf data during 2000 so it is also possible that the 

calf was overlooked. The calf had a small notch on the fin that allowed individual 

identification, and was subsequently added into the catalogue on the 30th August 2001. It was 

found dead on the 17th September 2004 (estimated age at death: 6 years and 7 months). 
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5.3.8 Sex ratio of stranded specimens 

Tissue samples from 29 stranded bottlenose dolphins along the North-eastern coast of the 

North Island were available for analyses of sex. Genetic analyses (Chapter 2) were conducted 

and the sex ratio of stranded individuals was identified using molecular markers (refer to 

molecular sexing) and tested against an expected 1:1 ratio. 

 

5.4 Results 

5.4.1 Reproductive and non-reproductive females 

From 1994 to 2005, a total of 64 individually identified dolphins were determined to be 

females based on associations with calves (69%), molecular sexing (16%), both molecular 

sexing and association with calves (9%) or observation of the genital slit (6%). Of these, 53 

females were observed during 1342 resightings, of which 27% (n = 363) included a viable 

neonate or calf (Table 5-1). Overall, 66% of these females (n = 35) were sighted with one 

calf, 22.6% were sighted with two calves (n = 12) and 11.4 % (n = 6) were sighted with three 

different calves over the study period (Table 5-1).  

 

Table 5-1. Reproductive females (ID = individual identification number; first column left) sighted since 

1994 to 2006 with one (1), two (2) or three (3) calves (horizontal lines = different numbers indicate a 

different calf for each female) including total number of sightings for the adult (N) and numbers of 

sightings for each calf (columns right, 1st, 2nd, 3rd). Age classes of calves were defined as young of the 

year (< 1 year old; YC), calves (1-3 years old; C) and juveniles (J). Bold and underline indicates 

dolphins that were biopsy sampled and for which sex was independently confirmed as female; a + 

indicates that the mother was sighted during that year but without a calf; a question mark indicates that 

the calf could be the same or a different individual from previous sightings or uncertainty in age-class; 

grey shadow indicates a single sighting of a mother-calf pair that could not be confirmed; bold boxes 

across years indicates that the calf was assumed to be the same individual; yellow shadow indicates 

sightings of young of the year used to estimate mortality (refer to mother-calf identification). 

Abbreviations: Rep. Females = number of reproductive females; yoy (b)= young of the year; yoy fate (c) 

= young of the year whose fate could be documented; yoy sur 1(b1) = young of the year surviving to 1 

year of age. 



Chapter 5: Reproductive parameters of bottlenose dolphins 

- 153 - 

 



Chapter 5: Reproductive parameters of bottlenose dolphins 

- 154 - 

Eleven females (17%) out of 64 have been sexed by direct observation of the genital slit (n = 3, 

ID131, ID 309 and ID 339; Table 5-2), by molecular sexing (n=7) and one dolphin was sexed 

through observation of the carcass after stranding and molecular sexing (ID 300; Table 5-2). 

Ten of these females were never sighted in association with a calf (neonate or calf) during the 

study period (1994-2006) despite, in some cases, extensive sighting histories (e.g., 193, 454). 

One female (ID 229) was sighted in association with a calf only once but this association could 

not be confirmed over further sightings to ascertain that this female was the mother of the calf 

(refer to mother-calf identification). 

 

Table 5-2. Dolphins assumed to be non-reproductive females, including the frequency of sightings from 

1994-2006 (N right column). + indicates the dolphin was sighted. Bold and underline indicates those 

dolphins for which sex was inferred through molecular markers. ID 131, ID 309 and ID 339 were sexed 

through visual observation by R. Constantine and ID 300 was sexed after examination of the carcass and 

molecular markers. ID 229* was sighted once with a calf, but that association could not be confirmed in 

a subsequent sighting. 

 

 

5.4.2 Female reproductive rate and calving interval 

Annually, calving rates ranged from a high of 0.32 (young of the year (reproductive female)-1 

yr-1) in 2004 to a low of 0.21 (young of the year (reproductive female)-1 yr-1) in 2003 and 

2005. Overall, the calving rate for 2003-05 was estimated at 0.25 (young of the year 

(reproductive female)-1 yr-1; CI =0.16-0.35; Table 5-3).  

 

Table 5-3. Calving rates of bottlenose dolphins in the Bay of Islands for 2003-05. Total number of 

known reproductive females (f) and young of the year born to known mothers (b). 

 2003 2004 2005  

Known reproductive females sighted (f) 29 34 29  

Young of the year born to known mothers (b) 6 11 6 Average (CI) 

Calving rate( b/f) 0.207 0.324 0.207 0.246 (0165-0.351) 
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Calving interval could be inferred for 6 females that gave birth to 13 calves from 1994 to 

2006 (Table 5-4). Based on this, average calving interval was estimated at 4.25 years (range 

2.20-6.78; SD = 1.54).  

 

Table 5-4. Calving interval (in yr= years) for reproductive females with >1 calf for which the time of 

birth could be inferred including date of 1st and last sighting of the pair and documented fate of calf (S= 

survived, Not S= not survived, U= unknown fate). * Large calf estimated age 8-11 months on 1st 

sighting. # The last sighting of ID 290 with her 2nd calf indicates an approximate date based on a sighting 

made by a tour operator but no photographs were provided. n/a= not available indicates that there was 

no resighting of the mother-calf pair to document the fate of the calf or estimate its age. 

ID Calf age 

class 

Date 1st seen 

with calf. 

Date last seen 

with calf 

Approx. age 

of calf 

(month) 

Calf survived 

to weaning 

age? 

Calving 

interval (yr) 

39 Neonate 27-Feb-98 20-Jan-02 47 S  
 Neonate 8-Dec-04 13-Mar-06 15 U 6.78 
230 Neonate 8-Feb-97 9-May-98 15 Not S  
 Neonate 9-Dec-99 13-Apr-02 29 S 2.83 
 Calf* 22-Sep-05 12-Nov-05 10-12* U 5.79 
290 Neonate 24-Dec-96 21-Aug-00 44 S  
 Calf 1-Dec-01 Aug-04# ~ 33 S 4.9 
 Neonate 25-Feb-05 24-Mar-06 13 U 3.24 
304 Neonate 6-Dec-96 7-Dec-96 n/a Not S  
 Neonate 16-Feb-99 26-Jul-99 5 U 2.20 
343 Calf 6-Apr-02 

 
16-Nov-04 32 Possibly 

survived 
 

 Neonate 10-Feb-06 n/a n/a U 3.85 
375 Neonate 7-Jan-00 6-Apr-02 27 S  
 Calf 7-Jun-04 10-Feb-06 20 U 4.42 
     Median 4.13 
     Average 4.25 
     Range 2.20-6.78 
     SD 1.54 

 

5.4.3 Calving seasonality 

Overall, the majority of neonates were first observed in summer (70.3%; n=26) and only a 

small proportion during autumn (8%; n=3), winter (2.7%; n=1) and spring (19%; n=7, Figure 

5-1). A 2-month lag was detected when plotting the frequency of neonates observed with sea 

water temperature (SST, °C, Appendix 8.1). Adjusting for this lag, a significant correlation 

between variables was observed (Spearman rank correlation; r2 = 0.528; P < 0.007; df = 

10).  
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Figure 5-1. Calving seasonality inferred from the frequency of the first sighting of a neonate (column; 

n=37) assigned to an identified mother including average SST (°C; line). In brackets is the number of 

bottlenose dolphins groups encountered per season from 1994-2006. 

 

5.4.4 Calf mortality  

Since 1994, 52 young of the year were observed in close association with their mothers in ≥ 2 

subsequent and independent encounters. The fate of 41 young of the year could be 

documented over 1 or 2 years (Table 5-1 and 5-4). Of these 41 young of the year, 17 were 

presumed dead within the 1st year of life, providing a 1st year mortality estimate of 0.42 (CI = 

0.27-0.57). The fate of 18 calves could be further documented into their 2nd year of life; of 

these 4 died before reaching 2 years of age, providing a 2nd year mortality estimate of 0.22 (CI 

= 0.08-0.58). Overall calf mortality during the first 2 years was estimated at 0.52 (CI = 0.36-

0.68; Table 5-5). 
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Table 5-5. Calf mortality during their 1st and 2nd year of life (S= survived, Not S= not survived, U= 

unknown fate),for those calves of which their fate could be documented  including individual 

identification number (adult ID) of its mother, year of birth and the approximate age the calf survived . 
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5.4.5 Sex ratio of stranded specimens 

The sex of 29 stranded individuals (20 males and 9 females) was determined through 

molecular markers to explore the possibility of differential mortality between sexes. Although 

males were more than twice as common in the strandings, this was not significant given the 

small sample size (Binomial test; two-tailed P < 0.061). 

 

5.5 Discussion 

A long-term photo-identification database allowed estimation of the reproductive parameters of 

female bottlenose dolphins using the Bay of Islands, establishing baseline information to 

measure ongoing natural and/or anthropogenic perturbations. The variable re-sighting rates 

and high turn over of some dolphins using the area (refer to Chapter 3) mean that the life 

histories of some females and the fate of their calves could not be documented completely. 

Nonetheless, results provided here are informative and provide baseline information for 

management of this utilised subpopulation. 

 

However, it is acknowledged that each estimate has likely some bias. Calf mortality estimates 

are likely to be underestimates of true rates for several reasons: 1) some calves could have 

been born and died before being observed (especially in the case of infrequently sighted 

females) or not successfully being assigned to a mother. For the same reason, the number of 

reproductive females could have been underestimated; 2) the requirement of 2 independent 

and consecutive sightings to confirm mother-calf associations may have caused 

underestimation of reproductive parameters. Assignment of mother- calf pairs is difficult when 

individuals are infrequent or occasional visitors; but this step is necessary to avoid incorrect 

assignments. Particularly because in the Bay of Islands, both male and non-reproductive 

females have been sighted in association with calves that were not their own; at times males 

were also sighted in close association with females and their neonates for several days (G. 

Tezanos-Pinto, personal observation); 3) mortality rate was assessed indirectly from calves that 

disappeared since no direct observations of dead calves could be made. Nevertheless, the 

methodology employed here is consistent with other long-term studies, resulting in reasonable 

comparisons. 

 

5.5.1 Female reproductive rates 

The average calving rate observed here of 0.25 young of the year (mature females)-1 yr -1 

suggests a crude birth rate of 6.25%, assuming that half the population are females (as 

suggested by a 1.3:1 males to females ratio; Chapter 3) and that half are reproductive females 
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(0.25 x (100 x 0.50 x 0.50)). This is somehow lower than values reported in other populations 

that inhabit similar habitats and used similar age class definitions (range 7.15 - 11%, Hansen 

1990; Würsig 1978) (Table 1-3). However, this estimate does not take into account calf 

mortality. The average calving rate estimated here suggests that on average, a female gives 

birth only once every 4 yrs, which is consistent with the calving interval estimated (4.25 yr).  

 

Female bottlenose dolphins in the Bay of Islands have similar calving intervals to those reported 

from other regions (average of 4.25 years; SD=1.54). For instance, in Sarasota Bay female 

bottlenose dolphins with surviving calves have a minimum calving interval of 2 years, but 3 to 6 

year intervals are more common (Wells 1993b). In Shark Bay, the minimum calving interval for 

female Tursiops spp. with surviving calves is 4 years (Connor et al., 1996). Longer periods of 

parental care than the average, may be explained by differences in nutrition levels, body size 

and the time it takes a calf to become proficient at catching prey (Connor et al., 1996). 

However, longer calving intervals are less likely to be observed in long-lived mammals and 

depend on the duration of the study (Barlow and Clapham 1997), the size of the study area, 

and female resighting rates. Therefore calving intervals estimated here are minimum estimates 

of the true values. 

 

5.5.2 Calving seasonality 

Calving seasonality was first documented in the Bay of Islands by Constantine (2002) who 

found a significant correlation between number of births and surface sea water temperature 

(SST). In the present study, a correlation was also significant with the majority of viable births 

occurring during austral spring and summer. In general, as occurs with terrestrial mammals 

and birds, sexual timing seems most precise in species that undertake migrations or 

populations living in seasonal climates where both light levels and temperature may undergo 

strong seasonal fluctuations (Norris and Dohl 1980). Peaks in calving season have been 

reported in several bottlenose dolphin populations (Bearzi et al., 1997; Schneider 1999; 

Weigle 1990; Wells et al., 1987), particularly those found in high latitudes that are more 

prone to changes in SST (Haase 2000). In contrast, no seasonality was found in Portugal 

(38°N) with births occurring year-round (dos Santos and Lacerda 1987). 

 

It seems likely that females in the Bay of Islands coordinate births with the warmer conditions. 

Calving during the warmest month of the year may reduce the energy demand on the lactating 

female by providing a physiological advantage to the newly-born calf as less energy is required 

to regulate body temperature (Wells et al., 1987). Additionally, prey distribution and availability 
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may fluctuate favouring seasonal births by allowing females to maximize intake when their 

metabolic demands increase during lactation (Cheal and Gales 1992). However, bottlenose 

dolphins show great variability on the seasonality of their reproduction and no simple 

relationship was found in populations off Florida and Texas (Urian et al., 1996); where 

adaptations to local environmental conditions seem to have the strongest influence on 

seasonality of reproduction (Urian et al., 1996).  

 

5.5.1.1 Non-reproductive females 

Of the 64 identified females, 10 were never sighted with a calf and one female was sighted 

with a calf only once; but their association could not be confirmed. Of these females, 4 were 

first sighted in 1994 and identified as adults at the time, suggesting a minimum age of 16-18 

years. It is possible that these females had a calf that was not sighted or that miscarried. 

However, three of these animals were regularly encountered and photographed without calves 

(sighting frequency ranged from 14 to 62 over 12 year period). Such non-reproductive females 

have been reported elsewhere. In Mikura Island (Japan) 2 adult females T. aduncus were sexed 

by visual observation of the genital slit, but never sighted with calves over an 8-year period 

(Kogi et al., 2004). Nevertheless, the 10 out of 64 females seem a high proportion and would 

contribute to lower overall potential of the population. 

 

5.5.1.2 Factors that may affect female reproduction 

Potential causes for low female fecundity may include diseases such as Brucellosis (undulant 

fever or Mediterranean fever). Bottlenose dolphins infected with Brucella have been known to 

abort their foetuses as a result of the infection (Miller et al., 1999). Infected placental and 

vaginal/uterine fluids may transmit Brucella to other cetaceans. Analyses of blood samples 

collected from an adult female Hector’s dolphin (Cephalorhynchus hectori) in Akaroa Peninsula 

(South Island) indicated she was infected with Brucella (Duignan 2004), suggesting the 

possibility that Brucella may be transmitted to other cetaceans in New Zealand waters; future 

research should investigate this possibility. 

 

Evidence from other studies suggest that female reproduction may be affected by the 

cumulative amount of time a female is exposed to dolphin-watching tour boats (Lusseau et al., 

2006). The hypothesis proposed suggests that female mammals tend to prioritize internal 

energy balance to outputs to calf, resulting in lower reproductive success in stressful situations 

(Lusseau et al., 2006c). Given the level of dolphin-watching tour boats in the Bay of Islands 
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and the negative effect these have on the dolphin’s behaviour (Constantine 2001; Constantine 

et al., 2004) it is necessary to investigate the potential effects of tour-boats on female 

reproduction. 

 

5.5.3 Bottlenose dolphins in the Bay of Islands have high calf mortality  

Overall, 42% of calves observed in the Bay of Islands were inferred to have died before their 1st 

year of life and 22% before reaching their 2nd year of life. These values are higher than those 

reported elsewhere (range 13-30%, Table 5-6). In Port River Estuary, 1st year calf mortality 

increases to 36% if the estimate incorporates two young of the year entangled in nets that were 

rescued (Steiner and Bossley 2008). The high calf mortality observed in the Bay of Islands is 

comparable to that of bottlenose dolphins in captivity (1st year mortality=39%, DeMaster and 

Drevenak 1988) and Tursiops spp. that have been subject to anthropogenic disturbance (i.e., 

human provisioning = 56%, Mann et al., 2000). 

 

In Doubtful Sound, a significant increase in 1st year calf mortality was detected (62.5% during 

2002-08) and attributed to tourism impact and the freshwater inflow from an hydroelectric 

power plant (Currey et al., 2009b). In this study, a Cormack-Jolly-Seber (CJS) model was used 

to estimate calf survival incorporating the encounter history of the mother to infer that of the 

calf. This approach differed with previous studies and may not be fully comparable. 

Furthermore, CJS models cannot discriminate between emigration and mortality; despite the 

Doubtful Sound subpopulation having been described as closed (Currey et al., 2007), some 

studies have suggested a low level of migration (Lusseau et al., 2006c; Schneider 1999). This 

could cause overestimation of this parameter if the population is assumed to be closed. 

 

Table 5-4. Summary of Tursiops’ calf mortality estimates mentioned in the text 

  Calf mortality 

Study Area Species 1+ Year 2+ Year 

Bay of Islands1 T. truncatus 42% 22% 

Doubtful Sound2 T. truncatus 62.5% n/a 

Sarasota Bay 3 T. truncatus 19% 10-38% 

Shark Bay4 Tursiops spp. 24% (not provisioned) n/a 

Shark Bay4 Tursiops spp. 56% provisioned n/a 

Port River Estuary5 Tursiops sp. (South Australia) 30-36% n/a 

Mikura Island6 T. aduncus (Indo-Pacific Ocean) 13% n/a 

Captivity7 T. truncatus 39% n/a 

1 This study, 2(Currey et al., 2009b), 3(Wells and Scott 1990), 4(Mann et al., 2000), 5(Steiner 

and Bossley 2008), 6(Kogi et al., 2004), 7(DeMaster and Drevenak 1988). 
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Causes of high calf mortality in the Bay of Islands are unclear. In Shark Bay (Tursiops spp.), the 

mother’s feeding success was a major determinant of calf survival, and predation had minimal 

impact. Known predators of bottlenose dolphins are large sharks and killer whales (Orcinus 

orca); however, dolphins in the Bay of Islands bear very few scars from sharks suggesting that 

attacks may be rare or that a dolphin may not survive them. Only two killer whale attacks have 

been witnessed in the Bay since 1994, one resulting in injury to a dolphin and a second 

causing possible death to 3 animals, but this was not confirmed (Constantine 2002; E. Reufels 

personal communication; refer to Chapter 3). It is acknowledged that this may be an 

underestimate of true predation mortality; however with no direct evidence, it is unlikely that 

predation itself will explain the high calf mortality observed in the Bay of Islands.  

 

It is also possible that females might not feed as successfully as females in other areas. 

However, there is no obvious evidence of emaciation in females to suggest poor nutrition. If 

poor condition of the mothers is not the direct cause of calf mortality, it would appear there are 

some other factors are affecting the survival of the calves. Direct impacts on calf mortality 

possibly include undetected entanglements, and injuries from fishing gear or boat strikes (Wells 

et al., 2008). Indirect effects may result from toxic pollution, prey depletion, dolphin-

watching/swimming tourism activities or possibly a combination of some or all of these factors. 

Two entanglements in fishing lines were observed during the course of this study that involved 

juvenile dolphins (F. Mourão, personal communication; I. Visser personal communication), 

however it is unclear if these events affected subsequent survival of the dolphins. 

 

5.5.4 Sex ratio and stranded specimens 

The sex ratio of beachcast dolphins was male biased but not significant given the sample size. 

Based on the total length of 13 individuals, approximate inferences of age-class could be 

made (1 foetus, 1 neonate, 3 calves, 4 juveniles and 4 adults). In contrast, differential mortality 

between males and females was observed in Sarasota Bay and Florida, where young of the 

year and males had the highest mortality rates (Hersh et al., 1990; Wells and Scott 1990; 

Wells et al., 1987). Information on beachcast specimens along the coast of the north-eastern 

North Island should continue to be collected and analysed to detect if a particular sex or age-

class is more prone to mortality events. 

 

5.6 Conclusion 

Reproductive rates estimated here provide baseline information on bottlenose dolphins using 

the Bay of Islands. The decline in abundance previously reported coupled with a decline in 
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adult apparent survival (Chapter 4) and high calf mortality are of concern and highlight the 

need to closely monitor this population. Causes of calf mortality need to be investigated; two 

neonates’ carcasses were found stranded along the coast of the North Island (A. Van Helden; 

DoC stranding database); however no necropsies were conducted and causes of death were 

unknown. Given that very little is known about the life history of the North Island bottlenose 

dolphin, it is imperative to conduct necropsies to gain an understanding of the potential causes 

of mortality, including diseases and parasites. 

 

Many studies have shown that dolphin-related tourism activities impact on the energetic budget 

and behaviour of dolphins (Constantine et al., 2004; Lusseau 2004a; Stockin et al., 2008), 

having the potential to affect the dynamics and reproductive parameters of the population as 

well as introducing new evolutionary selection pressures. Given the high calf mortality reported 

here, management should attempt to minimize anthropogenic impact under a precautionary 

approach (Thompson et al., 2000); particularly on groups of dolphins containing mother-calf 

pairs. The permanent ban of swimming with groups containing calves in New Zealand waters, 

and particularly the Bay of Islands, should continue to be implemented and be further 

enforced. 
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6 CHAPTER: SUMMARY OF RESULTS, RESEARCH 

AND MANAGEMENT RECOMMENDATIONS 

 
The abundance of bottlenose dolphins in the Bay of Islands and Doubtful Sound has declined. I hope 

sound management will protect these populations so future generations can enjoy watching dolphins in 

the wild as I did. Drawing of bottlenose dolphins in Doubtful Sound by © Neve Baker (11 years old at 

the time, 2004), reproduced with permission of the artist. 



Summay of results and final conclusion 

 - 165 - 

6.1 Overview 

The aims of this thesis were to describe the population structure, group dynamics, abundance and 

reproductive parameters of bottlenose dolphins in the Bay of Islands (Northland). Intensive research 

efforts previously dedicated to this population (Constantine 2001; Constantine 2002; Constantine 

et al., 2004; Mourão 2006; Ryding 2001), have mostly focussed on the impact of tourism activities 

on the behaviour of the dolphins or investigation of social affiliations. In this thesis, I provide new 

and substantial information that will serve as a foundation for research and contribute to improved 

and more effective management of this utilized population.  

 

A powerful approach combining genetic methods and individual photo-identification techniques 

allowed the examination of the population on different time-scales. Genetic analyses (Chapter 2) 

provided an evolutionary perspective on the pattern of population structure of bottlenose dolphins 

in New Zealand; as well as habitat specialization of the species. Further analyses focused 

specifically on ‘the Bay of Islands dolphins’ (i.e., subpopulation) with investigations of group 

dynamics, abundance and reproductive parameters (Chapters 3, 4 and 5) presenting a perspective 

at the individual level. 

 

As mentioned in Chapter 1, this research project was commissioned by the Department of 

Conservation (DoC) and included specific objectives that needed to be investigated in order to 

provide adequate management and monitoring of this utilised population. In this chapter, I 

summarise major findings from each chapter in relation to those objectives and suggest areas for 

research including management recommendations. 

 

6.2 Population structure, genetic diversity and connectivity of the 

New Zealand bottlenose dolphin 

Results from genetic analyses conducted in this thesis (Chapter 2) meet the objectives1 contracted 

by DoC that aimed to: 

• Describe population boundaries and estimate gene flow between the Northland population 

and other regional populations in New Zealand providing information on the rate of 

reproductive exchange between populations 

• Determine patterns of inbreeding/outbreeding  

1A secondary objective proposed to DoC included investigation of paternity. However, given that biopsy samples were 
not collected from calves, it was not possible to conduct this objective. 
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Previous demographic analysis suggested no evidence of interchange between New Zealand 

bottlenose dolphins’ populations. However results were limited to only a few photographs being 

available for comparison from each population (Bräger and Schneider 1998; Constantine 2002). 

The limitation of this approach resides both in sample size and spatial coverage making it less likely 

to identify a moderate to low rate of inter-population dispersal. Analyses of mtDNA control region 

sequences conducted here suggest that the three New Zealand populations are genetically 

differentiated and therefore should be managed separately. However, there is no lineage sorting 

suggesting recent isolation or continuous interchange. Estimates of female migration rates per 

generation suggest reduced female interchange, with most of the movement occurring from the 

north-eastern North Island to the Marlborough Sounds and to Fiordland rather than the reverse 

migration. Nevertheless, the three populations analysed present high levels of genetic diversity at 

both the mtDNA nucleotide and haplotype level. 

 

6.2.1 Bottlenose dolphins in the Pacific Ocean may have only recently adapted to 

coastal habitats 

Genetic analyses conducted in this thesis suggest that habitat specialization occurred independently 

between ocean basins. It is likely that bottlenose dolphins in the Pacific Ocean may have only 

recently adapted to coastal environments, as compared to populations in the Western North 

Atlantic. Nevertheless, the evolutionary processes that have led to this pattern of habitat 

specialization are unknown and one cannot help but wonder why some bottlenose dolphin 

populations are adapting to coastal environments while others are not? And what is the process (or 

processes) driving this specialization? It is possible that cultural evolution plays a direct role in 

habitat specialization of the bottlenose dolphin. In the Pacific Ocean, some populations may be 

adapting culturally to life in a coastal environment, and this adaptation may have its benefits and 

risks. More studies could address this question more specifically, by direct behavioural and 

demographic comparisons of the so-called ‘inshore’ Western North Atlantic population and the 

coastal populations recently derived from widespread pelagic forms; such as the north-eastern 

North Island and Doubtful Sound. Alternatively, evolutionary processes driving habitat specialization 

in the bottlenose dolphin may include environmental factors, foraging or reproductive strategies or 

social structure. 
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6.2.2 T. aduncus in the Indo-Pacific Ocean may fill the ecological niche occupied 

by the ‘inshore’ ecotype in the Western North Atlantic  

T. aduncus (Indo-Pacific Ocean) is found primarily in coastal waters (< 200m deep) and small 

populations occur along insular regions of the Indo-Pacific Ocean (Wang and Yang 2009) . 

Wherever T. aduncus (Indo-Pacific Ocean) populations have been studied, they exhibit restricted 

ranges/movements, strong philopatry, small population size and presumably low levels of genetic 

diversity (Kogi et al., 2004; Shirakihara et al., 2002). The same characteristics have been observed 

in the inshore ecotype of T. truncatus described in the Western North Atlantic (Natoli et al., 2004; 

Sellas et al., 2005; Wells et al., 1980; Wells and Scott 1990). Furthermore, this pattern is 

consistent with the biology of other coastal species of small cetaceans such as the Indo-Pacific 

humpback dolphin (Sousa chinensis) and it contrasts with species living in open-water habitats 

(Reeves and Brownell 2009). Therefore, it seems that in the Pacific Ocean, T. aduncus fills an 

ecological niche similar to that occupied by populations of the inshore ecotype of T. truncatus in the 

western North Atlantic (Tezanos-Pinto et al., 2009). 

 

6.2.3 The New Zealand bottlenose dolphin seems to be interconnected to other 

populations through long-distance gene flow 

Results from these analyses meet the objective2 contracted by DoC that aimed to: 

• Elucidate systematic relationships between T. truncatus in the north-eastern coast of the 

North Island and other bottlenose populations around New Zealand including other areas of 

the South Pacific. 

 

I have examined mtDNA control region sequences from New Zealand and compared them to 

worldwide populations including those described as ‘inshore’ and ‘offshore’ ecotypes. The scope of 

these analyses allowed me to place the regional differences found among New Zealand coastal 

populations in a worldwide context. Results suggest that New Zealand and worldwide bottlenose 

dolphin populations, regardless of habitat use (except for those described as ‘inshore’ ecotype in 

the Western North Atlantic), present relatively high levels of genetic diversity and no lineage sorting 

or apparent phylogeography possibly resulting from a combination of ongoing long-distance gene 

flow and founder events due to recent colonization of coastal habitats. Moreover, T. truncatus 

populations worldwide (except for those described as ‘inshore’ ecotype in the Western North 

Atlantic) present a complex equilibrium between genetic isolation and interchange, forming what 

appears to be an evolutionary interconnected metapopulation (Sale et al., 2006). Under this 
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scenario, the discrepancy found between high genetic diversity and low population size is not 

unexpected. In T. truncatus inter-patch dispersal could occur by long-distance gene flow and/or 

mediated by pelagic populations. The metapopulation would follow a mainland island model 

(Harrison and Hastings 1996), where the mainland is represented by pelagic T. truncatus 

populations. A similar metapopulation pattern has also been proposed for another worldwide 

distributed dolphin species; the spinner dolphins from French Polynesia (Stenella longirostris 

longirostris, Oremus et al., 2007). 

 

6.2.4 Pelagic bottlenose dolphins are sporadically sighted in New Zealand 

coastal waters and may represent a source of gene-flow  

The designation ‘offshore and ‘inshore’ was first employed by Duffield et al., (1983) to describe two 

T. truncatus ecotypes in the Western North Atlantic (WNA) based on independent lines of evidence 

(haematology profiles and distribution). However, the WNA is the only region described so far 

where an inshore ecotype is clearly differentiated based on genetic grounds. In all other regions 

studied to date, there is insufficient evidence to distinguish between differential habitat use by 

individuals and true ecotype specialization of particular bottlenose dolphin genetic lineages; New 

Zealand is no exception to this. In this regard, I suggest referring to groups of dolphins living in 

open-waters habitats as ‘pelagic’ or ‘oceanic’ to avoid confusion with true ecotype specialization 

(i.e., offshore). 

 

Pelagic bottlenose dolphins have been sporadically sighted in the coastal waters of New Zealand. 

From 1997 to 2007, eight encounters with possibly pelagic dolphin groups have been recorded in 

Northland (R. Constantine personal communication; G. Tezanos-Pinto unpublished data). Potential 

pelagic individuals are diagnosed by the presence of heavy scarring from cookie-cutter sharks 

(Istius sp., Jones 1971), larger group size (60-100 individuals) and sometimes by their close 

association with false killer whales (Pseudorca crassidens, Constantine 2002). The eight encounters 

reported here occurred during summer months (December-February). During this season, the 

subtropical east Auckland current occurs along the coast of Northland, increasing surface sea 

temperature and productivity, and bringing pelagic fish species nearshore (Owens 1993). 

Presumed pelagic bottlenose dolphins have been observed in mixed groups with dolphins that 

reside in coastal areas during the reproductive season (G. Tezanos-Pinto, personal observation); 

suggesting possible ongoing genetic interchange. Furthermore, two samples from presumed 

pelagic individuals collected in this study, had haplotypes shared with the north-eastern North 
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Island coastal population (G. Tezanos-Pinto, unpublished data). However, nearshore movements by 

pelagic individuals do not strictly imply gene flow through successful mating; they could also be 

related to foraging strategies (e.g., prey movements) or other non-reproductive behaviours. 

 

6.3 Groups of bottlenose dolphins in the Bay of Islands present a 

dynamic pattern of habitat use over time 

This chapter meets two objectives contracted by DoC that aimed to: 

• Examine differences in group size, composition and maternal lineages of frequent users and 

non-frequent users in the Bay of Islands. 

• Analyse the sex ratio of the population and investigate if kinship influences associations 

between individuals 

Analyses of the group dynamics in the Bay of Islands confirmed previous findings by Constantine 

(2002) and provided new information on seasonality, change of use of the area over time, 

maternal lineages and sex. Groups of bottlenose dolphins in the Bay of Islands average 16.7 

dolphins; this is similar to other populations that inhabit open-water habitats such as Kino Bay in 

the Gulf of California (average 15 dolphins), Golfo San José in Argentina (average 14.9 dolphins), 

Virginia (average 14.4 dolphins) and along the open coast of the North-eastern USA from Cape 

Hatteras to Nova Scotia (average 15.4 dolphins, Ballance 1992; Barco et al., 1999; Blaylock 

1988; Kenney 1990; Würsig 1978). In these regions, the large group sizes observed were 

attributed to foraging strategies or the distribution/availability of prey (Ballance 1990; Würsig 

1978). Similarly, in primates, group size, home range and foraging strategies are related to 

characteristics of the habitat (Clutton-Brock and Harvey 1977). Unfortunately, there is not enough 

information on foraging strategies or species of prey consumed by bottlenose dolphins in the Bay of 

Islands to test this hypothesis. 

 

Analysis of resighting rates confirm previous findings by Constantine (2002) and suggest a very 

dynamic pattern of use with a small subset of dolphins sighted in the area more often than expected 

(i.e., frequent users ~ 20%) while most dolphins were occasional or infrequent visitors. This pattern 

seems to be common in the bottlenose dolphin, with some individuals presenting different degrees 

of residency (Irwin and Würsig 2004) and has been described in the Marlborough Sounds (29% 

observed ≥ 7 sightings), the Sono river estuary in South Carolina (19% residents), Golfo San José 

(~10% core users) and the eastern Ionian Sea (~30% residents, Bearzi et al., 2005; Merriman 
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2007; Würsig 1978; Würsig and Würsig 1977; Zolman 2002). These regions present a 

combination of habitats that may produce a wide variation in the distribution and availability of 

food resources throughout the year, resulting in complex patterns of group size, residency and site 

fidelity. Alternatively, differences in individual behaviour may be due to ecological or social 

variations resulting in some dolphins being more site-specific whereas others range wider. 

 

Preliminary analyses of mtDNA control region sequences of pairs or trios of dolphins with long-term 

associations suggested that maternal kin is not a principal determinant of such associations (G. 

Tezanos-Pinto, unpublished data). In contrast, kinship seems to play an important role in the 

formation of alliances among males in the Bahamas and Tursiops spp. off Shark Bay (Krützen 

2002; Parsons et al., 2003). However, in the Bay of Islands no male alliances such as these have 

been observed. In Sarasota Bay, multiple generations of more than one maternal lineage are 

present in a female band (Duffield and Wells 1991) and similarly to the Bay of Islands, social 

affiliations are more important in the maintenance of long-term relationships between individuals 

(Duffield and Wells 2002). 

 

6.3.1 The number of frequent users has declined and some of them have changed 

their pattern of habitat use over time 

There were 50 frequent users during 1997-99 but only 37 dolphins were identified as frequent 

users during 2002-06. Of these 37 dolphins only 20 were classified as frequent users during 

1997-99 whereas the remaining were ‘new frequent users’ as they were not frequently sighted 

before the study period. Under this definition, dolphins identified as frequent users during one study 

period were not during the next study period. Specifically, 14 frequent users during 1997-99 were 

entirely absent in the area during 2002-06 (Appendix 8.11); of these, 5 were known to have died. 

A similar pattern was observed in Golfo San José in Argentina where some frequent users (i.e., core 

users) changed their pattern of use of the area. Furthermore, in this region a shift in habitat usage 

was also recorded and attributed to environmental or ecological factors (Würsig 1978). 

 

The Bay of Islands is an important habitat for the north-eastern North Island population and it is 

unlikely that dolphins will suddenly discontinue using the area. However, there are some relevant 

questions that arise from the changes in use of the area for some frequent users observed during 

the course of this study. For instance, why do some dolphins stay and others go? Why do some 

dolphins change the way they use the area over time? Is it possible that dolphins exploit different 
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resources or that competition between dolphins lead to the exclusion of some animals when prey 

become less abundant? Or is it possible that some dolphins have become accustomed to the 

continuous presence of tour boats while others have not, and avoid the area altogether? 

 

 

6.4 The abundance of bottlenose dolphins in the Bay of Islands 

has declined at 38% from 1998 to 2004 

This chapter meets to the following objective3 contracted by DoC that aimed to:  

• Develop an individual-based model for population dynamics, allowing confirmation of 

trends of an increase or decrease in abundance. 

 

Open CJS population abundance models were fitted considering the characteristics of this 

population. The estimates of abundance obtained here are considered precise and suggest that 

only a small number of uniquely identifiable adult dolphins (<150) use the Bay of Islands on an 

annual basis. Dolphins are still frequently encountered in the Bay of Islands; however the low 

annual abundance estimated raises concerns regarding the potential cumulative effect of tourism 

activities in the region.  

 

It is acknowledged that the ability to detect accurate trends in abundance requires many years of 

continuous monitoring, unless changes in population size are high (Thompson et al., 2000). In this 

thesis, I estimated a 38% decline in apparent abundance over a 6 year period. However, current 

data are insufficient to distinguish between a continuous trend of decline or a single event that 

resulted in increased emigration/mortality. Nevertheless, a continuous trend of decline at this rate is 

unsustainable in the long-term. 

 

Declines in abundance resulting from shifts in home-range (i.e, apparent decline) have been 

reported in Shark Bay and Milford Sound and were attributed to tourism impacts (Bejder et al., 

2006b; Lusseau 2005). Environmental factors are also known to affect dolphins’ distribution (Wells 

et al., 1990) resulting in shifts in home-range. Prey depletion has caused a decline in the 

occurrence of common dolphins (Delphinus delphis) in the Mediterranean Sea (Bearzi et al., 2006). 

In the Bay of Islands however, estimates of adult apparent survival are lower (0.91 in 1999 and 

0.72 in 2004) than those reported for other populations (Range: 0.90-0.97, e.g., Currey et al., 
3A secondary objective aimed to generate sex-specific estimates of abundance. However, the sex was only known for 22% 
of dolphins in the current catalogue (n=408), given that the majority of these are potential females (71%) sex-specific 
estimates would not be precise or representative. 
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2009b; Stolen and Barlow 2003; Wells and Scott 1990). Beachcast dolphins provide evidence of 

direct mortality. Since 1996, 51 bottlenose dolphins were found along the north-eastern coast of 

the North Island. However, beachcasts specimens do not necessarily provide evidence for an 

increase in true mortality (i.e., true decline). 

 

6.4.1 Bottlenose dolphins along the north-eastern coast of the North Island and 

around New Zealand have relatively low abundance 

In the recent past, some population abundance studies conducted on coastal dolphins used closed 

methods to estimate the ‘total’ abundance of the population, despite violations to the closure 

assumption (e.g., Constantine 2002; Hansen 1990). Partially, this may have occurred because the 

estimates obtained with Cormack-Jolly-Seber or Jolly-Seber methods tend to reflect the number of 

dolphins using the study area over a given period of time rather than the ‘total abundance’ of the 

larger population; which is usually of interest to managers. Recent modern open population models 

(Nichols 2005), allow estimation of the ‘total abundance’ of the population and some may 

estimate different population parameters (e.g., reverse time models: recruitment, growth rate, 

survival, Pradel et al., 1997). The ‘super population’ approach (Crosbie and Manly 1981; Schwarz 

and Arnanson 1996) provides abundance estimates allowing entries (i.e., births, immigration) and 

losses (i.e., death, permanent emigration), estimating the abundance of all animals that have 

visited the study area at some stage (Williams et al., 2002). It is a powerful method that is suitable 

for long-term studies where the use of models assuming population closure is not reasonable. This 

approach has been applied for coastal cetaceans such as humpback (Souza chinensis) and snubfin 

dolphins (Orcaella heinsohni, Parra et al., 2006). 

 

In this thesis, a superpopulation approach estimated a total of 325 marked adult dolphins along 

the north-eastern coast of the North Island that have used the Bay of Islands at some time. 

Correcting 24% for the unmarked proportion of the adult population (Chapter 4; Appendix 8.14) 

this result in 428 dolphins. This estimate updates and refines the one provided by Constantine 

(2002) of 446 dolphins. Furthermore, this suggests that bottlenose dolphins in the north-eastern 

coast of the North Island have relatively low abundance, and particularly so when compared to 

other coastal species in New Zealand; such as the South Island Hector’s dolphin (Cephalorynchus 

hectori). For example, a MRC study conducted in Banks Peninsula suggested that 1,100 Hector’s 

dolphins (CV=0.21) are found in the local population (Gormley et al., 2005). The Fiordland and 

the Marlborough Sounds bottlenose dolphin populations have 205 (CV=3.5%) and 211 (CI=195-
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232) dolphins respectively (Currey et al., 2009a; Merriman 2007) suggesting that nationwide, this 

species has low abundance. This is of concern given that all these populations are targeted by 

intense tourism activities (e.g., Constantine et al., 2004; Lusseau 2003a; Merriman 2007) and 

detrimental effects have been observed in the Bay of Islands and Fiordland (Constantine et al., 

2004; Lusseau 2003a; Lusseau 2004a; Lusseau 2005). Furthermore, a recent study suggests that 

the Fiordland population meets the IUCN criteria for classification as critically endangered and 

therefore, faces an ‘‘extremely high risk of extinction in the wild” (Currey et al., 2009a). Further 

research should evaluate if this is also the scenario for the north-eastern North Island population. 

 

6.5 Bottlenose dolphins in the Bay of Islands have low 

abundance but high calf mortality 

This chapter meets the following objective contracted by DoC that aimed to: 

• Examine the interaction between maternal lineages, fecundity, and calf survival. 

 

Estimates of calf mortality rates are higher than values reported in other regions, with 42% of calves 

dying before reaching their 1st year of life and 22% before reaching their 2nd year of life. This high 

calf mortality is comparable to that of bottlenose dolphins in captivity (1st year mortality=39%, 

DeMaster and Drevenak 1988) or a Tursiops spp. (Shark Bay) population subjected to human 

provisioning (56%, Mann et al., 2000), suggesting that some factors are considerably affecting the 

survival of calves in the Bay of Islands. Potential causes of calf mortality identified in Tursiops spp. 

(Shark Bay) include predation and anthropogenic disturbance through food provisioning (Mann et 

al., 2000; Mann and Watson-Capps 2003). However, causes of high calf mortality in the Bay of 

Islands are unclear. Predation may contribute to mortality to some extent; however it is very unlikely 

that predation itself explains the high calf mortality observed in the Bay of Islands. Direct impacts on 

calf mortality may include undetected entanglements, injuries from fishing gear or boat strikes 

(Wells et al., 2008). Indirect effects may result from toxic pollution, prey depletion, dolphin-

watching/swimming tourism activities or possibly a combination of some or all of these factors.  

 

In Doubtful Sound a significant increase in calf mortality from 14% to 62% was observed and 

associated with a decline in population abundance. The declines in both calf survival and 

abundance were attributed to anthropogenic disturbance caused by tour boat operators and 

increase in water discharge from an hydroelectric power plant (Currey et al., 2009b). However, the 
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method employed to estimate calf survival in Doubtful Sound differed from the approach employed 

in this thesis, which may result in not fully comparable estimates. Nevertheless, it seems that 

dolphins in this region do not become habituated nor sensitised to interactions with tour boats 

(Lusseau 2003b). Furthermore, female dolphins tend to vertically avoid interactions (i.e., dive) with 

tour boats when the cost of these is high (i.e., risk of injury), resulting in increased metabolic costs. 

The hypothesis suggests that females divert energy that would normally be allocated to biological 

functions, such as lactation or pregnancy, to cope with the cost of avoidance. This may ultimately 

affect the survival rate of lactating calves and the birth rate of viable calves (Lusseau 2003b).  

 

Alternative causes that may affect female reproduction include diseases such as Brucellosis 

(undulant fever or Mediterranean fever). Bottlenose dolphins infected with Brucella have been 

known to abort their foetuses as a result of infection (Miller et al., 1999). An adult female Hector’s 

dolphin (Cephalorhynchus hectori) in Akaroa Peninsula (South Island) was tested positive for 

Brucella (Duignan 2004), suggesting the possibility that it may be transmitted to other cetaceans in 

New Zealand waters.  

 

6.6 Risk of living in coastal/estuarine environments 

Bottlenose dolphins are distributed worldwide in a range of coastal, pelagic and insular habitats 

(Leatherwood et al., 1983). Genetic analyses conducted in this thesis suggest that habitat 

specialization has occurred independently between bottlenose dolphin populations inhabiting 

different ocean basins. Furthermore, it seems that some Pacific Ocean bottlenose dolphins are a 

pelagic form that has only recently adapted to exploit coastal environments. Another worldwide 

distributed species that may present the same pattern of habitat specialization is the rough-toothed 

dolphin (Steno bredanensis). The rough-toothed dolphin is usually found in deep waters (>500 m) 

and is described as an oceanic species (Miyazaki and Perrin 1994). However, studies conducted in 

the Canary Islands, Honduras, Hawai’i and French Polynesia described resident populations with 

site fidelity and restricted movements (Oremus 2008). Furthermore, in French Polynesia, the species 

seems to prefer coastal insular habitats because of a higher abundance of prey along the shelf (i.e., 

in the deepest nearshore waters) and genetic analyses indicated closed communities with low 

genetic diversity suggesting a highly stable social structure (Oremus 2008). 
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Coastal environments in insular regions may provide protection from predators and more 

predictable and abundant prey resources. Nevertheless, pelagic species adapting to coastal 

habitats need to learn to withstand changes in environmental and ecological conditions and the 

associated risks this environment may posses. For example, environmental conditions may include: 

effects of tides, flooding, changes in salinity or water temperature and geomorphology. Ecological 

conditions may include eutrophication, changes in prey distribution or abundance. Along the north-

eastern coast of the North Island, bottlenose dolphins frequently strand, particularly in river mouths 

with shallow estuaries and mangroves where dolphins enter to feed (DoC stranding database). 

Dolphins chase fish and pursue them onto exposed mud-banks (Constantine 2002) and sometimes 

these episodes result in the dolphins getting trapped in shallow waters and dying. Since 1996, 56 

stranding events were recorded in the North Island involving 80 bottlenose dolphins; of which 51 

died (A. Van Helden, DoC stranding database, Appendix 8.16). The causes of these stranding 

events are unknown; however entrapment in shallow waters may present a risk for some individuals 

in the population. 

 

Another risk of adapting to a coastal environment is dependency on local prey species. In Doubtful 

Sound, bottlenose dolphins live at the extreme temperature range of the species (Schneider 1999). 

Bottlenose dolphins in Doubtful Sound constitute a resident subpopulation (Schneider 1999) and 

studies of their foraging ecology suggest they depend significantly on local prey species associated 

with reef habitats (Lusseau 2004b). The residency pattern of the dolphins indicates that they do not 

access food sources outside Doubtful Sound to a significant extent; which may result in resource 

limitation for some parts of the year (Lusseau 2004b). Furthermore, the limited productivity of the 

fiord may have resulted in the population persisting at the carrying capacity of the environment 

(Lusseau 2004b). Hence, dolphins may be vulnerable to localized environmental changes that 

affect their energy budget from increased foraging effort or increased thermal stress (Lusseau 

2003b). 

 

An additional risk for a small isolated population such as Doubtful Sound is the loss of genetic 

diversity (i.e., inbreeding) and stochastic demographic events (e.g., biased sex ratio, random 

mortality events). If Doubtful Sound is indeed genetically isolated, the threat of extinction by these 

random events is likely to be high. Inbreeding contributes to reductions in genetic diversity 

(heterozygosity), which in the long term affects the adaptability of the population to environmental 

changes. In the short term, it reduces reproduction and survival (i.e., inbreeding depression) and 
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leads to increased risk of extinction (Frankham et al., 2002). Recent studies have shown that 

genetic diversity often correlates with diverse measures of fitness, including birth weight (Coulson et 

al., 1998) juvenile survival (Coltman et al., 1998), parasite load (Coltman et al., 1999), 

reproductive success (Amos et al., 2001) and potential to recover from disease (Acevedo-

Whitehouse et al., 2003). 

 

6.7 Research and management recommendations 

6.7.1 Pelagic bottlenose dolphins in New Zealand waters 

The New Zealand Threat Classification System (NZTCS) is used to list nominated New Zealand taxa 

according to their threat of extinction (Hitchmough et al., 2007; Molloy et al., 2002). The NZTCS 

currently lists a population of ‘offshore’ bottlenose dolphins as ‘taxonomically indeterminate’ and 

their status in New Zealand as ‘data deficient’ Analyses conducted in Chapter 2 confirmed that 

New Zealand bottlenose dolphins inhabiting coastal habitats are Tursiops truncatus (Appendix 8.4). 

Furthermore, two samples of possible pelagic dolphins were undoubtedly classified also as Tursiops 

truncatus. Results further indicated that with current data, there is no genetic evidence to suggest a 

distinction between ‘inshore’ and ‘offshore’ ecotypes in the western Pacific Ocean (including New 

Zealand). Therefore, I suggest changing the designation of ‘offshore’ bottlenose dolphins to pelagic 

and taxonomically determinate. Future research should be conducted to characterise pelagic stocks 

of bottlenose dolphins that might be linking coastal populations. The implementation of 

independent lines of evidence (e.g., nuclear and mitochondrial markers, habitat use and 

morphology) could provide valuable information to understand the pattern of habitat specialization 

and processes leading to it. 

 

6.7.2 Fine-scale population structure and sex-biased dispersal  

It is possible that there is some fine-scale population structuring within New Zealand bottlenose 

dolphins populations, similar to that observed in other regions (Krützen et al., 2004; Sellas et al., 

2005); which may result in different management units (MU). Genetic analysis would provide 

valuable information to detect long-term isolation or describe the pattern of gene flow (e.g., 

isolation by distance). This is important given the reduction in abundance and apparent survival of 

dolphins in Doubtful Sound and the Bay of Islands (Chapter 4 this thesis, Currey et al., 2007; 

Currey et al., 2009b). Furthermore, analysis of nuclear markers (i.e., microsatellites) will provide 

additional insights into sex-biased dispersal. 



Summay of results and final conclusion 

 - 177 - 

 

6.7.3 Foraging strategies and feeding ecology of the bottlenose dolphin 

Analyses of stable isotopes have been applied successfully to investigate the diet of marine 

mammals allowing tracing of the diet by providing information on the origin and trophic levels of 

prey (e.g., Lesage et al., 2001; Lusseau 2004b; Ostrom et al., 1993). Alternatively, behavioural 

observations combined with environmental data may allow establishing relationships between the 

distribution of predator and its potential prey (Jaquet and Gendron 2002). Investigating the 

foraging strategies and feeding ecology of bottlenose dolphins in the Bay of Islands including 

potential changes in prey availability or distribution, may explain seasonal and annual variations in 

group size and the high turn over rate of some frequent users. 

 

6.7.4 Impact of tourism activities in the Bay of Islands and along the north-

eastern coast of the North Island 

The reduction in the number of dolphins using the Bay of Islands, particularly of frequent users has 

significant implications for management given that a subset of the population is likely to be targeted 

more often by dolphin watching/swimming tours and therefore may be more vulnerable to the 

cumulative impact of these activities. Monitoring the interactions of individual dolphins that are 

more frequently targeted by dolphin-watching tourism activities will help to address this problem. 

 

Research should also explore the long-term effect of tour boat operators on the dolphins’ 

behavioural budget to properly asses the long-term impact these activities may have on the 

population. Furthermore, monitoring of tourism activities should not be limited only to the Bay of 

Islands but should incorporate other areas throughout the population’s range to asses the potential 

cumulative effects these activities may have on the survival and long-term persistence of the 

population. Additionally, the impact of tourism activities throughout the bottlenose dolphin’s range 

in the North Island should be managed consistently, integrating management efforts through 

different conservancies. 

 

6.7.5  Monitoring population abundance and trends over time 

Photo-identification surveys should be conducted outside the Bay of Islands to adequately monitor 

the population and determine if the decline in abundance observed in the Bay of Islands is a 

consequence of a shift in home range (i.e., apparent decline), increased mortality in the larger 

population (i.e., true decline) or a combination of both.  
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Comparison of individual identification catalogues from the Bay of Islands and Hauraki Gulf should 

be performed on an ongoing basis to monitor the level of movement between regions and potential 

shifts in home range. Furthermore, comparison of catalogues can provide further information on 

survival and reproductive rates. Meanwhile, it is necessary that different management conservancies 

throughout the range of the population integrate management and research efforts under a 

precautionary approach to provide a consistent framework to manage anthropogenic impact.  

 

6.7.6 Reproductive parameters and calf mortality 

Individual photo-identification surveys should be conducted outside the Bay of Islands to document 

the fate of calves from infrequently sighted females and obtain reproductive rates from the broader 

population. The Bay of Islands and Hauraki Gulf catalogues should be compared frequently to help 

documenting the fate of mother-calf pairs; particularly of infrequently sighted females. 

 

Potential causes of the high calf mortality observed in the Bay of Islands should be investigated. 

Necropsies should be systematically conducted on beachcast bottlenose dolphins (including all 

ages) not only to detect causes of death, but to gather information on life-history parameters. 

Particularly, to understand the incidence of diseases, parasites, predators, entanglements, injuries in 

fishing gear and boat strikes. Furthermore, research should be conducted to understand the effects 

of indirect threats that might be affecting calf survival. These include: toxic pollution, prey depletion 

and dolphin-watching/swimming tourism activities.  

 

Bottlenose dolphins are susceptible to bioaccumulatory contaminants such as organochlorines and 

first-born calves received 80% of their mother’s body burden of contaminant residues (Cockcroft et 

al., 1989), perhaps leading to increased neonatal mortality. High values of organochlorines have 

been reported in common dolphins (Delphinus sp.) using the Hauraki Gulf (Stockin et al., 2007); 

which is of concern. Studies should be conducted to investigate the possibility of toxic pollution on 

the bottlenose dolphin. 

 

Previous research conducted in the Bay of Islands has suggested that tourism activities negatively 

impact the short term behaviour of the dolphins (Constantine et al., 2004); however the potential 

long-term consequences on survival or reproductive success have not yet been investigated. 

Collection of biopsy samples of known reproductive females could provide valuable information to 



Summay of results and final conclusion 

 - 179 - 

test hypotheses of female reproductive success given the large dataset currently available.  Given 

the vulnerability of calves, tourism activities targeting dolphin groups with mother-calf pairs, should 

be managed using a precautionary approach throughout the population’s range. However, policies 

need to be enforced for effectiveness, otherwise the benefits of a management program might be 

trivial (Lusseau 2002). 

 

6.8  Conclusion 

The bottlenose dolphin is one of the best studied cetaceans because of their coastal distribution 

and worldwide range (Leatherwood and Reeves 1990). Because of this, however, they face 

numerous threats such as by-catch, pollution, boat strikes, prey or habitat alteration and tourism 

activities (Wells and Scott 1999). Furthermore, because they are a relatively ‘common’ species 

some populations tend to be neglected by conservation managers (Bearzi et al., 2008b).  

 

The population along the north-eastern coast of the North Island is relatively small (428 adult 

dolphins); which makes it vulnerable to decline for a variety of reasons including reductions in 

fecundity or stochastic events such as disease outbreaks or the loss of key reproducing females. The 

high calf mortality, in conjunction with the observed decline in apparent abundance, highlight the 

vulnerability and potential risk to the long-term persistence of this utilised population. Long-term 

monitoring throughout the population range is needed. Furthermore, given the vulnerability of 

calves, anthropogenic activities that may have potential effects on calf survival should be managed 

using a precautionary approach. Different management conservancies throughout the bottlenose 

dolphin range along the coast of the north-eastern North Island need to coordinate their 

conservation efforts in a consistent manner. Additionally, policies must be enforced for 

effectiveness; otherwise the benefits of a management program might be trivial (Lusseau 2002). 

Recently, the Fiordland population has met the IUCN criteria for classification as critically 

endangered, facing an ‘‘extremely high risk of extinction in the wild” (Currey et al., 2009a). 

Hopefully, sound management will prevent the north-eastern North Island population from 

following the same path. Bottlenose dolphins in New Zealand waters offer a growing economic and 

aesthetic resource and their conservation should be a priority. 
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Table 6-1. Demographic parameters of bottlenose dolphins referred to in the text including results from this thesis. Abbreviations: Sp= species,  

Pop=population, SE= standard error, SD= standard deviation, CV= coefficient of variation, cat=catalogue, Max= maximum, adj. fecundity= adjusted 

fecundity, yoy= young of the year, y=years, ♂= male, ♀= female, cm= centimetres, n/a= not available.  

 

 

Sp. 
designation 

Study location Pop. 
Estimate  ± 
SE or CV 
(year) 

Max. 
body 
size 
(cm) 

Age at 
sexual 
maturity 
(y) 

Mean crude 
birth rate 

Mean adj. 
fecundity 

Mean 
recruitment 
to age 1 

Mean annual 
survival  yoy 

Mean 
mortality 
rate  yoy 

Mean 
mortality 
rate 1-2 y 
old 

Bay of Islands 1 428 adults >300 n/a Calving rate 
=0.25( CI= 
0.16-0.35) 

n/a n/a 0.58 (CI=0.43-
0.73) 

0.42 
(CI=0.27
-0.57) 

0.22 (CI = 
0.08-0.58) 

Doubtful Sound 
2,3,4 

56; CV=1% 
(2006-07) 

>300 n/a 0.056- 0.138; 
(SD=n/a) 

n/a n/a 0.37 (CI=0.21-
0.58) 

0.62 n/a 

Sarasota Bay 5,6 98; ± 9.5 
(1986) 

♂=261
♀=251 

♂=8-12 
♀=5-10 

0.055 
(SD=0.009) 

0.144 
(SD=0.02) 

0.048 
(SD=0.008) 

0.80 (SD=0.070) 0.189 
(SD= 
0.064) 

0.010 
(SD=0.004) 

North Carolina 
7,8 

1,033 ± 
203 (2000) 

n/a ♀= 7 n/a 0.22 
(SD=0.09) 

n/a 0.89 0.11 n/a 

Adriatic Sea 9 106 cat. n/a ♀=5-7 0.049 
(SD=0.034) 

n/a n/a n/a n/a n/a 

T.
 tr

un
ca

tu
s 

Moray Firth 10 129 ± 32 n/a n/a 0.046-0.056 n/a n/a n/a n/a n/a 
T. aduncus 
(South 
Africa) 

Natal (South 
Africa) 11,12 

900 
(SE= n/a) 

♂=243
♀=238 

♂=11-13 
♀=9-11 

0.043-0.065 n/a n/a n/a n/a n/a 

T. aduncus 
(Indo-
Pacific 
Ocean) 

Mikura Isl. 
(Japan) 13,14 

220 
(SE= n/a) 

♀=220 n/a 0.071 
(SD=0.02) 

0.24 
(SD=0.08) 

0.068 
(SD=0.03) 

0.867 n/a n/a 

Tursiops 
spp. (Shark 
Bay) 

Shark Bay 15,16 2064 ± 
264 (1994) 

220-
230 

♀=12-15 n/a n/a n/a n/a 0.24  n/a 

1 (Chapter 4 and 5, this thesis); 2, 3, 4(Currey et al., 2007; Currey et al., 2009b; Haase and Schneider 2001); 5, 6(Reynolds et al., 2000; Wells and 

Scott 1990); 7, 8(Graves Thayer 2008; Read et al., 2003); 9(Bearzi et al., 1997); 10(Wilson et al., 1999); 11, 12(Cockcroft and Ross 1990; Ross et al., 

1989); 13, 14(Kakuda et al., 2002; Kogi et al., 2004); 15, 16(Mann et al., 2000; Preen et al., 1997). 
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8 APPENDICES 

 

 

Spot (BOI 502) and Fowly (BOI 500) at Cooks Cove (Bay of 

Islands) Photo: © G. Tezanos-Pinto 
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8.1 APPENDIX: NORTHLAND SEA SURFACE TEMPERATURE 

 

Electronic appendix. DVD 2: PDF file containing annual and seasonal average sea surface 

temperature (SST) in Northland from 1994-2006. Data measured daily at Leigh Marine Laboratory, 

University of Auckland. Courtesy of Arthur Cozens, Leigh Marine Laboratory. 

File labelled: 

  

 

8.2 APPENDIX: TABLE OF UNIQUE MTDNA CONTROL REGION 

SEQUENCES OF WORLDWIDE BOTTLENOSE DOLPHINS  

Electronic appendix. DVD 2: PDF file containing table with 135 unique mtDNA control region (CR) 

haplotype sequences of T. truncatus representing 586 samples from 19 regions.  

File labelled: 

 

 

8.3 APPENDIX: NEW ZEALAND BOTTLENOSE DOLPHIN MTDNA 

CONTROL REGION SEQUENCES SUBMITTED TO GENBANK 

Electronic appendix. DVD 2: PDF containing 24 mtDNA control region sequences representing 193 

samples (647bp) of T. truncatus collected in New Zealand. These sequences were submitted to 

Genbank (Accession numbers: EU276389 to EU276412). 

File labelled: 

 

 

Appendix 8.2_Unique mtDNA Ttr_ww 

Appendix 8.3_New Zealand 

Ttr mtDNA to Genbank 

Appendix 8.1_SST in Northland 94-06 

Gaby
Electronic appendices available upon request to: Gabriela Tezanos-PintoE-mail: gaby@pachamama.co.nz
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8.4 APPENDIX: NEW ZEALAND BOTTLENOSE DOLPHINS ARE 

TURSIOPS TRUNCATUS 

New Zealand sequences were compared to a Delphinidae database available from DNA 

Surveillance (data not shown) and New Zealand sequences were unequivocally, T. truncatus. A 

statistical parsimony analysis was conducted comparing New Zealand mtDNA control region 

sequences to those from T. aduncus (Indo-Pacific Ocean), T aduncus (South Africa) and T. truncatus 

worldwide including the WNA inshore ecotype (Figure 8.4-1). 

 

 
Figure 8.4-1. Haplotype parsimony network of mtDNA control region sequences of T. truncatus (including New Zealand), 

WNA inshore T. truncatus, T. aduncus (Indo-Pacific Ocean) and T. aduncus (South Africa). 
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8.5 APPENDIX: INDIVIDUAL AND GROUP BEHAVIOURAL 

REACTIONS TO REMOTE BIOPSY SAMPLING IN TWO 

BOTTLENOSE DOLPHINS POPULATIONS OF NEW ZEALAND  

 

In collaboration with C.S. Baker 

8.5.1 Abstract 
The effects of contact techniques need to be thoroughly documented in order to satisfy appropriate standards of animal 

care. Here, I analyse individual and group behavioural reactions to remote biopsy sampling using a remote biopsy 

sampling system including behavioural events and states in two populations of bottlenose dolphins (Tursiops truncatus) 

from New Zealand. Short-term responses were ranked from none to strenuous (level 0 to 5). Individual resighting rates of 

‘frequent users’ in the Bay of Islands (Northland) were investigated before and after a biopsy attempt to test potential 

long-term disturbance in habitat use. A total of 215 biopsy sampling attempts occurred in the Bay of Islands providing 

data on 187 individual and 179 group behavioural responses to biopsy sampling. A total of 39 biopsy attempts occurred 

in Doubtful Sound (Fiordland) providing data for 36 individual and 35 group behavioural responses. The total of 254 

attempts (99.1%) resulted in only mild and immediate (< 1 minute) responses with only 0.9% (n=2) resulted in strong 

reactions (level 3). There were no significant differences between populations. Group responses were immediate (< 1 

minute duration) and mild in 100% of cases, with most reactions of level 1. Group behavioural states remained the same 

in 100% of sampling attempts in Doubtful Sound (n=39) and in 96.8% attempts in the Bay of Islands (n=122). No 

significant difference was observed analysing the frequency of resighting rates in biopsied versus not biopsied frequent 

users in the Bay of Islands, suggesting no long-term effect on habitat use. Results reported here concur with previous 

findings that remote biopsy sampling causes mostly short-term mild responses in both the targeted individual and its 

group. I conclude that the remote biopsy system and dolphin darts designed by Krützen and collaborators (2002) are safe 

and reliable representing a straightforward, cost-effective and ethically acceptable technique to collect tissue samples 

from small cetaceans. 

 

8.5.2 Introduction 

Collecting tissue samples from cetaceans allows a wide range of questions from a variety of fields 

to be addressed, including population genetics (Baker et al., 1990), phylogeny (Caballero et al., 

2008), taxonomy (Caballero et al., 2007; Rosenbaum et al., 2002) foraging ecology (Díaz 

Gamboa 2003), social structure (Duffield and Wells 1991; Krützen et al., 2005), toxicology (Fossi 

et al., 2000), forensics (Baker et al., 2000), reproductive success (Rosenbaum et al., 2002; 

Weinrich et al., 2006) and ageing of individuals (Herman et al., 2009). Methods used for the 

collection of samples from free- ranging cetaceans include skin swabbing the animals using a 

velcro pad (Harlin et al., 1999), collection of sloughed skin (Amos and Hoelzel 1990), faeces from 
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the water column (Parsons et al., 1999), use of a biopsy pole on bow-riding individuals (Bilgmann 

et al., 2008) or remote biopsy sampling (Krützen et al., 2002).  

 

Skin swabbing intuitively appear less invasive since there is no breakage of the epidermis. However, 

sampling is limited to bow riding individuals which may not suit the purpose of some studies 

requiring individual identification and/or a more representative sampling. The collection of faeces 

is directly related to environmental conditions and is not suitable in poor visibility waters or where 

strong currents are present. Both skin swabbing and collection of faeces also tend to provide poor 

quality samples, which can prevent some genetic analyses (e.g., microsatellites). In this regard, 

remote biopsy sampling presents an advantage by providing tissue of good quality for genetic 

analyses, as well as the implementation of other techniques (e.g., stable isotopes, de Stephanis et 

al., 2008).  

 

A biopsy system consists of a dart that is projected from a unit and it has a tip where the skin 

sample is retained. The first efficient system was designed primarily for whales and was described by 

Lambertsen (1987) and Mathews et al., (1988). Several tips were designed and tested mainly in 

large whales and were projected from either airguns, crossbows or modified rifles (Barrett-Lennard 

et al., 1996; Kasamatsu et al., 1991; Lambertsen 1987; Larsen 1998; Palsbøll et al., 1991; 

Weinrich et al., 1991).  

 

Most studies of biopsy reactions have been conducted on large whales and results showed little 

behavioural effect or disturbance on the targeted animal (Brown et al., 1994; Clapham and Mattila 

1993; Gauthier and Sears 1999; Hooker et al., 2001; Weinrich et al., 1991). Few studies were 

conducted on delphinids; which includes animals with a large body such as the killer whale 

(Orcinus orca), bottlenose dolphin (Tursiops spp.), or smaller animals such as striped (Stenella 

coeruleoalba) or Indo-pacific humpback dolphins (Sousa chinensis). All these studies however, 

suggested short-term and minor behavioural reactions (Aguilar and Nadal 1984; Barrett-Lennard 

et al., 1996; Gorgone et al., 2008; Jefferson and Hung 2008; Krützen et al., 2002; Weller et al., 

1997). Minor reactions are usually defined as a startle (or speed burst) that results in the targeted 

dolphin moving away but staying in the vicinity of the boat or the targeted individual splashing 

during moving away (i.e., tail flick or slap, Krützen et al., 2002). Biopsy sampling wounds usually 

heal quickly with no physiological complications (Krützen et al., 2002; Weller et al., 1997) and so 
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far, there is no evidence to suggest long-term detrimental effects on sampled individuals or 

populations (Hoelzel and Donovan 1991).  

 

A biopsy sample system that was designed to obtain tissue samples from killer whales (Barrett-

Lennard et al., 1996) was involved in the death of a common dolphin (Bearzi 2000; Neumann). 

The death of the dolphin appeared to have been caused by the dart penetrating beyond the stop 

point causing vertebral trauma or stress (Bearzi 2000). A significant improvement was the system by 

Krützen and collaborators (Krützen et al., 2002) specifically designed to sample small cetaceans. 

This system uses a modified veterinary gun to propel the dart. The advantage of using a rifle is that 

it is inherently more accurate, which is vital when sampling small, fast moving odontocetes that are 

frequently encountered in tight groups (Norris and Dohl 1980). Furthermore, the system allows 

modification of the velocity (i.e.; air pressure) at which the dart leaves the barrel depending on the 

distance to the animal and its size (Krützen et al., 2002). The main difference in the dart used by 

Krützen et al., (2002) to Barrett-Lennard et al., (1996) includes a wider-barrel body made of lighter 

polycarbonate to minimise impact and the risk of injury by penetration (Figure 8.5-1;  Krützen et 

al., 2002). 

 
Figure 8.5-1. Top: cross-section of the biopsy dart used by Krützen et al., (2002) including dimensions; note 

the larger area of the stop, wider-barrel and the shorter length of the biopsy head (Figure obtained from 

Krützen et al., 2002). Below: cross-section of the Barrett-Lennard biopsy dart (image from Barrett-Lennard et 

al., 1996). 

 

Bottlenose dolphins (Tursiops truncatus) inhabit three discrete populations in New Zealand including 

the North-eastern coast of the North Island, Marlborough Sounds and Fiordland in the South Island 
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(Boisseau 2003; Bräger and Schneider 1998; Constantine 2002; Merriman 2007; Williams et al., 

1993). The Fiordland population appears to be further subdivided into three communities 

inhabiting Milford, Doubtful and Dusky Sound (Boisseau 2003). Dolphins along the north-eastern 

coast of the North Island have been studied in the Bay of Islands since 1994 (Constantine 1995; 

Constantine 2001; Constantine et al., 2004; de Tezanos Pinto et al., 2005; Mourão 2006; Ryding 

2001; Tezanos-Pinto et al., 2009). A project investigating the population structure of the three New 

Zealand populations (Tezanos-Pinto et al., 2009) required collection of tissue using the remote 

biopsy sampling system designed by Krützen and collaborators (Krützen et al., 2002). At the time, 

there was public concern regarding biopsy sampling the Doubtful Sound population due to the 

perception that dolphins were ‘unusually sensitive to invasive techniques’ (Currey et al., 2009). This 

perception partially resulted from the basis that Doubtful Sound dolphins displayed strenuous 

reactions after a suction cup tag attempt, at both the individual and group level (Schneider et al., 

1998).  

 

In this appendix, I examine the short-term behavioural responses to biopsy sampling of bottlenose 

dolphins (T. truncatus) in the Bay of Islands and Doubtful Sound using analyses of individual and 

group behavioural reactions and behavioural states before and after sampling attempts. Potential 

long-term effect to biopsy sampling is explored through the analysis of resighting rates of frequent 

users in the Bay of Islands. Given the environmental and ecological differences between the Bay of 

Islands and Doubtful Sound populations, I explore the possibility that dolphins in these populations 

may react differently to the biopsy sampling technique. 

 

8.5.3 Methods 

8.5.3.1 Study area 

Surveys in the Bay of Islands (35.14 S, 174.06 E; Figure 8.5-2) were conducted from 3rd June 

2003 to 1st May 2006 using primarily a 4.7m inflatable boat powered by a 50hp outboard engine. 

The Bay of Islands is an open embayment covering an area of approximately 244 km2 that contains 

large estuaries including varying hydrological conditions ranging from estuarine to oceanic (Booth 

1974). Surveys in Doubtful Sound (45°17’S, 167°168’ E; Figure 8.5-2) were conducted from 23rd 

October to 5th November 2004 using a rigid Stabi-craft boat equipped with a 90hp outboard 

engine. The main oceanographic feature of the fiord is the presence of a low-salinity layer on top 
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of the marine stratum; a phenomenon caused by reduced water exchange with the ocean due to 

bathymetric conditions and abundant rainfall; which produces turbid waters (Gibbs 2001). 

Biopsy sampling was also conducted in the Hauraki Gulf (Auckland) and Marlborough Sounds. 

However in these regions, behavioural data were not consistently collected and several researchers 

were involved in the collection of both biopsy samples and behavioural data. In order to avoid 

biases, I have excluded data from these regions and report here only data collected by the senior 

authors.  

 

Figure 8.5-2. Map of New Zealand including the three discrete bottlenose populations. Inserts refer to the 

sampled populations: Bay of Islands (top) and Doubtful Sound (bottom). 

 

8.5.3.2 Field surveys 

The same methodology was followed in both study areas. Surveys were non-systematic. An 

encounter occurred when a group of dolphins was approached within 300 m from the research 

boat. When an encounter occurred, the research boat approached the group of dolphins from 

behind or from the side and manoeuvred in the same direction as the dolphins at no wake speed or 

matching the speed of the dolphins. These actions minimised disturbance to the study animals. 

Survey duration was dependant on prevailing weather conditions and availability of fuel. If weather 



Tezanos-Pinto, G.                                                                    Appendices 

  - 211 -  

conditions deteriorated (e.g. wind speed increased, permanent heavy rain, rough sea), the survey 

was suspended or discontinued for the day. 

 

8.5.3.4 Biopsy sample collection 

Skin samples were collected by the senior authors using the remote biopsy sampling system and 

darts designed by Krützen and collaborators (2002). A biopsy attempt was defined as a dart fired 

from the biopsy gun aimed at a dolphin. A targeted dolphin was defined as the individual at whom 

the dart was aimed to.  

 

Biopsy sampling targeted only adult dolphins and took place in reasonable weather conditions (< 

Beaufort 4). An ‘adult’ was defined as a fully grown individual measuring 3- 3.5 m in length 

(Chapter 3; Constantine 2002). An attempt was made to photo-identify the targeted dolphin during 

biopsy sampling. Additionally, a mounted video camera attached to the biopsy gun was used to 

record sampling attempts and to assist with individual identification and behavioural reactions. 

Biopsy samples were collected in the absence of permitted tour-boats and suspended for 30-45 

minutes if dolphins showed any avoidance to the research boat. 

 

A protocol designed specifically for individual identification consisted of a photographer standing 

immediately adjacent to the biopsy sampler, photographing the individual that was being biopsy 

sampled. To avoid confusion, photo-identification of non-targeted dolphins was not conducted 

during biopsy sampling. Therefore, biopsy samples and photo-identifications of the target animal 

were obtained simultaneously, the dart retrieved and all relevant data were immediately recorded. 

Data collected after a sampling attempt included: date, time, hit or failed attempt, air pressure 

used, photograph frame number, biopsy dart number, group size and composition, GPS position, 

place and side of the body hit by the dart, distance to the dolphin, individual and behavioural 

reactions (states and events; see below) before and after the sampling attempt, duration of the 

response and the time the targeted dolphin took to re-approach the boat. If the identity of the 

targeted dolphin was known, this was also recorded.  

 

8.5.3.5 Assessing behavioural responses to biopsy sampling 

Individual and group responses to biopsy sampling were ranked in six hierarchical categories 

defined by events as modified from Krützen et al., (2002) and Schneider et al., (1998, Table 8.5-
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1). Particular attention was given to potential for group responses given the previous observations 

of strenuous reaction to suction cap tags placed on bottlenose dolphins in Doubtful Sound 

(Schneider et al., 1998). In this regard, category 5 was defined as a group response after 

Schneider et al., (1998).  

 

Table 8.5-1. Hierarchical classification of individual and group behavioural reactions to biopsy sampling 

(adapted from Krützen et al., 2002; Schneider et al., 1998). 

Level Individual behavioural reactions  Group behavioural reactions Category 

0 No visible reaction, dolphin continues 
with pre-biopsy behaviour 

No visible reaction on dolphin close (< 2 
body length) to targeted animal 

1 Startle response, dolphin moves 
with/without a speed burst, flinches or 
dives but stay in the vicinity of the boat. 

Startle response, dolphin close to targeted 
animal moves with/without a speed burst, 
flinches or dives but stay in the vicinity of the 
boat 

2 Splashing during moving away, tail slap 
or flick, with or without returning to the 
boat 

Dolphin close to targeted animal splashes 
during moving away, tail slap or flick, with 
or without returning to the boat 

Mild 
reactions 

3 Single leap or porpoising by the 
individual dolphin struck by the biopsy 
dart. 

Dolphin next to targeted dolphin conducts a 
single leap or porpoises 

4 Multiple leaps and high-speed 
proposing by the individual dolphin 
struck by the biopsy dart. 

Dolphin next to the targeted dolphin 
performs multiple leaps and high speed 
porpoising 

5 Multiple leaps in quick succession by more than one individual and group reacts by 
prolonged diving and/or travelling at high speed (> 12 knots) in apparent avoidance 
of the boat. 

Strenuous 
reactions 

 

Behavioural events for individuals and groups included: no reaction, startle, flinch, dive, tail slap or 

flick, speed burst, high speed surfacing, leaps, multiple leaps and moved away from the boat. The 

behavioural state of the group was also observed before and after a sampling attempt and defined 

as: socialising, foraging, resting, slow travelling, travelling, fast travelling and milling (Table 8.5-2, 

Constantine et al., 2004). 

 

Behavioural data collected included both states and events before and after biopsy sampling 

attempts from both the targeted individual and the group. Group reactions included the immediate 

response of the dolphin next to the targeted individual (within < 2 body lengths of the targeted 

individual) or that of any other individual in the group immediately after a biopsy attempt.  
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Table 8.5-2. Definition of dolphins’ behavioural states; from Constantine et al., (2004). 

Behavioural state Definition 
Socialising Dolphins leap, chase and engage in body contact with each other. 

Includes aspects of play and sexual behaviour with other dolphins. Might 
serve a social and/or sexual role. 

Foraging Dolphins are involved in any effort to capture and consume prey as 
evidenced by chasing fish on the surface, coordinated deep diving with 
loud exhalations (but not chuffing), and rapid circle swimming (but not 
chasing another dolphin). Usually there is no contact between 
individuals (as often observed when socialising). Prey is sometimes 
observed in the dolphin’s mouth and frequently observed during the 
foraging bout. 

Resting Dolphins engage in slow movements as a tight group (i.e., less than one 
body length between individuals). Movements are slower than those 
seen in slow travelling behaviour (approximately 1 knot) and the 
dolphins are occasionally stationary. Resting lacks the active 
components of the other behaviours described. 

Slow travelling Dolphins move in persistent direction at speeds < 3 knots. 
Travelling Dolphins move in a persistent direction at speeds greater than three 

knots but not involving porpoising (i.e.; leaping clear of the water). 
Fast travelling Dolphins porpoising in a persistent, directional movement. 
Milling Dolphins show frequent changes in heading that sometimes appear as 

transition behaviour between other behavioural states. 
Milling is sometimes associated with foraging or socialising. 

 

8.5.3.6 Evaluation of potential long-term disturbance in the Bay of Islands 

Resighting rates of frequent users biopsy sampled were compared to those of frequent users not 

biopsied to evaluate the potential for long-term disturbance on biopsied dolphins in the Bay of 

Islands. Frequent users of the Bay of Islands were identified by fitting a Poisson distribution (refer to 

Chapter 3) to test the null hypothesis that individuals were sighted randomly in regards to 

frequency. The point at which the frequency of observed sightings exceeds the expected frequency 

of the Poisson distribution (i.e., dolphins sighted ≥ 9 per lunar month) was considered to 

demarcate ‘frequent users’. A description of methods and list of frequent users is provided in 

Chapter 3. 

 

8.5.4 Results 

A total of 65 surveys were conducted in the Bay of Islands in which 215 biopsy sampling attempts 

(i.e., in which a dart was aimed at a dolphin) occurred providing data on 187 individual and 179 

group behavioural responses to biopsy sampling. Dolphins were biopsied at estimated distances of 

1-25m (n= 138, average=7.10 m, median=6m, SD=3.81). Overall, 79.5% of attempts (n = 
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171) resulted in contact with the dolphin; of which 144 provided enough DNA for genetic analyses 

of sex and mtDNA control region (refer to Chapter 2). Of the hits that did not provide a tissue 

sample, 7 cases were caused by the dart sticking and being subsequently lost; 12 cases were 

caused by the dart breaking upon impact and sinking before being retrieved and in 8 cases the 

biopsy tip was empty when the dart was retrieved. In one instance, a non-targeted individual was 

sampled. This dolphin was a calf that surfaced when the dart was targeting its presumed mother. 

The calf was hit under the dorsal fin and reacted with a startle and speed burst (level 1), whereas 

the presumed mother and the rest of the group did not react (level 0). At this point, I ceased biopsy 

sampling and observed the pair for further 50 minutes. Both individuals continued with pre-biopsy 

behaviour (foraging), with no signs of disturbance to the mother-calf bond or alteration to the 

swimming pattern of the calf. 

 

A total of 9 surveys were conducted in Doubtful Sounds in which 39 biopsy attempts occurred 

providing information on 36 individual and 35 group behavioural responses. Dolphins were 

sampled at estimated distances of 2-35m (n= 32, average=10.1 m, median=8.5m, SD=6.97). 

Overall, 46% of attempts resulted in contact with the dolphins; of which 100% provided adequate 

tissue for genetic analyses of sex and mtDNA control region (refer to chapter 2). 

 

8.5.4.1 Individual behavioural reactions  

Overall a total of 223 individual reactions to biopsy sampling were recorded, with the majority 

collected in the Bay of Islands (n=187) and the remainder in Doubtful Sound (n=36). Of the 223 

observations, 99.1% resulted in mild reactions with only 0.9% (n=2) representing strong reactions 

(level 3) characterised by a single vertical jump. The majority of individual reactions observed in 

both the Bay of Islands and Doubtful Sound were level 1 (72.2% in the Bay of Islands and 66.7% in 

Doubtful Sound; Figure 8.5-3). There were no individual reactions of level 4 or 5. There were no 

significant differences when comparing individual responses between populations (chi-square = 

2.82; df=3; p > 0.05). All individual responses were momentary, lasting < 1 minute. 
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Figure 8.5-3. Individual reactions of bottlenose dolphins (T. truncatus) to biopsy sampling in the Bay of 

Islands (green; n=187) and Doubtful Sound (orange; n=36), New Zealand. 

 

Individual responses to the biopsy sampling procedure when animals where hit or missed by the 

dart were significantly different (chi-square= 7.81; df=3; P < 0.05) when the data from the Bay of 

Islands and Doubtful Sound were combined. Dolphins reacted less (level of reaction=0) when the 

biopsy dart missed the targeted individual (chi-square= 5.41; df=1; P < 0.025). 

 

8.5.4.2 Group behavioural reactions  

A total of 179 group behavioural reactions to biopsy sampling were recorded; most observations 

were collected in the Bay of Islands (n=144) and the rest in Doubtful Sound (n=35). Of these 179 

observations, 25% were level 0; 47% were level 1 and 28% were level 2 (n=50). There were no 

group reactions of level 3, 4 or 5. Most of the group reactions observed in both the Bay of Islands 

and Doubtful Sound were level 1 (41 and 71% respectively, Figure 8.5-4). When comparing group 

responses between populations, Doubtful Sound had significantly more group reactions of level 1 

(n=25; chi-square= 4.477 df=1; P <0.025) and less of level 2 (n=2; chi-square = 6.185, df=1, 

P <0.025); which resulted in significant differences between populations (chi-square = 13.35; 

df=2; p > 0.001). All group responses were instant, lasting < 1 minute. 

 

Overall, there were no significant differences in group responses to the biopsy sampling procedure 

when animals where hit or missed by the dart (chi-square= 1.86; P > 0.05; df=2). 
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Figure 8.5-4. Group reactions of bottlenose dolphins (T. truncatus) to biopsy sampling in the Bay of Islands 

(green; n=144) and Doubtful Sound (orange; n=35), New Zealand. 

 

8.5.4.3 Behavioural states of groups 

Behavioural states remained unchanged in 100% of sampling attempts in Doubtful Sound (n=39) 

and in 96.8% attempts in the Bay of Islands (n=122). Behavioural states that changed in the Bay of 

Islands, included transitions from milling to foraging (n=1), from resting to slow travelling (n=1), 

from foraging to travelling (n=1) and from slow travelling to travelling (n=1). However, given the 

low number of transitions, it is possible that these may be transitions that occur naturally; rather 

than a consequence of sampling. Overall, in both locations most biopsy sampling attempts were 

conducted during travelling (slow, travelling or fast travelling) followed by foraging and milling 

(Figure 8.5-5). 
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Figure 8.5-5. Behavioural states of bottlenose dolphins (T. truncatus) during biopsy sampling attempts in the 

Bay of Islands (n=126) and Doubtful Sound (n=39), New Zealand. 



Tezanos-Pinto, G.                                                                    Appendices 

  - 217 -  

8.5.4.4 Evaluation of potential long-term disturbance in the Bay of Islands 

A total of 19 biopsy samples were obtained from frequent users (i.e.; sighted ≥ 9 lunar month 

during 2002-06; refer to chapter 3). There were no differences in the frequency of resighting rates 

of biopsy sampled frequent users before and after being sampled (Mann-Whitney U test; adjusted H 

= 0.026, P = 0.872, df = 1; Table 8.5-3). Additionally, there were no differences in the resighting 

rate of biopsy sampled (n=19) versus non-biopsied (n=18) frequent users (Mann-Whitney U test; 

adjusted H = 2.274, P = 0.132, df = 1), suggesting no long-term effect on habitat use. 

 

Table 8.5-3. Individuals identified as frequent users during 2002-06 that were biopsy sampled (BS) including 

the date of sampling, frequency of sightings per day before and after being biopsy sampled. 

 

  
Sightings per day from 2002-06 

ID Date BS Before BS After BS Total 
19 3-Jun-03 7 26 33 
29 10-Nov-05 24 3 27 
39 3-Jun-03 3 14 17 
57 24-Sep-05 13 10 23 
73 3-Jun-03 2 21 23 
96 23-Sep-05 20 5 25 
146 11-Nov-05 28 3 31 
153 19-Jul-03 4 32 36 
186 23-Sep-05 19 6 25 
193 21-Sep-05 16 7 23 
212 25-Feb-05 18 13. 31 
261 21-Sep-05 15 6 21 
290 4-Jun-03 6 21 27 
348 14-Jan-05 21 7 28 
375 25-Feb-05 11 7 18 
446 25-Feb-05 11 11 22 
454 10-Jun-05 24 28 52 
466 3-Jun-03 3 25 28 
472 24-Feb-05 13 23 36 

 

8.5.4.5 Biopsy sampling wounds 

In Doubtful Sound surveys occurred only during a 2-week period and therefore, monitoring of 

wound healing was not possible. The variable resighting rates of bottlenose dolphins in the Bay of 

Islands (refer to chapter 3) meant that in most cases, monitoring of wound healing in this region 

was also not feasible. However, when monitoring was possible, fresh wounds presented a dark spot 

of relatively small size that turned white after 4-5 days post-biopsy. Healing seemed to occur 
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without complication (Figure 8.5-6) with no apparent signs of infection as evidenced by swelling or 

pink coloration after 20 days post-biopsy (Krützen et al., 2002). 

 
Figure 8.5-6. Examples of wound healing in bottlenose dolphins (T. truncatus) biopsy sampled in the Bay of 

Islands, New Zealand. 

 

8.5.5 Discussion 

It has been recommended that scientists adopt contact techniques only after reviewing and 

assessing the risks involved for the animals under a precautionary principle (Bearzi 2000). This 

recommendation followed the death of a dolphin due to a dart that was not specifically designed 
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for small dolphins, that penetrated beyond the stop point causing vertebral trauma or stress (Bearzi 

2000).  

 

Results from this study support conclusions from a previous behavioural investigation using the 

biopsy system designed by Krützen and collaborators, that reported minor effects on the targeted 

animal (Krützen et al., 2002). New information on group responses and potential long-term 

disturbance on habitat use were provided. No differences between populations were observed 

indicating that behavioural reactions to this technique are consistent. Furthermore, no evidence of 

long-term disturbance has been observed indicating that this system is safe and reliable to use on 

small cetaceans. 

 

8.5.5.1 Differences in success rate between populations 

There were differences in the hit success rate between the Bay of Islands and Doubtful Sound 

(79.5% versus 46%, respectively). Krützen et al., (2002) attributed differences in the hit success 

rates of bottlenose dolphins (Tursiops spp.) in Shark Bay (Western Australia), to several factors 

including individuals coming closer to the research vessel, environmental conditions and differences 

between personnel who carried out the sampling (Krützen et al., 2002). In the present study it 

appears that environmental factors mostly explained location differences in success rate since both 

authors (CSB and GTP) collected samples in both populations. Water visibility in Doubtful Sound is 

very poor and therefore predicting the surfacing patterns of dolphins is difficult in comparison to the 

Bay of Islands, resulting in reduced time for aiming. 

 

8.5.5.2 Individual reactions 

Our results support previous research suggesting that behavioural responses to biopsy sampling in 

bottlenose dolphins are mild at both the individual and group level (Aguilar and Nadal 1984; 

Gorgone et al., 2008; Krützen et al., 2002; Weller et al., 1997). Most individual responses 

observed here were mild and included a startle (speed burst or dive), tail flick or slap with only two 

exceptions in which dolphins did a vertical jump after been biopsied (level 3). Startle responses to 

biopsy sampling have commonly been reported in other species including killer whales (Barrett-

Lennard et al., 1996) and sperm whales (Physeter macrocephalus, Whitehead et al., 1990). Startle 

reactions seem to be a common and general part of the behavioural repertoire of bottlenose 
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dolphins and are often observed during vessel approaches, changes in vessel speed, as a response 

to one another and predators (G. Tezanos-Pinto personal observation, Weller et al., 1997). 

 

Although no category 4 reaction were observed during our standard survey, the opportunistic 

collection of samples during a survey in the Hauraki Gulf (Auckland) resulted in a biopsy sampled 

bottlenose dolphin displaying a strenuous reaction after being biopsy sampled (reaction level 4). 

The reaction consisted on a series of vertical jumps (N. Wiseman unpublished data). This individual 

was part of a group of 40-50 (5 of which were previously biopsied and displayed only mild 

reactions). The dart did not detached from the animal and remained attached by the tip. It seems 

likely the strenuous reaction observed may have been caused by the animal trying to dislodge the 

dart from its body. Additionally, the dolphin was biopsy sampled with a slightly larger biopsy dart tip 

(N. Wiseman unpublished data); which may have contributed to the dart sticking.  

 

In some cases, I observed the biopsy sampled dolphin spy hopping at the boat soon after being 

biopsied (G. Tezanos-Pinto, personal observation). Variation in individual reactions to biopsy 

sampling using crossbows may be due to several reasons including differences in physiological or 

psychological factors, age, size, sex, reproductive state, illness or concurrent pathologies (Barrett-

Lennard et al., 1996; Brown et al., 1994; Gauthier and Sears 1999). In  contrast, the biopsy 

system designed by Krutzen et al., (2002) seems to have the same effect irrespective of sex, size, 

age or population producing mainly mild-short term responses. Although it appears that about 60–

85% of small odontocetes react at a low level to being hit by a biopsy dart, strong reactions occur 

infrequently (2.5% of the times, Gorgone et al., 2008). In contrast, dolphins biopsy sampled in this 

study with the system designed by Krützen et al., (2002), reacted strenuously only in 0.9% of cases. 

 

8.5.5.3 Group reactions 

Group responses were mild in all cases in both populations and as reported in other studies, they 

do not seem to be stimulus specific (Gorgone et al., 2008; Weller et al., 1997). For instance, a 

typical situation could be described by several dolphins simultaneously surfacing near the research 

boat, when the targeted animal (closest to the research boat) was struck by the dart it reacted by 

accelerating with a speed burst and the dolphin closest to it startled. The targeted animal reacted 

by the stimulus of the dart strike whereas its closest affiliate appeared to respond to the reaction of 

the sampled dolphin. This pattern of group reaction have also been observed in Galveston, South 
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Carolina, Georgia (USA) and Shark Bay (Gorgone et al., 2008; Krützen et al., 2002; Weller et al., 

1997).  

8.5.5.4 Behavioural states of groups 

I consider the impact of biopsy sampling on behavioural states to be minimal and under most 

circumstances, not producing a change of state. Biopsy sampling was most successfully conducted 

when dolphins were travelling due to the possibility of predicting surfacing and thus, better aiming. 

However, given the conditions of my permit (i.e.; no biopsy sampling could be conducted in the 

presence of permitted tour boats) and given the intense tourism industry in both the Bay of Islands 

(Constantine et al., 2004) and Doubtful Sound (Lusseau 2003), I had only limited possibilities for 

sampling. 

 

8.5.5.5 Evaluation of potential long-term disturbance in the Bay of Islands 

Analyses of resighting rates between frequent users biopsied and not-biopsy sampled in the Bay of 

Islands suggested no long-term effect in habitat use. Dolphins continued using the area after being 

biopsy sampled, approaching the research boat and allowing individual photo-identification. In 

three cases, analyses of individual identification photographs confirmed that dolphins were sampled 

twice. However, these individuals continued approaching the research boat and used the area with 

no apparent sign of long-term behavioural disturbance. The same observation was reported in 

Shark Bay, where targeted dolphins did not appeared to have altered their long-term behaviour 

after being biopsy sampled and were still easily approachable for systematic surveys (Krützen et al., 

2002). 

 

8.5.5.6 Behavioural reactions to biopsy sampling in Doubtful Sound 

The observed mild reactions of the Doubtful Sound dolphins to biopsy sampling were similar to 

those observed in the Bay of Islands and other bottlenose dolphins populations (Krützen et al., 

2002), differing from the reported strenuous reactions to previous suction cup tagging (Schneider et 

al., 1998). In this regard, concerns raised by some about the “unusual sensitivity of the Doubtful 

Sound population to invasive techniques” (Currey et al., 2009) were not supported. It seems more 

likely that the strong reactions observed during the suction cup tagging could be explained by 

fundamental differences between the two techniques. The suction tag is likely to be perceived by the 
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dolphin as a foreign object attached to the body, whereas biopsy sampling results in only 

momentary contact as it rebounds off the skin. As such, dolphins do not react as if they are 

attempting to remove and/or dislodge a foreign object. 
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8.6 APPENDIX: EVALUATION OF PHOTO QUALITY AND NICK 

DISTINCTIVENESS IN THE BAY OF ISLANDS CATALOGUE AND 

DATABASE 

 

Photo quality 

Attributes used to rank photographic quality included: sharpness, angle, exposure, size and whether 

or not information for matching purposes (i.e., nick visualization) were compromised by 

photographic quality (Table 8.6-1).  

 

Table 8.6-1. Description of attribute criterion used to judge photographic quality 

Attribute Description 

Focus 1) Blurred 
 
2) Partially blurred: outline of fin visible 
 
3) In focus 

Size 

 

 

 

 

1) Too small: dorsal fin occupies < 25% of the frame 
 
2) Fair size: dorsal fin occupies 25-50% of the frame 
 
3) Good size: dorsal fin occupies>50% of the frame 
 

Exposure 1) Poor exposure: dorsal fin over or under-exposed 
only outline is visible 
 
2) Medium exposure: some over or under exposure 
but details and outline are visible 
 
3) Good exposure: all details are visible 

Angle 1) Bad angle: dorsal fin is perpendicular or > 45 
degrees 
 
2) Fair angle: dorsal fin is ~45 degrees 
 
3) Good angle: dorsal fin is parallel 
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Table 8.6-2. Scale of photo quality and attributes used to evaluate the Bay of Islands’ catalogue and 

associated sighting database. 
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 Nick distinctiveness 

Only nicks on the trail edge of the dorsal fin were used for identification purposes. Pigmentation 

patterns, rake marks and other skin conditions were not considered to possess enough stability over 

time to allow individual identification (Wilson et al., 1999); although these were used as secondary 

aid in matchings. The only exception was one individual who had a malformation on the spine (ID 

272, Constantine 2002); in this case the spine deformity was used for matching purposes. To 

evaluate if all the dolphins in the Bay of Islands photo-identification catalogue had an equal 

probability of recapture regardless of their mark distinctiveness, a scale including three different levels 

of distinctiveness was implemented (Table 8.6-3). 

 

Table 8.6-3. Scale of nick distinctiveness used to evaluate the Bay of Islands’ catalogue and database 

Scale Rank Nick distinctiveness Example 

1 Small marks One or more very small 
nicks in a common place 
(towards the tip and/or the 
base of fin) 

 

2 Medium marks One or more small to 
medium size notches of 
unusual shape and/or fin 
of unusual shape 
 

 

3 Large  marks One or more medium to 
large size notches of very 
distinctive shape 
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Assessing the quality of the photo-identification catalogue 

A total of 448 individually identified dolphins have been photographically catalogued in the Bay of 

Islands since 1993; of which 6 are known to be dead, leaving a total of 442 individuals in the 

catalogue. Individual identification photographs in both datasets (1997-99 and 2002-06) have been 

thoroughly matched following the same protocol minimizing potential biases. To avoid false positive 

and/or negative errors, each new addition after 2002 was cross-matched to the rest of the entire 

catalogue in three separate occasions by experienced observers, resulting in the removal of one 

individual, which was found to be a duplicate (ID assigned 474 but it was former ID 343). One 

further addition was made after analysis of the data and thus, that individual was not included in the 

analysis conducted here (ID 508).  

 

After quality revision 40 exclusions were made that included 39 individuals added before 2002 and 

one individual added in 2004; this represented 9% of the total catalogue (n = 448). All photos that 

ranked PQ < 2 regardless of nick distinctiveness were excluded.  Exclusions of individuals with good 

quality photographs (level 3 and 4) were due to poor nick distinctiveness or because the nick used 

for individual identification was similar in shape and size to other individuals in the population that 

were not considered significantly marked (i.e., not included in the photo-identification catalogue). I 

acknowledge that this may be arbitrary, but it was the best criteria available at the moment. 

Nevertheless, dolphins not significantly marked were accounted for as the proportion of unmarked 

individuals (Chapter 4). 

 
Figure 8.6-1. Evaluation of photo quality and nick distinctiveness (ND) of the Bay of Islands photo-identification 

catalogue based on quality and nick distinctiveness scales including removals. 
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8.7 APPENDIX: EXCLUSIONS FROM THE PHOTO-

IDENTIFICATION CATALOGUE 

Electronic appendix. DVD 2: Folder including 47 photographs of 40 individuals deleted from the 

catalogue due to poor photographic quality or nick distinctiveness. 

 

Table 8.7-1. Individuals (ID) removed from the photo-identification catalogue including the side of the 

photographs selected (Side) for scoring and results from evaluation of photographic quality (PQ) and nick 

distinctiveness (ND). Criterion for PQ and ND are described in Appendix 8.6. 

ID Side PQ ND  ID Side PQ ND 

5 L 2 1  341 L 3 1 
7 L 2 1  372 L 1 2 
9 R 4 1  398 R 4 1 
11 R 4 1  400 R 1 1 
27 L 1 1  411 L 1 1 
50 R 1 1  428 R 1 2 
54 L 4 1  435 L 1 3 
56 L 1 1  441 R 3 1 
72 R 3 1  449 R 1 3 
81 R 1 2  491 R 4 1 
82 L 2 1      
112 R 3 1      
123 L 4 1      
133 R 3 1      
142 R 4 1      
157 L 2 1      
183 L 2 1      
195 L 4 1      
210 L 1 1      
219 R 4 1      
224 R 3 1      
236 R 1 1      
237 R 1 2      
266 L 1 2      
284 L 1 2      
287 L 1 1      
302 L 1 1      
312 R 1 2      
315 R 1 1      
319 R 1 1      

Appendix 8.7_ID excluded 
from BOI catalogue 
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8.8 APPENDIX: FALSE NEGATIVE AND LOSS OF MARKS IN THE 

PHOTO-IDENTIFICATION CATALOGUE  

 

False negative errors are those in which two photographs of the same individual are recorded as 

different individuals, whereas false positive errors occurs when two photographs of different 

individuals are recorded as the same individual  (Stevick et al., 2001). Mark loss occurs when a nick 

used for photo-identification purposes is lost to a new mark. In order to search for potential false 

negative errors and loss of marks, each individual added into the photo-identification catalogue after 

2002 was cross-matched in 3 independent occasions to the rest of the catalogue by 3 experienced 

researchers. Additionally the first 168 dolphins of the catalogue were cross matched to the rest of the 

catalogue. Results from these comparisons indicated that four individuals lost their marks to new 

nicks and one was identified as a false negative (Table 8.8-1; Figure 8.8-1). 

 

Table 8.8-1. Individual identification number assigned (ID assigned), correct individual identification number 

that resulted in 4 individuals loosing their marks to new nicks and one false negative. 

 

ID assigned Correct ID Observations 

99 97 Mark lost 

334 89 Mark lost 

367 55 Mark lost 

493 28 Mark lost 

474 343 False negative 
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Figure 8.8-1. Mark Loss: Individuals identified as losing their nicks to new marks. In brackets is the incorrect 

individual identification number assigned. 

 

 

ID 55: before acquiring new nicks                                      ID 55 (367) after acquiring new nicks 
Photo: R. Constantine       Photo: F. Mourao 

        

 

ID 89: before acquiring new nicks                                    ID 89 (334) after acquiring new nicks 
Photo: R. Constantine       Photo: R. Constantine 

        

 

ID 97: before acquiring new nicks                                   ID 97 (99): after acquiring new nicks 
Photo: R. Constantine         Photo: R. Constantine 
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Figure 8.8-1-Cont. Mark Loss: Individuals identified as losing their nicks to new marks. In brackets is the 

incorrect individual identification number assigned. 

 

 

 

 

 

 

 

 

 ID 28: Right side before acquiring new nicks.    ID 28: Left side before acquiring new nicks. 

 Photos: R. Constantine 

       

 

ID 28 (493): Right side after acquiring new nicks.   ID 28(493): Left side after acquiring new nicks.  

Photos: F. Mourão 
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8.9 APPENDIX: THE BAY OF ISLANDS PHOTO-IDENTIFICATION 

CATALOGUE 

‘The Bay of Islands catalogue’ refers to a curated collection of photographs (in both, paper and 

digital format) of individually identified bottlenose dolphins in a single reconciled database. For some 

individuals, two photographs of left and right side of the dorsal fin are available whereas for others 

only one image is available. The Bay of Islands photo-identification catalogue is available for public 

consultation upon request. The Department of Conservation (DoC; Bay of Islands) holds an updated 

version of the digital catalogue. Requests for accessing the catalogue can be directed to DoC or Dr. 

Rochelle Constantine, the current curator of the catalogue at the University of Auckland. Conditions 

of use of the catalogue are described in Constantine (2002) and below. 

 

Electronic appendix. DVD 1 and DVD 2: Digital updated and revised version of the Bay of Islands 

photo-identification catalogue; includes 634 photographs of 402 unique individuals*. A separate 

folder includes individual identification photographs of 6 dolphins known to have died. 

 

 

DVD 1 contains dorsal fin photographs of individuals BOI001 to 

BOI475 

 

 

 

DVD 2: Appendix 8.9_Part 2: contains dorsal fin photographs of 

individuals BOI476 to BOI508 and a sub-folder with photographs 

of 6 dolphins known to have died 

 

 

DVD 2: Appendix 8.9_Part 2; Sub-folder: Dead dolphins 

Includes individual identification photographs of 6 dolphins 

that were found dead and positively matched to the BOI 

catalogue 

 

 

DVD 1 
Appendix 8.9_BOI Photo-ID 
Catalogue 

DVD 2 
Appendix 8.9_Part 2 
Subfolder: Dead dolphins 

DVD 2 
Appendix 8.9_Part 2 

* The photograph of individual 396 was not present in the Photo-ID catalogue when I received it; and therefore was not available 

for this study. ID 508 was included in the catalogue; but analyses conducted in this thesis do not include this individual 
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8.1.1 Digital catalogue 

The digital catalogue has been scanned using high resolution and all images are of the same size for 

consistency. It is recommended that further images added into the catalogue keep the size and 

resolution of former images. The current size considers the proportion of the bottlenose dolphin’s 

dorsal fin (height and width). Images should be saved in .TIFF format at 2700 pixel/cm with no 

compression; pixel order should be interleaved (RGBRGB) and byte order IBM PC. Non-digital 

images should be scanned maximizing the area of the fin at 2700 pixels/cm of resolution and later, 

cropped at 1 cm width to 0.6 cm height to allow proper browsing and visualization (Figure 8.9-1). 

Higher resolution images can be saved separately as back up option. 

                                                          1 cm  

 

 

 

                    0.6 cm  

 

 

                                         Resolution: 2700 pixels per cm 

Figure 8.9-1. Example of the size, resolution and proportion of dorsal fin images in the digital photo-

identification catalogue 

8.1.1.2 Versions of the digital catalogue 

Vs 2002. First digital version of the paper catalogue which included images of c.a. 394 unique 

individuals. 

Vs 2003. Updated the digital catalogue including images of 6 new individuals photographed in 

2002 and updated images of pre-existing individuals 

Vs 2004. Updated the digital catalogue including images of new individuals added in 2002-03 and 

updated images of pre-existing individuals. 

Vs 2006_Vs 1. Updated the digital catalogue including new individuals 2003-05 and updated 

images of pre-existing individuals. 

Vs 2006_Vs 2. Removed 40 individuals due to poor quality and poor nick distinctiveness and placed 

those images into a separate folder; corrected double-ups and placed dead dolphins in a separate 

folder. A copy is provided in DVD 1 and 2. 
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8.1.2 Condition of usage 

The Bay of Islands photo-identification catalogue is available in paper and digital format (attached). 

The first version of the digital catalogue was created in 2002 by G. Tezanos-Pinto and several 

updated versions have been made since then. Conditions of usage of the paper photo-identification 

catalogue have been published in Constantine (2002). The same conditions apply to the digital 

version of the photo-identification catalogue. While it is acknowledged that R. Constantine has been 

the main contributor during 1994-99 and is the current curator of the catalogue, F. Mourão and G. 

Tezanos-Pinto made a significant contribution during 2002-06 adding new as well as updating 

photographs of existing individuals. Furthermore, G. Tezanos-Pinto has created the digital version of 

the catalogue, updated and curated it during 2002-06. Therefore, as a courtesy, any form of 

research using the photo-ID catalogue should inform and acknowledge G. Tezanos-Pinto (E-mail: 

gaby@pachamama.co.nz) and Fabiana Mourão (E-mail: fabimourao@hotmail.com). 
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8.10 APPENDIX: POTENTIAL BIASES IN GROUP SIZE ESTIMATION 

DURING 2003-05 

 

Table 8.10-1. Dolphin encounters during 2002-06 where group size were underestimated in the field and later 

corrected through analysis of individual identification photographs.  

Date Encounter GS estimated in field 

(maximum) 

Minimum GS from photo-IDs 

3 Nov 02 2 am 15 A 16 A 

28 Apr 03 1 25 A  27 A 

2 Dec 03 1 am 14 A 18 A 

4 Dec 03 1 pm 20 A 28 A 

6 Dec 03 1  28 A 30 A 

14 Oct 04 1 pm 14 A 26 A 

15 Oct 04 1 pm 26 A 35 A 

20 Oct 04 1 pm 27 A 33 A 

13 Nov 04 1 pm 20 A 25 A 

14 Nov 04 2 am 20 A 27 A 

 1 pm 20 A 33 A 

16 Nov 04 1 am 25 A 32 A 

 1 pm 25 A 31 A 

20 Nov 04 1 pm 24 A 32 A 

22 Sep 05 1 17 A 19 A 

22 Oct 05 1 8 A 12 A 

7 Nov 05 1 40 A 51 A 

10 Nov 05 1 30+ A 45 A 

13 Feb 06 2 20+ A 26 A 
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8.11 APPENDIX: FREQUENT USERS DURING 1997-99 THAT WERE 

NOT RESIGHTED DURING 2002-06 

Electronic appendix: DVD 2, PDF file including 10 dorsal fin photographs of 10 unique individuals 

that were classified as frequent users during 1997-99 that were not resighted during 2002-06 

 

 

8.12 APPENDIX: TIME BETWEEN RESIGHTINGS OF BOTTLENOSE 

DOLPHINS PHOTOGRAPHED IN THE BAY OF ISLANDS 

The time elapsed between re-sightings of each dolphin encountered from December 1993 until May 

2006 was calculated. Overall, 91.3% (n = 4540) of the re-sightings occurred within the first year, 

whereas 8.1% occurred from 2 to 5 years, 0.52% from 6 to 10 years and only 0.04% of re-sightings 

(n=2) occurred between 10 to 11 years. 
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Figure 8.12-1. Frequency distribution of the time between re-sightings of bottlenose dolphins in the Bay of 

Islands for data collected from 1993-2006. Frequency numbers above bars (n=4973). M = months; time 

between resightings are in years, unless specified otherwise. 

n = 4973 

8.14% 0.52% 

0.04% 

91.3% 

Appendix 8.11_Frequent users 97-
99_not resighted 02-06 
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8.13 APPENDIX: DOLPHINS RESIGHTED IN THE BAY OF ISLANDS 

AFTER 9-10 YEARS FROM THEIR LAST SIGHTING. 

 

Figure 8.13-1. Individual identification photographs of dolphins re-sighted in the Bay of Islands after 9-10 

years from their last sighting. 

ID 218 
 
3474 
days 
(9.5 
years) 
from 
last 
sighting 

 
Photograph: R. Constantine 
Date: 1 Jun 1994 

 
Photo: F. Mourão  
Date: 5 Dec 2003 

ID 167 
 
 
3789 
days 
(10.4 
years) 
from 
last 
sighting 

 

Photo: R. Constantine 

Date: 1 Jun 1994 

 

Photo: F. Mourão 

Date: 15 Oct 2004 
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8.14 APPENDIX: SUMMARY OF PHOTO-IDENTIFICATION DATA 

EMPLOYED FOR THE ESTIMATION OF THE MARK RATIO DURING 

2003-05 

 

Figure 8.14-1. Summary of photo-ID data employed for the estimation of the mark ratio during 2003-05 

including the number of photographs with marked/unmarked individuals and age-class (defined in Chapter 3). 

In all surveys photographs were taken randomly with a digital camera. The total number of photographs 

collected from adult dolphins =2115 of which 1601 represented marked adults. 

 Number of photographs 

 Date of Survey 

Marked 

Adults 

Unmarked 

Adults 

Unmarked 

J/C 

Total 

photographs/ 

survey 

1 3-Jun-03 29 4 1 34 
2 4-Jun-03 12 4 1 17 
3 14-Mar-04 13 34 0 47 
4 25-Feb-05 67 14 11 92 
5 26-Feb-05 123 41 13 177 
6 5-Apr-05 35 10 12 57 
7 7-Apr-05 33 8 0 41 
8 8-Apr-05 43 21 16 80 
9 9-Apr-05 19 1 4 24 
10 10-Jun-05 4 9 0 13 
11 11-Jun-05 9 18 0 27 
12 12-Jun-05 37 18 0 55 
13 13-Sep-05 63 72 0 135 
14 17-Sep-05 44 22 0 66 
15 21-Sep-05 116 25 6 147 
16 23-Sep-05 90 31 9 130 
17 18-Oct-05 55 21 0 76 
18 22-Oct-05 56 11 0 67 
19 7-Nov-05 155 25 25 205 
20 10-Nov-05 124 24 2 150 
21 12-Nov-05 124 13 16 153 
22 17-Nov-05 55 10 3 68 
23 10-Feb-06 76 8 13 97 
24 11-Feb-06 135 47 24 206 
25 13-Feb-06 50 18 5 73 
26 21-Mar-06 34 5 7 46 

 Total 1601 514 168 2283 
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8.15 APPENDIX: ADDITIONAL MODELS EXPLORED TO ESTIMATE 

THE ABUNDANCE OF BOTTLENOSE DOLPHINS IN THE BAY OF 

ISLANDS 

Open population models with transience 

Results from four classical CJS models were presented in Chapter 4. Additionally, two transience 

models were tested (Table 8.15-1). The first transience model allowed the survival of those 

individuals captured only once (i.e., transients) to vary from those captured in more than one 

occasion while maintaining capture probability constant (Phi-S1(t) p(.) Trans). The second transience 

model also allowed for variations in capture probability over time (Phi-S1(t) p(t) Trans); these type of 

models are usually referred to as TSM models (time since marking, Cooch and White 2005). 

 

Table 8.15-1. Model likelihood for 4 classical CJS models and 2 models that allow for the effects of transience 

(shadow). In bold is the model selected in Chapter 4. 

Model AICc 

Delta 

AICc 

AICc 

Weights 

Model 

Likelihood 

Num. 

Par Deviance 

Phi-S1(t) p(t) Trans 1253.2 0 0.8754 1 7 120.83 
Phi(t) p(t) 1258.0 4.7 0.0806 0.0921 9 121.51 

Phi-S1(t) p(.) Trans 1260.1 6.8 0.0280 0.0321 3 135.83 
Phi(t) p(.) 1262.3 9.1 0.0088 0.0101 6 132.06 
Phi(.) p(t) 1262.9 9.7 0.0067 0.0077 6 132.60 
Phi(.) p(.) 1269.4 16.2 0.0002 0.0003 2 147.18 

 

POPAN 

Seven open models were tested in POPAN, including one model that allowed for potential 

differences in survival and capture probabilities between periods (Phi (97-99, 03-05) p(97-99, 03-05) B(t)- 

Design) and a second model that incorporated survey effort in capture probabilities to test for a 

potential effect of effort between periods (Phi(t) p(EFFORT) B(t)- Design; Table 8.15-2) 
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Table 8.15-2. Model likelihood for different models run in POPAN for bottlenose dolphins in the Bay of Islands 

during 1997-99 and 2003-05. In bold is the best model selected and reported in Chapter 4. 

Model AICc Delta 

AICc 

AICc 

Weights 

Model 

Likelihood 

Num. 

Par 

Deviance 

Phi(t) p(t) B(t) 1298.77 0 0.768 1 15 0 

Phi(t) p(.) B(t) 1303.61 4.837 0.068 0.089 12 0 
Phi(.) p(t) B(t) 1303.79 5.017 0.062 0.081 12 0 
Phi (97-99, 03-05) p(97-99, 03-05) B(t)- Design 1303.93 5.160 0.058 0.075 13 0 
Phi(t) p(EFFORT) B(t)- Design 1304.89 6.1172 0.03611 0.047 13 0 
Phi(.) p(.) B(t) 1308.61 9.8402 0.00561 0.0073 7 0 
Phi(.) p(.) B(.) - Design 1329.08 30.3057 0 0 4 0 

 

Results 

Abundance estimates obtained with the best CJS model (reported in Chapter 4), the best transience 

model (Phi-S1(t) p(t) Trans) and the best POPAN model (Phi(t) p(t) B(t)) showed very similar results and 

confidence intervals overlapped suggesting high precision (Figure 8.15-1). 
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Figure 8.15-1. Results of annual estimates of abundance for the best model selected for CJS, CJS-transience 

and POPAN. Estimates obtained with these models were closed to each other and confidence intervals 

overlapped. Vertical lines represent standard errors. 
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8.16 STRANDING DATABASE OF BOTTLENOSE DOLPHINS FOUND 

IN THE NORTH ISLAND OF NEW ZEALAND DURING 1996-2008  

 

Excel file with the stranding database provided by Anton Van Helden from the 

Museum of New Zealand Te Papa Tongarewa and the Department of Conservation. 

This database includes information on 56 stranding events involving 80 bottlenose 

dolphins along the coast of the North Island and notes on potential causes of deaths. 

 

 

8.17 BOTTLENOSE DOLPHINS SIGHTING DATABASE IN THE BAY 

OF ISLANDS 2002-06 

Data collected during this research included individual identification photographs of bottlenose 

dolphins in the Bay of Islands, including information on group size, composition, behaviour, GPS 

position and tissue samples. This database is proprietary to G. Tezanos-Pinto however; requests for 

non-conflicting purposes can be made and will require the written permission of G. Tezanos-Pinto. 

The request to use the database should be made in a form of a proposal outlining the intentions of 

usage of the data, including objectives, anticipated outputs, estimated time of completion and 

authorship. It is understood that the applicant will use the requested data only for the objectives 

described on his/her proposal and that the dataset will not be shared with any third party. G. 

Tezanos-Pinto can be contacted at: gaby@pachamama.co.nz. 

 

G. Tezanos-Pinto reserves the right to decline to contribute the data if any conflict of interest arises 

and also reserves the right to be included as co-author on any form of publication or reports that 

have resulted from the use of the total or partial dataset. G. Tezanos-Pinto reserves the right to be 

included as a co-author of any form of publication that uses the genetic samples of bottlenose 

dolphins collected in New Zealand during 2002-06. 

 

The input file used for the estimation of abundance with mark-recapture is available upon request for 

non-conflicting purposes. The request to use the input file should be made in a form of a brief 

proposal outlining intentions of usage including objectives, anticipated products of the work, 

estimated time of completion and authorship. 




