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“It is helpful to be reminded of the teaching of anthropologist Margaret 

Mead: “Never doubt that a small group of thoughtful, committed citizens 

can change the world: indeed, it’s the only thing that ever has.” Most of 

the time, success stories in marine conservation come from painstaking, 

long-term commitment by individuals or groups who do not allow 

themselves to be overcome by frustration.” 

 

Giovanni Bearzi – Marine Conservation on Paper – page 21 

 

 

 

 

“There is one last reason for caring, and I believe that no other is 

necessary. It is certainly the reason why so many people have devoted their 

lives to protecting the likes of rhinos, parakeets, kakapos and dolphins. 

And it is simply this: the world would be a poorer, darker, lonelier place 

without them.” 

 

Mark Carwardine – Last Chance to See – page 2132 

                                                
1
 Bearzi, G. 2007. Marine conservation on paper. Conservation Biology 21(1): 1-3. 

2 Adams, D. & Carwardine, M. 1990. Last chance to see. New York, Ballantine Books, 222 pp. 
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Abstract 

The bottlenose dolphins of Fiordland, New Zealand, live at the southern limit of the 

species’ worldwide range. They are exposed to impacts from tourism and habitat 

modification, particularly in Doubtful Sound, and their conservation requirements are 

presently unclear. Dolphin abundance was estimated in Doubtful Sound using photo-

identification census and capture-recapture techniques (56 individuals; 95% CI: 55-

57), detecting a decline of 34-39% over 12 years among adults and sub-adults (>3 years 

old). The cause of this decline was investigated via demographic modelling in Doubtful 

Sound and a comparative assessment of population status in Dusky Sound. 

Capture-recapture modelling of photo-identification data compiled since 1990 yielded 

a constant adult survival rate marginally lower than prior estimates for wild bottlenose 

dolphins (!a(1990–2008) = 0.9374; 95% CI: 0.9170-0.9530). Survival of calves (<1 year 

old) declined to an unsustainable level that is thought to be the lowest recorded for 

wild bottlenose dolphins (!c(2002–2008) = 0.3750; 95% CI: 0.2080-0.5782) coincident with 

the opening of a second tailrace tunnel for a hydroelectric power station. Reverse-time 

capture-recapture modelling detected declines in recruitment (f(1994–2008) = 0.0249; 95% 

CI: 0.0174-0.0324) and population growth (!(1994–2008) = 0.9650; 95% CI: 0.9554-

0.9746) over time consistent with the decline in calf survival (<1 year old) and a 

separate reduction in juvenile survival (1 to 3 years old) reflecting cumulative impacts. 

Dolphin abundance was estimated in Dusky Sound using photo-identification census 

and capture-recapture techniques (102 individuals; 95% CI: 100-104) providing no 

evidence of interchange with Doubtful Sound. A comparative assessment of health 

status between Doubtful and Dusky Sounds revealed skin lesioning was more severe in 

Doubtful Sound, particularly among females, and newborn calves appeared to be 

smaller and were born over a shorter period: factors that may contribute to the low 

levels of calf survival in Doubtful Sound. The Fiordland bottlenose dolphins were 

assessed under IUCN Red List regional criteria. The small size of the population (205 

individuals; 95% CI: 192-219) combined with the projected rate of decline in 

stochastic matrix models (average decline: 31.4% over one generation) resulted in a 

recommended classification of Critically Endangered. 
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Chapter 1 

General Introduction 

 

Bottlenose dolphins 

Bottlenose dolphins (family: Delphinidae, Tursiops spp.) are cosmopolitan and globally 

abundant, occupying a diverse range of inshore and offshore habitats across tropical and 

temperate regions worldwide (Wells & Scott 1999; Reynolds et al. 2000). Despite 

decades of research, the extensive geographic range and unclear taxonomic status of 

bottlenose dolphins have hampered efforts to assess global threat status (Reeves & 

Leatherwood 1994; Reeves et al. 2003). Common bottlenose dolphins (T. truncatus) 

have been classified as Least Concern in the 2008 update of the IUCN Red List while 

Indo-Pacific bottlenose dolphins (T. aduncus) remain classified as Data Deficient 

(IUCN 2008). There is presently no evidence to suggest that bottlenose dolphins are 

threatened globally. Many regional populations, however are threatened due to human 

impacts that include hunting, fisheries mortality, and habitat degradation (Wells & 

Scott 1999; Reeves et al. 2003). 

 

The ecological flexibility of bottlenose dolphins is a key reason why many populations 

are exposed to human impacts: their widespread distribution overlaps with many 

human activities (Wells & Scott 1999; Reeves et al. 2003). They inhabit pelagic and 

coastal waters, with ranges that extend into harbours, bays, estuaries, rivers and fiords 

(Leatherwood & Reeves 1990; Wells & Scott 1999). Their adaptability is reflected in a 

diverse array of population structures, from small resident groups (e.g. Wells et al. 1987; 

e.g. Williams et al. 1993; Wilson et al. 1997b) and mobile coastal populations (e.g. 

Defran et al. 1999) to large pelagic schools (Leatherwood et al. 1988). Consistent with 

this, they show a broad range of population sizes: encompassing anything from 50-150 

individuals (e.g. Williams et al. 1993; Wilson et al. 1999a) to 2000-7000 individuals 

(e.g. Preen et al. 1997; Forcada et al. 2004). Ecological constraints appear to have 

important consequences for social structure; as the dynamic relationships typical of 

fission-fusion societies in the sub-tropics (Connor et al. 2000) give way to long-term 

close associations in cool temperate latitudes (Lusseau et al. 2003). 
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The species’ global distribution, adaptable nature, and ability to survive in captivity 

have enabled detailed study over many decades (Shane et al. 1986; Leatherwood & 

Reeves 1990; Wells & Scott 1999), providing extensive information on behaviour 

(Wells et al. 1987; Connor et al. 2000), acoustics (e.g. Au 1993) and life history (Wells 

& Scott 1990; 1999). Key insights from such studies include identifying the long 

lifespan of bottlenose dolphins (45-50 years; Wells & Scott 1999), and the significant 

parental investment required for reproduction through prolonged association with 

calves (3-5 years; Connor et al. 2000). Further, these dolphins display complex 

behaviours that indicate a high degree cognitive sophistication (Marino et al. 2007). 

 

Presently, the taxonomic status of bottlenose dolphins remains unresolved (LeDuc & 

Curry 1998; Rice 1998). Originally thought to be a single species, Tursiops truncatus 

(Montague 1821), there is now evidence of species-level differences in mitochondrial 

DNA, morphology and ecology between inshore and offshore forms (Rice 1998). On 

this basis, a second species of bottlenose dolphins, Tursiops aduncus (Ehrenberg 1833), 

has been described in the tropical Indian and Pacific Oceans (Rice 1998). Further, 

recent studies of delphinid cytochrome b gene sequences indicate Tursiops to be a 

polyphyletic genus (LeDuc et al. 1999). This lack of taxonomic clarity may simply 

reflect global variation in bottlenose dolphin morphology and ecology (Rice 1998). 

 

The taxonomy of the Fiordland bottlenose dolphins has been unclear until recently. In 

the absence of genetic information, the population was initially regarded as being 

Tursiops truncatus (Williams et al. 1993; Schneider 1999; Haase 2000). However, the 

emergence of taxonomic debates regarding bottlenose dolphin classification globally, 

led many to conclude that classifying the population as T. truncatus may be premature 

and hence the classification Tursiops sp. or spp. was employed to reflect this uncertainty 

(Lusseau 2006; Lusseau & Wing 2006; Rowe & Dawson in press-b). A further reason 

for this approach was that the Fiordland bottlenose dolphins were found to exhibit 

numerous unusual morphological, ecological and sociological characteristics; such as 

large, rotund body shapes, seasonal breeding and movements, and long-term close 

associations (Schneider 1999; Lusseau et al. 2003). These characteristics were 

attributed to geographic isolation and suggested it may be unwise to make assumptions 

regarding taxonomic status. Since then, a genetic study comparing New Zealand 
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bottlenose dolphins to samples taken worldwide has concluded the Fiordland 

bottlenose dolphins should be classified as T. truncatus (Tezanos-Pinto et al. 2008). 

Further, this study revealed coastal populations within New Zealand show a high 

degree of isolation from each other (Tezanos-Pinto et al. 2008), confirming earlier 

suggestions that the Fiordland bottlenose dolphins were isolated. Given this recent 

development, I will use T. truncatus throughout this thesis when describing the 

bottlenose dolphins of Fiordland. 

 

Fiordland environment 

Fiordland is one of New Zealand’s last wilderness areas (Mark 1998), with a marine 

environment that encompasses 14 fiords, a lake that connects to the sea and numerous 

embayments along a rugged coastline (Figure 1). The mountainous, rainforest-covered 

land that surrounds the fiords is protected as part of Fiordland National Park, which 

was established in 1952 and is New Zealand’s largest national park (Mark 1998). 

Together with Mount Cook, Westland, and Mount Aspiring National Parks, it was 

designated Te Wahipounamu - the South West New Zealand World Heritage Area in 

1991, underlining its national and global ecological importance (Mark 1998). 

 

The marine environment surrounding Fiordland has not received the same level of 

protection. Two marine reserves were established within Milford Sound (723ha) and 

Doubtful Sound (93ha) in 1993, representing 1% of the inner fiord habitat (Fiordland 

Marine Conservation Strategy 2003). In 2005, eight new reserves were established in 

response to observed declines in fish stocks, bringing the total protected area to 

10247ha or 13% of the inner fiord habitat (Fiordland Marine Conservation Strategy 

2003). While the Marine Mammals Protection Act 1978 (NZ) affords protection to all 

marine mammals in New Zealand waters, there are no marine mammal sanctuaries or 

statutory regulations for the protection of marine mammals specific to Fiordland waters. 

 

The fiords are home to a unique assemblage of deep-water species (Grange 1985); this 

is made possible by the unusual environmental and oceanographic conditions. The 

waters are stratified, with a tannin-stained, low-salinity layer floating above the dense 

marine waters (Gibbs et al. 2000). The low-salinity layer arises through high rainfall 

and persists due to reduced water exchange with the ocean (Gibbs et al. 2000). 
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Fiordland is one of the wettest places on Earth, with annual rainfall exceeding 6200mm 

in Milford Sound and 6700mm on the Wilmot Pass, Doubtful Sound (Stanton & 

Pickard 1981). Rainwater flowing down the steep-sided valleys accumulates tannins 

from the humic material that covers the rainforest floor, resulting in the tannin-

stained, low-salinity layer (Gibbs et al. 2000). This layer attenuates sunlight, reducing 

available light and allowing deep-water organisms, such as black coral, to flourish at 

shallow depths (Grange & Singleton 1988). The low salinity layer also reduces fiord 

nutrient levels and productivity (Peake et al. 2001). Despite the low productivity of 

these waters, Fiordland’s cetacean fauna is diverse, with 11 species recorded, 

representing more than one quarter of the world’s cetacean genera and one third of 

cetacean families (Lusseau & Slooten 2002; Currey 2006). However only bottlenose 

dolphins are resident within the fiords year round (Williams et al. 1993; Lusseau & 

Slooten 2002; Currey 2006). 

 

Fiordland bottlenose dolphins 

The Fiordland bottlenose dolphins (Tursiops truncatus) live at the southern limit of the 

species’ worldwide range (Bräger & Schneider 1998). Three resident groups (sensu 

Connor et al. 1998) inhabit the Fiordland area (Figure 1): one group ranges among the 

smaller northern fiords while two separate groups are found within the complexes 

formed by Doubtful and Thompson Sounds, and Dusky and Breaksea Sounds (Bräger & 

Schneider 1998; Lusseau & Slooten 2002). These three groups represent the 

established range of the resident bottlenose dolphins inferred from nearly two decades 

of ecological study and opportunistic observations along the Fiordland coastline 

(reviewed in Currey in press). There are currently no records of bottlenose dolphins 

using Nancy Sound: it is unclear whether this reflects a persistent absence or if Nancy 

Sound is an area that is simply infrequently used, perhaps similar to First Arm in 

Doubtful Sound (Schneider 1999). While there have been other, infrequent bottlenose 

dolphin sightings in the Fiordland region, these sightings exhibit characteristics that 

indicate these individuals are probably transients and unlikely to form part of the 

resident groups, such as sightings offshore from Dagg Sound in the company of pilot 

whales (Currey 2006; in press). There have been only five reported sightings of 

bottlenose dolphins in Chalky and Preservation Inlets from 1996 to 2009 with variable 

group sizes (5-100+ individuals) and no apparent overlap with the resident groups on 
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the basis of photographs taken during a recent encounter, suggesting these individuals 

are occasional visitors from one or more bottlenose dolphin population(s) using the 

southern coast or offshore areas of the Fiordland coast (Currey 2006; in press).  

 

While the Fiordland groups are genetically isolated from other coastal populations in 

New Zealand (Tezanos-Pinto et al. 2008), genetic isolation among groups within 

Fiordland has not been assessed. Long-term ecological studies in Doubtful Sound 

indicate dolphins reside within the fiord year-round and show a degree of isolation that 

indicates that they form a largely closed population (Williams 1992; Schneider 1999; 

Haase 2000; Lusseau 2003a; Boisseau 2004). The resident dolphins have been sighted 

in Doubtful Sound on more than 90% of days the fiord was surveyed, with many 

individuals regularly resighted for more than 15 years (Williams 1992; Schneider 1999; 

Haase 2000; Lusseau 2003a; Boisseau 2004). There have been only two documented 

cases of possible overlap between separate Fiordland groups (Lance Shaw pers. comm.) 

in nearly two decades of ecological study and opportunistic observations along the 

Fiordland coastline (Currey in press). Two well-marked, identified individuals from 

Doubtful Sound (Quasimodo and MN83) were observed in Wet Jacket Arm in Dusky 

Sound in 2003 in the company of other bottlenose dolphins (Lance Shaw pers. 

comm.). MN83 went missing some time after this and has not seen in either population 

since 2004. After returning to Doubtful Sound, Quasimodo was again observed in 

Dusky Sound in 2005 (Lance Shaw pers. comm.). Not long after returning to Doubtful 

Sound a second time, Quasimodo disappeared and has not been seen in either 

population since 2005. Both individual were male and quite old, having been observed 

as mature individuals as far back as 1990. Given the only two individuals known to 

have travelled into the range of a neighbouring population were old, may not have 

been capable of mating (Quasimodo possessed a spinal deformity and an injury from a 

possible propeller strike) and both individuals disappeared from both populations 

shortly after, the consequences of such overlap are likely to be minimal. The small level 

of possible exchange between groups is consistent with the groups being effectively 

isolated over the timescale of years to decades. 
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Figure 1: The Fiordland region with the approximate ranges of the three resident 

dolphin groups (shaded). The separate groups that inhabit Doubtful/Thompson Sounds 

and Dusky/Breaksea Sounds appear restricted to these areas. The northern group ranges 

through numerous smaller fiords, embayments and Lake McKerrow, which connects to 

the sea. 
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Since 1990, the Doubtful Sound population has been the subject of a long-term non-

invasive research program. This long-term focus has provided a wealth of information 

concerning many aspects of the population, most notably: abundance (Williams et al. 

1993; Chapter 3), distribution (Williams et al. 1993; Schneider 1999), morphology 

(Chong & Schneider 2001), demographics (Haase & Schneider 2001; Chapters 4 & 

5), acoustic repertoire (Boisseau 2005), diet (Lusseau & Wing 2006), social structure 

(Lusseau 2003d; Lusseau et al. 2003; Lusseau 2007), tourism impacts (Lusseau 2003b; 

2003c; 2004; 2006; Appendix A) and population viability (Lusseau et al. 2006c; 

Chapters 4 & 8). The enduring focus has been photo-identification of naturally marked 

individuals (Würsig & Würsig 1977; Würsig & Jefferson 1990) to which the present 

study has contributed. 

 

The Doubtful Sound bottlenose dolphins exhibit many characteristics that appear to 

reflect the demands of their cold-water habitat. They are physically larger than coastal 

conspecifics found in warmer waters, with rotund bodies and comparatively shorter 

flukes, fins and rostrum (Schneider 1999; Chong & Schneider 2001). The dolphins are 

found in large groups that sometimes comprise the entire population and show strong, 

long-lasting associations within and between sexes (Lusseau et al. 2003), unlike those 

found within fission-fusion societies (Connor et al. 2000). Their habitat use changes 

seasonally in response to water temperature (Schneider 1999). In winter, the dolphins 

avoid cooler, inner regions of the fiord, remaining closer to the open ocean, while in 

summer the dolphins are found in the inner sections of the fiord where they breed in 

the warmer waters (Schneider 1999; Haase & Schneider 2001). Seasonal patterns in 

bottlenose dolphin distribution relating to water temperature are unusual and are 

typically only observed in populations in cool-temperate latitudes (e.g. Wilson et al. 

1997b; Ingram & Rogan 2002). The dolphins are reliant on local productivity, feeding 

primarily on sub-tidal reef fish (Lusseau & Wing 2006). They are also highly 

susceptible to disturbance, showing severe adverse reactions to attempts to attach 

suction cup time depth recorders (Schneider et al. 1998). 

 

Abundance has been estimated for two of the three groups in Fiordland using dorsal fin 

photo-identification (Würsig & Würsig 1977; Würsig & Jefferson 1990). Most studies 

have focused on the Doubtful Sound population due to its accessibility and residency 
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within the fiord. Here, the first abundance estimate was calculated using capture-

recapture methods, determining there were 58 adults and sub-adults (CV=2.8%) in 

summer 1991/1992. This study involved 55 days of surveys but did not cover the entire 

fiord system (Williams et al. 1993). It is therefore possible that some individuals were 

missed. A more comprehensive capture-recapture study, encompassing the entire 

Doubtful Sound fiord system and 353 days field effort over three years, found 67 adults 

and sub-adults (CV=1.9%) in winter 1997 (Schneider 1999). Since then, a photo-

identification census of the Doubtful Sound group was conducted over 107 days, 

yielding a count of 65 adults and sub-adults for the summer of 1999/2000 (Haase 2000). 

Capture-recapture analysis of a combined dataset (Schneider 1999; Haase 2000; 

Lusseau 2003a), revealed a decline among the adult members of the population from 55 

adults (CV=0.4%) in summer 1994/1995 to 49 adults (CV=0.7%) in summer 

2000/2001 (Gormley 2002). 

 

Outside the Doubtful Sound area, estimates have been less frequent due to the 

remoteness of the dolphins’ habitat. Surveys conducted in Milford Sound (Lusseau 

2003a; Boisseau 2004), a portion of the northern group’s range, estimated there were 47 

adults and sub-adults (CV=6.5%) in winter 2003 using capture-recapture techniques 

(Boisseau 2003). There were no abundance estimates from Dusky Sound before the 

current study. Preliminary photo-identification data suggest that there might have been 

60 to 70 adults and sub-adults there in winter 2003 (Boisseau 2003), but this is subject 

to considerable uncertainty. These studies suggest that Fiordland is home to fewer than 

250 resident bottlenose dolphins. 

 

Impacts and threats 

Fiordland is one of New Zealand’s top tourist destinations, with 1.03 million visits by 

tourists and $127.3 million spent in the Fiordland area in 2005, and projected increases 

of 22.4% in visitor numbers and 40.9% in revenue by 2012 (Fiordland Regional 

Tourism Organisation Report 2006). Many visitors come to Fiordland to experience 

wilderness and cruise on the fiords, with the resident bottlenose dolphins a key 

attraction (Lusseau 2005a). However, the presence of tour boats has been shown to 

have detrimental effects on the dolphins (Lusseau 2003a). In Doubtful Sound, tour 

boats were shown to increase the dive interval of both males and females (Lusseau 
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2003b), as well as disturbing resting and socialising behaviours, resulting in increased 

travelling (Lusseau 2003c). The residency patterns of the northern Fiordland 

bottlenose dolphins appear to have changed in response to the level of boat activity in 

Milford Sound, with the dolphins avoiding the fiord entirely when tour boat activity 

was at its peak (Lusseau 2005b). In both Milford and Doubtful Sounds, dolphins have 

been observed with marks from boat strikes and in one case, a calf was killed by a boat 

strike (Lusseau et al. 2002; Boisseau 2003). 

 

In response to these observed impacts, a voluntary code of practice was established for 

tour boats in Milford and Doubtful Sounds in 2006 to improve tour boat behaviour 

around the dolphins (Marine Mammal Viewing Code of Practice 2006). This has been 

formalised in a Code of Management for Doubtful Sound in January 2008 to include 

Dolphin Protection Zones (DPZs) where vessel activity is limited. These zones extend 

200m out from shore in regions of the fiord that include some of the population’s most 

critical habitats (Lusseau & Higham 2004; Lusseau et al. 2006b). However, this Code 

of Management remains voluntary at present. The long-term value of such voluntary 

measures is uncertain, given the frequent observed non-compliance with the Marine 

Mammals Protection Act 1978 (i.e. excessive boat speeds, unsafe approaches to 

dolphin groups) in Fiordland in the past (Lusseau 2003c; 2006), and the apparent 

ineffectiveness of voluntary codes of practice in other locations (Scarpaci et al. 2003; 

Scarpaci et al. 2004; Whitt & Read 2006; Wiley et al. 2008). 

 

In addition to tour boat activity, the bottlenose dolphins in Doubtful Sound are subject 

to the effects of freshwater discharge from the Manapouri hydroelectric power station 

tailrace. Freshwater sourced from Lake Manapouri empties into the fiord at Deep Cove 

(Figure 2). This freshwater inflow occurs at the rate of c. 450-510 cumecs, two to three 

times larger than the mean inflow from precipitation, resulting in a low-salinity layer 

significantly deeper than found in neighbouring fiords (Gibbs et al. 2000; Gibbs 2001). 

The low-salinity layer shows significant seasonal temperature variation, from 14-16°C 

in summer to 8-10°C in winter at a depth of 1m (and occasionally freezing over in 

winter), while the underlying marine waters maintain a relatively constant 13-15°C 

year round at 25m (Gibbs 2001; Peake et al. 2001). This variation in surface water 

temperature exposes the dolphins to conditions that may exceed their ecological 
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tolerance, given they are resident at the southern limit of the species’ worldwide 

distribution (Bräger & Schneider 1998). 

 

 

Figure 2: Doubtful Sound as seen from the Wilmont Pass, looking northwest towards 

the Tasman Sea. Deep Cove is in the foreground as is the outflow from the tailrace. 

The hydroelectric power station lies southeast on the shore of Lake Manapouri. 

 

The additional freshwater has other effects, altering sub-tidal community structure 

within Doubtful Sound, resulting in declines in species richness (Boyle et al. 2001; 

Tallis et al. 2004; Rutger & Wing 2006). Historical fishing practices have also affected 

Fiordland’s marine environment, resulting in significant declines in fish abundance 

(Beentjes & Carbines 2005). This was one of the main reasons for the establishment of 

two new marine reserves in Doubtful Sound in 2005, representing an eleven-fold 

increase in the area protected within the fiord (Fiordland Marine Conservation 

Strategy 2003). The cumulative effects of historical fishing practices and altered 

community structure on the resident dolphins may be significant, given that they rely 

on productivity from within the fiord (Lusseau & Wing 2006). 
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There is a clear need to assess the conservation requirements of the Fiordland 

bottlenose dolphins. The Fiordland population is fragmented, with three separate 

groups and a total population size that may number fewer than 250 individuals. The 

dolphins display unusual characteristics and are resident in a region of internationally 

recognised ecological significance (Mark 1998; Schneider 1999; Lusseau et al. 2003). 

Their response to invasive research suggests that they are unusually susceptible to 

disturbance, yet they are exposed to disturbance from tour boats on a daily basis 

(Schneider et al. 1998; Lusseau 2003a). They are found at the species’ ecological limit 

and are reliant on local productivity, yet in Doubtful Sound they are subjected to 

anthropogenic ecological change that may threaten local productivity and exceed the 

dolphins’ ecological tolerance (Bräger & Schneider 1998; Gibbs 2001; Peake et al. 

2001; Lusseau & Wing 2006). Hence, an assessment of the present status of bottlenose 

dolphins in Fiordland is vital. 

 

Thesis objectives 

Given the threats facing bottlenose dolphins in Fiordland, particularly in Doubtful 

Sound, this thesis will address the following objectives: determine the present status of 

the Doubtful Sound population (Objective 1); assess the role of demographic factors 

and human impacts in recent trends in the Doubtful Sound population (Objective 2); 

determine the present status of the remote Dusky Sound population, and commence a 

comparative study with Doubtful Sound (Objective 3); and assess the status of the 

Fiordland bottlenose dolphins under IUCN Red List criteria (Objective 4). 

 

Objective 1: Determine present status and recent trends in dolphin abundance for 

the Doubtful Sound population. 

Abundance is a population’s most basic attribute and trends in abundance can provide 

a clear indication of the health of a population (Williams et al. 2002). The abundance 

of bottlenose dolphins in Doubtful Sound has been documented in the past (Williams 

et al. 1993; Schneider 1999; Haase 2000; Gormley 2002). However, no previous 

estimate of dolphin abundance encompassed the entire population (i.e. adults, sub-

adults and calves). Further, inconsistencies in prior approaches (i.e. survey route, 

analytical techniques and subsets of the population included) make the assessment of 

long-term trends difficult. To determine the present status of the population, there is a 
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clear need to estimate the abundance of the entire population. Crucially, dolphin 

abundance must be estimated with sufficient precision as to enable the detection of 

trends (see Taylor & Gerrodette 1993; Taylor et al. 2007b). Finally, to assess 

population trajectory, estimates of abundance must be standardised across years; only 

then can meaningful comparisons be made. I have addressed these points in Chapter 3. 

 

Objective 2: Assess the relative role of demographic factors and human impacts in 

recent trends in the Doubtful Sound population. 

Determining present status and recent trends in a population is the first diagnostic step 

towards identifying the conservation needs of the population. Once that information 

has been obtained, particularly if the population is found to be small and/or declining, 

the inevitable next questions are: why does the population exhibit those characteristics 

and what does this mean for its future? These are not straightforward questions to 

answer. Discriminating among potential causal factors in population declines can be 

difficult, especially when populations are subject to numerous direct and indirect 

impacts (Pascual & Adkison 1994; Caughley & Gunn 1996). 

 

One approach is to understand the relationship between the proximate (i.e. 

demographic) and ultimate (i.e. external) factors that contribute to trends in 

population status. It is possible to assess these relationships through demographic 

modelling, an extension of traditional survival analysis (Buckland 1982; 1990; Slooten 

et al. 1992). The existence of a long-term dorsal fin photo-identification dataset for the 

bottlenose dolphins in Doubtful Sound (Williams 1992; Schneider 1999; Haase 2000; 

Gormley 2002; Lusseau 2003a; Boisseau 2004) makes this approach possible. By 

applying capture-recapture models in a conventional Cormack-Jolly-Seber approach 

(Cormack 1964; Jolly 1965; Seber 1965; Lebreton et al. 1992) and a reverse-time 

Pradel approach (Pradel 1996; Nichols et al. 2000), survival, recruitment and 

population growth can be estimated using maximum likelihood methods. 

 

Capture-recapture demographic modelling is ideally suited to an information theoretic 

approach to model selection, enabling formal evaluation of competing hypotheses to 

determine the best explanation of observed patterns in the demographic parameters 

concerned (Akaike 1973; Burnham & Anderson 2002; Anderson 2008). Given the 
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capture-recapture dataset spans the period over which both tourism and freshwater 

discharge have increased (Boyle et al. 2001; Lusseau et al. 2006b), it provides a natural 

means to quantify the evidence for impacts on key demographic parameters. Finally, by 

using the estimated parameters in a population viability analysis (adapted from Slooten 

et al. 2000), we can infer consequences for the population of apparent demographic 

trends. I have addressed these ideas in Chapters 4 and 5. 

 

Objective 3: Determine present status of the Dusky Sound population and 

commence a comparative study with Doubtful Sound. 

Currently, very little is known about the bottlenose dolphins in Dusky Sound, the most 

remote of the Fiordland populations. Sightings from platforms of opportunity suggest 

that this population may be resident within the fiord system (Bräger & Schneider 1998; 

Lusseau & Slooten 2002; Currey 2006). A preliminary, informal estimate of abundance 

(Boisseau 2003) suggested the population may contain 60 to 70 adults. However, there 

has been no statistically robust estimate of abundance and no assessment of the 

interchange with other Fiordland populations. Further, the Dusky Sound population is 

likely to possess more characteristics in common with the population in Doubtful 

Sound, than the northern population, if it is resident in a single fiord system. 

Determining the present status of the Dusky Sound population, potentially the least 

impacted population in Fiordland, may help to identify what we would expect in 

Doubtful Sound if human impacts were reduced. Comparing key characteristics 

between populations may also provide insights into the effects of human activities. 

However, such an approach must recognise that Dusky Sound could only ever serve as 

imperfect control, given the underlying geographic, oceanographic and ecological 

differences between sites. Additionally, the potential for interchange between 

populations must be explored for population dynamics in Doubtful Sound to be fully 

understood. I have addressed these questions in Chapters 6 and 7. 

 

Objective 4: Assess the status of the Fiordland bottlenose dolphins under the IUCN 

Red List criteria. 

Globally, bottlenose dolphins are classified as Data Deficient or Least Concern by the 

IUCN (2008). Many populations, however, are known to be subject to human impacts 

(Reeves et al. 2003). Given that many impacts are region-specific, assessment of 
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conservation need must focus on regional scales to provide the most relevant 

information for managers. In this respect, regional application of IUCN Red List 

criteria provides a means to assess the status of the Fiordland population (IUCN 2001; 

2003). Combining presently available information with newly obtained data on 

dolphin abundance (Objectives 1 and 3) and survival rates (Objective 2), it is possible 

to assess the threat status of the population through stochastic modelling of abundance 

and population trajectory. I have assessed the Fiordland bottlenose dolphins using this 

approach in Chapter 8. 

 

Thesis outline 

This thesis is presented as a series of chapters, some specifically written for the thesis 

and others adapted from manuscripts at various stages of publication. Authorship of 

chapters for publication (Chapters 3-8 & Appendix A) is shared with other researchers 

that have made a significant contribution to the work. These chapters are co-authored 

with my supervisors, Steve Dawson (Chapters 3-8) and Liz Slooten (Chapters 3-6, 8 & 

Appendix A), to acknowledge their contribution to the project through training, 

fieldwork, funding and feedback. Additional co-authors are described below and all co-

authors are listed in footnotes at the beginning of the chapters concerned. 

Chapter 1 provides a general introduction to the conservation biology of the 

bottlenose dolphins of Fiordland. 

Chapter 2 describes the general methods employed in this study. 

Chapter 3 presents current abundance estimates that suggest the Doubtful Sound 

bottlenose dolphin population is declining. This chapter has been published in Pacific 

Conservation Biology (Currey et al. 2007). I collected the data, conducted the analysis 

and wrote the chapter. 

Chapter 4 applies an information theoretic approach to assess the role of human 

impacts on survival rates for the Doubtful Sound bottlenose dolphins. This chapter has 

been published in Aquatic Conservation: Marine and Freshwater Ecosystems (Currey et al. 

2008b). I collected data, conducted the analysis and wrote the chapter. It is co-

authored with researchers that contributed to the long-term capture-recapture dataset 
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in Doubtful Sound since 1990: Karsten Schneider, David Lusseau, Oliver Boisseau, 

Patti Haase and Jami Williams. 

Chapter 5 assesses the role of cumulative human impacts on recruitment and 

population trends for the Doubtful Sound bottlenose dolphins. This chapter will be 

submitted for publication. I collected data, conducted the analysis and wrote the 

chapter. It is co-authored with researchers that contributed to the long-term capture-

recapture dataset in Doubtful Sound since 1994: Karsten Schneider, David Lusseau, 

Oliver Boisseau and Patti Haase. 

Chapter 6 documents the abundance and population structure of bottlenose dolphins 

in Dusky Sound. This chapter has been published in New Zealand Journal of Marine and 

Freshwater Research (Currey et al. 2008a) and was the central part of a larger report 

produced for the New Zealand Department of Conservation (Currey & Rowe 2008). 

Both this chapter and the report were co-authored with Masters student, Lucy Rowe as 

we collected the data, conducted the analysis and wrote them together. My primary 

focus was abundance estimation and her main focus was sex prediction, with the 

remaining tasks shared between us. 

Chapter 7 documents a comparative visual health assessment of bottlenose dolphins in 

Doubtful and Dusky Sounds using dorsal fin photographs and photogrammetry. This 

was a report produced for the New Zealand Department of Conservation (Rowe et al. 

2008) and has been submitted for publication. I share authorship with Lucy Rowe and 

Dave Johnson. Lucy and I planned the study and conducted fieldwork together; I also 

contributed data, assisted with the analysis and reviewed the manuscript. Dave was our 

skipper during field work for the New Zealand Department of Conservation. 

Chapter 8 concludes the Fiordland bottlenose dolphins are a Critically Endangered 

regional population under IUCN Red List criteria (IUCN 2001; 2003). This chapter 

has been published in Biological Conservation (Currey et al. 2009). This chapter 

synthesises data from the previous chapters. I conducted the analysis and wrote the 

chapter. 
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Chapter 9 contains a general discussion to conclude the thesis. Given the results are 

discussed in detail within each of the preceding chapters, this chapter is principally 

focused on future directions for research for the Fiordland bottlenose dolphins. 

Appendix A examines the unsustainable way that dolphin-watching tourism has been 

conducted in Fiordland. This document was presented to the Whale-watching Sub-

committee of the International Whaling Commission (Lusseau et al. 2006a), and 

published in Tourism in Marine Environments (Lusseau et al. 2006b). I share authorship 

with David Lusseau and Liz Slooten as I contributed data and reviewed the manuscript. 

Appendix B contains the Doubtful Sound photo-identification catalogue, documenting 

all individually identifiable dolphins photographed during my fieldwork. While this 

catalogue is my own work, it contains data drawn from the catalogue established in 

1990 and updated ever since by a succession of researchers. It is appropriate to 

acknowledge their contribution (Jami Williams, Karsten Schneider, Patti Haase, David 

Lusseau, Oliver Boisseau and Lucy Rowe) as well as that of my supervisors (Steve 

Dawson and Liz Slooten) in coordinating this long-term project. 

Appendix C contains the Dusky Sound photo-identification catalogue, documenting 

all individually identifiable dolphins photographed during my fieldwork. While this 

catalogue is my own work, Lucy Rowe supplied predicted sex data for some individuals 

as part of her contribution to our project in Dusky Sound (Chapters 6 and 7). 



 

Chapter 2 

General Methods 

 

Study design 

Fieldwork was conducted in both Doubtful and Dusky Sounds. The principal field site 

was Doubtful Sound, where data were collected in all seasons (except autumn and 

winter 2007) between December 2004 and February 2008. This approach enabled a 

detailed assessment of population structure, resulting in the estimation of abundance, 

survival, recruitment and population growth (Chapters 3, 4 & 5). Fieldwork was 

conducted in the more remote Dusky Sound on four occasions: October 2006, 

December 2007, February 2008 and July 2008. The first occasion was a 6-day pilot 

study using a charter vessel (20m motor sailing yacht) as a platform of opportunity. 

Subsequent trips were longer and based on Anchor Island, providing the chance to 

estimate abundance and begin a comparative ecological study between locations 

(Chapter 6 & 7). Combining information from both field sites, and prior information 

collected in northern Fiordland (Boisseau 2003), it was possible to determine the 

appropriate regional IUCN Red List classification (IUCN 2001; 2003) for the 

Fiordland bottlenose dolphins (Chapter 8). 

 

Survey techniques 

Surveys of Doubtful and Dusky Sounds were conducted using small aluminium-hulled 

research vessels (5.0-5.5m in length), powered by a 60-90hp outboard engines (Figure 

1). A Garmin GPS (12XL or 60CSX) was used to record survey effort, logging track 

points each minute the vessel was in operation. Surveys usually began an hour or so 

after dawn, when the sea state was Beaufort three or less and visibility was fair or better 

(i.e. low cloud absent or dissipating). These criteria minimised the chance of missing 

dolphins and ensured good conditions for photography. While searching, the vessel 

travelled at constant speed (15 knots) and researchers scanned the fiord for dolphins. A 

survey route specific to each fiord system was followed until a group of dolphins were 

encountered. While surveys rarely included all areas of the fiord system in a given day, 
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all areas of the fiord were surveyed at least once per season in order to locate any 

persistently isolated groups of dolphins. 

 

 

 

Figure 1: The primary research vessel used during this study: RV Nemo. 

 

Once dolphins were sighted, the time was noted and an approach was made to conduct 

dorsal fin photo-identification (Würsig & Würsig 1977; Williams et al. 1993). These 

techniques are described in more detail below. When in the presence of dolphins, the 

research vessel was operated in accordance with the University of Otago Marine 

Mammal Research Group Code of Practice (outlined below). Once the individual 

members of the dolphin group were identified, the encounter ceased, the time noted 

and the vessel broke contact with the dolphins. The survey of the fiord system was then 

continued until another group was encountered, the route was completed, or 

conditions became unworkable due to wind, heavy rain or failing light. 

 

Code of practice 

Since 1994, all research conducted in Fiordland by the University of Otago Marine 

Mammal Research Group has followed a code of practice (COP) developed by 
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Schneider (1999). The intent of the COP is to ensure that the conduct of the research 

vessel was consistent, predictable and non-invasive. When a pod of dolphins was 

sighted, the vessel’s speed was decreased. An approach was made from behind the group 

following a course parallel to the pod’s direction of travel. Once the vessel was within 

50m of the group, speed was further reduced to idle or just fast enough to keep a 

constant distance from the pod. When at close quarters, all changes in boat behaviour 

were signalled to the dolphins. Before altering the vessel’s course by more than 45°, the 

outboard motor trim/tilt switch was pushed once briefly. In the same manner, pushing 

the trim/tilt switch twice briefly signalled an increase in the vessel’s speed. These 

acoustic signals can be easily detected underwater and are within the hearing range of 

bottlenose dolphins (Boisseau 2004). The dolphins were clearly able to recognise these 

signals as some individuals approached the bow of the boat in anticipation of riding the 

vessel’s bow-wave (Lusseau 2003a). 

 

If the dolphins demonstrated signs of avoidance, the vessel moved more than 200m 

away from the group. Dolphin behaviours interpreted as indicating boat avoidance 

included changes in the pod’s direction away from the vessel more than three times 

within five minutes and/or individuals performing tailslaps in front of the vessel. Such 

events were rare and occurred on fewer than 10 occasions during the present study. 

These behaviours may not be the result of the presence of the research vessel as they do 

occur naturally. For this reason, after one hour another approach could be attempted. If 

the dolphins avoided the boat again, observation of this group ceased for the day. 

Persistent avoidance of the research vessel is rare (Lusseau 2003a), and was not 

observed during the present study. 

 

The code of practice was designed to minimise the effect of the research vessel on 

dolphin behaviour. Its success in minimising impacts was demonstrated through shore-

based observations of dolphin behaviour (Lusseau 2003b). The presence of the research 

vessel did not significantly increase or decrease dive interval. Statistical power analysis 

showed that a 6.3 sec difference in dive interval would have been detectable with 86% 

power (Lusseau 2003b). This finding suggests that the dolphins were accustomed to the 

vessel and the consistent way it behaved. Thus, insights gained from this research were 

not compromised by impacts of the methodology. 
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Photo-identification methodology 

Dorsal fin photo-identification (Würsig & Würsig 1977), is a well-established 

technique for studying the ecology of cetaceans and has been utilised in Doubtful 

Sound for 15 years (Williams et al. 1993; Schneider 1999; Haase 2000; Lusseau 2003a; 

Boisseau 2004). Williams et al. (1993) established a dorsal fin photo-identification 

catalogue that has been maintained and resightings of individuals documented ever 

since (Schneider 1999; Haase 2000; Lusseau 2003a; Boisseau 2004). The present study 

employed photo-identification to: estimate bottlenose dolphin abundance in Doubtful 

and Dusky Sounds (Chapters 3 & 6), expand the long-term resighting dataset for use in 

population studies in Doubtful Sound (Chapters 4 & 5), and conduct a comparative 

visual assessment of dolphin health between Doubtful and Dusky Sounds (Chapter 7). 

 

Photographs were taken with Nikon digital SLR cameras (Nikon D2H, D70s, D100) 

fitted with AF Nikkor lenses (80-200mm f2.8, 300mm f2.8, 300mm f4). When 

photographing dorsal fins, the camera’s shooting mode was set to shutter speed priority. 

Shutter speeds were kept above 1/1000 s at all times with sensitivity adjusted to 

compensate in low light conditions. To minimise the chance of misidentification, 

photographs were required to be sharp, with the identifying feature completely visible 

and perpendicular to the photographer. Individual dolphins were identified using 

naturally occurring marks (Figure 2). These marks included dorsal fin nicks, toothrakes, 

and in one case, a spinal deformity in addition to dorsal fin nicks. Dolphins within 

photographic range were photographed irrespective of their mark status, to enable an 

unbiased estimation of the number of animals with marks in each mark class (Williams 

et al. 1993; Gormley et al. 2005). High field effort across all seasons allowed even 

subtly marked individuals to be uniquely identified and consistently resighted. 

 

Photographs were identified by comparison with a photo-identification catalogue 

(Appendices B & C), and renamed to reflect the identity of the individual, the side of 

the dorsal fin and the sequence in which the photo was taken. The accuracy of the 

process was verified at the end of each field trip for all photos taken during the trip. 

Fewer than 20 errors in initial identification (less than 0.1% of photographs) were 

detected throughout the study. Daily presence or absence of all known individuals was 

scored to create a capture history for each season. 



Chapter 2: General Methods  21 

 

 

 

 (A) 

 

 (B) 

Figure 2: Dorsal fin identification photos showing different classes of markings: nicks 

(A: Wave), and toothrakes (B: Dimple). 
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Capture history data were analysed using capture-recapture methods, assessing trends in 

bottlenose dolphin abundance, survival, recruitment, and population growth in 

Doubtful Sound (Chapters 3, 4 & 5) and providing the first estimate of bottlenose 

dolphin abundance in Dusky Sound (Chapter 6). In addition, morphometric analysis of 

dorsal fin photographs was conducted to measure lesion severity and calf size for a 

comparative visual health assessment (Chapter 7). 

 

Doubtful Sound field effort 

Fieldwork was undertaken over a period of three years in Doubtful Sound. During this 

time, 156 days (961 hours) were spent on the water, covering a total distance of 9155 

nautical miles (16,955 km). Dolphins were observed on 145 days (496 hours) with 

22,228 dorsal fin identification photos taken to estimate abundance and demographic 

rates. Daily effort was distributed across daylight hours but was greatest around midday 

(Figure 3). The fiord system is subject to morning fog and afternoon breezes. These 

factors, combined with seasonal variation in daylight hours, ensured that the time 

spent on the fiord was not evenly distributed throughout the day. Effort was distributed 

across all seasons (Table 1) to enable assessment of seasonal patterns. 

 

 

Figure 3: Total hours spent searching for dolphins and observing dolphins in Doubtful 

Sound each hour of the day. Hours are given in New Zealand Standard Time (NZST). 
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Table 1: Sampling effort by season in Doubtful Sound. 

Parameter Summer Autumn Winter Spring 

Survey effort (days) 58 37 28 33 

Observation (days) 55 36 25 29 

Survey effort (hours) 360 230 168 203 

Observation (hours) 202 121 86 87 

Surveyed distance (n. mi) 3444 1919 1699 2094 

Dorsal fin photographs 10870 4916 2872 3570 

 

 

In Doubtful Sound, our surveys began in Deep Cove (45° 28’S, 167° 09’E) and 

followed a pre-determined route developed by Schneider (1999). The survey route 

encompassed the entire Doubtful Sound fiord system, including the following areas: 

Deep Cove, Hall Arm, Crooked Arm, First Arm, Patea Passage, Te Awaatu Channel, 

Malaspina Reach, Pendulo Reach, Thompson Sound, Bradshaw Sound, Precipice Cove 

and Gaer Arm (Figure 4). 
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Figure 4: Survey route in Doubtful Sound (Schneider 1999). 
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Dusky Sound field effort 

Fieldwork was undertaken on four separate occasions in Dusky Sound. During this 

time, 37 days (253 hours) were spent on the water, covering a total distance of 2886 

nautical miles (5344 km). Dolphins were observed on 31 days (90 hours) with 5868 

dorsal fin identification photos taken to estimate abundance. Daily effort was 

distributed across daylight hours but was greatest between 9am and 2pm (Figure 5). 

Similar to Doubtful Sound, the presence of morning fog and afternoon breezes, 

combined with seasonal variation in daylight hours, ensured that the time spent on the 

fiord was not evenly distributed throughout the day. 

 

 

Figure 5: Total hours spent searching for dolphins and observing dolphins in Dusky 

Sound each hour of the day. Hours are given in New Zealand Standard Time (NZST). 

 

In Dusky Sound, a survey route was established departing from Anchor Island Harbour 

(45°45' S, 166°31.5' E). The survey route encompassed the entire Dusky Sound fiord 

system, including the following areas: Goose Cove, Earshell Cove, Pickersgill Harbour, 

Cascade Cove, Cook Channel, Paget Passage, Bowen Channel, Supper Cove, Shark 

Cove, Fanny Bay, Acheron Passage, Wet Jacket Arm, Breaksea Sound, Broughton Arm 

and Vancouver Arm (Figure 6). 
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Figure 6: Survey route in Dusky Sound. 

 

 



 

Chapter 3 

New abundance estimates suggest Doubtful Sound bottlenose 

dolphins are declining1 

 

The bottlenose dolphins (Tursiops truncatus) of Doubtful Sound, Fiordland, New 

Zealand, live at the southern limit of the species’ worldwide range. They are subject to 

impacts from tourism and habitat modification. Photographic resightings of 

individually distinctive dolphins were gathered from 19 225 dorsal fin photographs 

taken during systematic surveys of the fiord. Field effort spanned nine seasons from 

summer 2004/2005 to summer 2006/2007, including 142 days on the water. Both 

capture-recapture and census approaches were taken in analysis. A total of 71 

individuals were observed over the study period (54 adults, sub-adults and calves more 

than one year old and 17 newborn calves). Births were seasonal, occurring in the 

Austral summer and autumn, with calf survival (9 survivors of 17 births) lower than 

observed for this population in the past. Individual dolphins were resighted frequently 

within and across seasons, confirming the group is resident within the fiord year-round. 

Fifty-six bottlenose dolphins (CV=1.0%) were resident in Doubtful Sound in summer 

2006/2007. Comparison with prior abundance estimates (for adults and sub-adults) 

indicates an apparent population decline of 34-39% over the past 12 years. This 

apparent decline suggests that precautionary management of human impacts is vital for 

the dolphins’ long-term survival. 

                                                
1 Currey, R. J. C., Dawson, S. M. & Slooten, E. 2007. New abundance estimates suggest Doubtful Sound 

bottlenose dolphins are declining. Pacific Conservation Biology 13: 265-273 
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Introduction 

Bottlenose dolphins (Tursiops spp) are cosmopolitan and globally abundant, occupying 

a diverse range of habitats across tropical and temperate regions worldwide (Wells & 

Scott 1999; Reynolds et al. 2000). Classified as “Data Deficient” by the IUCN, the 

viability of many coastal and island-centred populations is threatened through hunting, 

incidental catch, and habitat degradation (Wells & Scott 1999; Reeves et al. 2003). 

 

The bottlenose dolphins (Tursiops truncatus) of Fiordland (44˚30’S, 168˚E; 46˚10’S, 

166˚40’E) are found in three separate populations (Bräger & Schneider 1998). One is 

nomadic, with a home range that encompasses seven of the northern fiords, numerous 

bays and Lake McKerrow (which connects to the sea), while the other two populations 

are restricted to individual fiords: the Dusky/Breaksea Sound complex and the 

Doubtful/Thompson Sound complex, hereafter referred to as Doubtful Sound. They are 

thought to be the World’s southern-most resident groups of bottlenose dolphins (Bräger 

& Schneider 1998) and form a key resource for tourism, particularly within Milford and 

Doubtful Sounds (Lusseau 2005a). 

 

The deep-water Fiordland environment is an unusual habitat for bottlenose dolphins. 

The ecological consequences of this habitat and southerly distribution are reflected in a 

large rotund body shape that maximises heat retention (Schneider 1999). This 

morphology differs from coastal bottlenose dolphins from the subtropics but is similar 

to oceanic animals and coastal populations in temperate latitudes (Wells & Scott 

1999). The Doubtful Sound population shows seasonal calving and seasonal changes in 

habitat use in response to water temperature (Schneider 1999; Haase & Schneider 

2001), similar to other populations in cool-temperate waters (e.g. Wilson et al. 1997b; 

Ingram & Rogan 2002). In winter, the dolphins avoid the cooler, inner regions of 

Doubtful Sound, remaining closer to the open ocean, In summer, the dolphins favour 

the inner sections of the fiord where they calve in the warm, more protected waters 

(Schneider 1999; Haase & Schneider 2001). The Doubtful Sound bottlenose dolphins 

also show strong, long-lasting associations that differ considerably from the fission-

fusion societies observed in other coastal populations of bottlenose dolphins from 

temperate and tropical latitudes (see Lusseau et al. 2003). This unusual social structure 
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has been attributed to geographic isolation and ecological constraints (Lusseau et al. 

2003), factors that must be considered in the management of the population. 

 

Previous estimates of dolphin abundance in Doubtful Sound have been calculated 

using capture-recapture analysis (Chapman modification of the Lincoln-Petersen 

estimator) of dorsal fin photo-identification data, and data on the proportion of 

individuals that are marked (mark rate) (Williams et al. 1993; Schneider 1999). These 

prior estimates excluded calves under three years of age. Williams et al. (1993) 

calculated the first abundance estimate for the bottlenose dolphin population (summer 

1991/1992, 58 adults and sub-adults; CV=2.8%), based on surveys that covered part of 

the fiord system during 55 days on the water across three seasons. Schneider (1999) 

conducted a much more comprehensive study (353 days field effort) with surveys 

encompassing the entire fiord system, providing an abundance estimate of 67 

(CV=1.9%) adults and sub-adults for the winter of 1997. He attributed the apparent 

increase in abundance to increased levels of field effort, dataset heterogeneity and 

possible immigration from other fiords. Since then, Haase (2000) spent 107 days on the 

water and completed a photo-identification census of the population, yielding a count 

of 65 identified adults and sub-adults for the summer of 1998/1999. As part of a larger 

study of capture-recapture analysis per se, Gormley (2002) combined data from 

Schneider (1999), Haase (2000) and Lusseau (2003b) to estimate the size of the adult 

population (excluding sub-adults and calves) and assess trends over time. Over seven 

years from summer 1994/95 to summer 2000/2001, he estimated a decline from 55 

adults (CV=0.4%) to 49 adults (CV=0.7%). Together these studies indicate that the 

Doubtful Sound population is small, and potentially declining in recent years. 

 

The aim of our present study was to provide an updated abundance estimate for the 

Doubtful Sound bottlenose dolphins, including adults, sub-adults and calves. 

Comparing our current abundance estimate with prior estimates enabled a direct 

assessment of the recent trends the population. Finally the implications of our findings 

on the management the population are discussed. 
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Methods 

Data Collection 

To establish the present status, quantify recent changes in abundance, and facilitate 

measurement of future change in the Doubtful Sound bottlenose dolphin population, 

we used photo-identification census and capture-recapture analysis. From December 

2004 to February 2007 we spent nine survey seasons, totalling 142 days on the water, 

conducting photo-identification surveys in a 5 m aluminium-hulled boat powered by a 

60 hp 4-stroke outboard engine. Surveys began from Deep Cove (45o 28’S, 167o 09’E) 

and followed a pre-determined route developed by Schneider (1999) until a group of 

dolphins was encountered (see Chapter 2). 

 

Nikon digital SLR cameras (Nikon D2H, D100) equipped with AF Nikkor lenses (80-

200 mm f2.8, 300 mm f2.8, 300 mm f4) were used to photograph naturally occurring 

marks (see Würsig & Würsig 1977; see Williams et al. 1993 for examples). Individual 

dolphins were identified from nicks in the dorsal fin (63%), toothrakes on the dorsal 

fin and/or body (37%), and in one case, a spinal deformity in addition to dorsal fin 

nicks. When we believed we had photographed every individual in the group (when we 

had taken >4 photos of each individual, c.f. Würsig & Jefferson 1990), we broke 

contact and continued with the survey until the route was completed or conditions 

deteriorated (i.e. Beaufort !4 and/or heavy rain). Identification photography was 

completed on 129 of the 132 days we encountered dolphins. At least once a season, we 

completed a survey of the entire fiord in order to photograph any persistently isolated 

groups of individuals. To reduce the chance of misidentification, photographs were 

required to be sharp, with the identifying feature completely visible and perpendicular 

to the photographer (Williams et al. 1993). After applying these criteria, 19 225 

photographs remained. High field effort allowed even subtly marked animals to be 

uniquely identified and consistently resighted. 
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Abundance Estimation 

Population size was estimated two ways, via photographic census and via capture-

recapture analysis. In the census approach we used the number of identified individuals 

sighted or known to be alive in each season (i.e. including known individuals not 

sighted on that occasion but seen in subsequent seasons) as a direct measure of 

minimum abundance. Our census included calves identified by the presence of marks 

(primarily toothrakes), the shape of their dorsal fins and continued association with the 

(presumed) mother.  

 

We used the Chapman modification of the Lincoln-Petersen capture-recapture 

estimator (Chapman 1951) to estimate the number of marked individuals under two 

scenarios: (1) using all data and assuming that all individuals in this population were 

marked (termed LP all marked), and (2) using only individuals with fin nicks, and 

scaling the estimate by the mark rate (termed LP nicked marked). The latter approach 

assumes only long-lasting marks (nicks) are able to be reliably resighted, consistent 

with prior studies (Williams et al. 1993; Schneider 1999). In each case we considered 

the first half of each field season as the “capture” period, and the second half as the 

“recapture” period.  

 

Mark rate was calculated by counting the number of high-quality photos of dolphins 

with nicks and dividing by the total number of high quality dorsal fin photos taken 

(Williams et al. 1993; Gormley et al. 2005). This statistic was calculated twice a year, 

for summer and autumn and then again for winter and spring. We took this approach as 

the dolphins breed in summer and autumn (Haase & Schneider 2001) and marks 

accumulate with age (Würsig & Jefferson 1990), hence the birth of calves will increase 

the number of unmarked individuals for the summer and autumn period. To estimate 

error, we calculated log-normal confidence intervals for the capture-recapture 

abundance estimates (Buckland et al. 1993). 
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Results 

Population Demographics 

In total, we observed 71 individuals over the 9 seasons of observation. These 

individuals consisted of 54 adults, sub-adults and calves (>1 year old) first observed in 

summer 2004/2005, and 17 calves born over the period of the study. All 54 adults, sub-

adults and calves (>1 year old) were photo-identified within the first eight days of 

fieldwork. The only identified additions to the population resulted from pulses of births 

(Figure 1). Nine of the 17 newborn calves have been resighted routinely. One was seen 

only once, despite its (presumed) mother being seen many times since, suggesting that 

this calf has died. The remaining seven were observed dead (these were either stillborn 

or died shortly after birth). Births were seasonal with eight calves born (three 

survivors) in summer 2004/2005 and autumn 2005, six calves born (four survivors) in 

summer 2005/2006 and autumn 2006, and three calves born (two survivors) in summer 

2006/2007. Annual calf survival rate was 0.569 (CV=30%) across the three seasons of 

births. 

 

Population composition was consistent, with 44 of the 54 initially sighted individuals 

observed during all nine seasons of fieldwork, and six of the remaining ten observed in 

eight of the nine seasons. One mature male was recovered dead in autumn 2005. The 

remaining three adults were observed on five or fewer of the nine seasons and have not 

been observed for at least 12 months (either within or outside Doubtful Sound). They 

are presumed to have died or left the fiord. Most individuals were observed on more 

than 65 days (or more than 50% of days on which photo-identification was 

conducted). Eleven individuals were observed on fewer than 55 days. Four of the 

infrequently sighted animals were the adults that died or went missing, while seven 

were newborn calves from summer 2005/2006, autumn 2006, and summer 2006/2007 

(Figure 2). The flat discovery curve (Figure 1) and high resighting rates of known 

individuals (Figure 2) indicate that the population was closed between breeding seasons 

over the period of our study. Further, the high resighting rates, both in terms of days 

observed and seasons observed show that the population was largely confined to 

Doubtful Sound for the study period. 
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Figure 1: Discovery curve for individually identified dolphins across the 129 days of 

photo-identification on Doubtful Sound. 

 

 

Figure 2: Sighting frequency of individuals (n=64) observed in 129 days of photo-

identification on Doubtful Sound. 
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Abundance Estimates 

Census data indicate that the population contained 54 individuals in the summer of 

2004/2005 and thereafter increased in autumn 2005 and summer 2005/2006 before 

declining to 56 individuals in summer 2006/2007 (Figure 3). Lincoln-Petersen 

estimates that included all animals as marked closely conformed to the census data 

except for winter 2005, autumn 2006 and spring 2006, when one or two individuals 

were not sighted but were seen in subsequent seasons (Figure 3). The 100% mark rate, 

and identification of all individuals in either the capture or recapture period of that 

season, resulted in a CV of zero for all seasons. The Lincoln-Petersen analyses based on 

nicked animals gave very similar results to the other two approaches, but slightly 

underestimated abundance in the autumn periods (Figure 3). As in the case of the 

Lincoln-Petersen estimate considering all animals as marked, we observed all the 

marked animals in one of the capture or recapture periods of the season, thus the errors 

result from the scaling effect of mark rate. Over-sampling marked mothers when 

attempting to photograph newborn calves may have biased sampling in the autumn 

periods resulting in a slight overestimation of mark rate. However, these discrepancies 

were slight and all three approaches result in very similar estimates of abundance for 

the final season: census (56), LP all marked (56; CV=0%), LP nicked marked (55; 

CV=1.0%). Thus we conclude there were 56 animals (CV=1.0%) in Doubtful Sound.2 

 

Population Trends 

To assess trends in abundance over time, we recalculated our abundance estimates for 

the adult and sub-adult members of the population, enabling direct comparison with 

prior estimates of abundance (Williams et al. 1993; Schneider 1999; Haase 2000). We 

derived adult and sub-adult abundance estimates by selecting the subset of our sightings 

data that excluded calves under three years of age. These sightings were then used to 

derive an adult and sub-adult census (consistent with Haase 2000), and calculate a 

Lincoln-Petersen estimate using nicked animals scaled by a mark rate that excluded 

calves under three years of age (consistent with Williams et al. 1993; Schneider 1999). 

Our results indicate a recent decline in adult and sub-adult abundance for both census 

and capture-recapture derived estimates (Figure 4).

                                                
2 Abundance has been estimated in Doubtful Sound since this paper was published. The most recent 

estimate was also 56 animals (CV=1.3%) 12 months later in February 2008 (Currey & Rowe 2008). 
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Figure 3: Seasonal abundance estimates for bottlenose dolphins in Doubtful Sound, 

calculated using census and Lincoln-Petersen (LP) capture-recapture methods (with 

95% CI). 

 

 

Figure 4: Annual summer abundance estimates for adult and sub-adult bottlenose 

dolphins in Doubtful Sound, calculated using census and Lincoln-Petersen (LP) 

capture-recapture methods (with 95% CI). Data from the present study are compared 

with estimates from Williams et al. (1993), Schneider (1999) and Haase (2000). 
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The number of adults and sub-adults decreased from 69 (95% CI: 68-70) in the summer 

of 1994/1995 (Schneider 1999), to 44 (95% CI: 43-45) in the summer of 2006/2007, 

representing a decline of 34-39% over 12 years (based on 95% CI). Further, our current 

estimate of adult and sub-adult abundance is 18-31% lower (based on 95% CI) than 

calculated by Williams et al. (1993) despite higher levels of field effort in the present 

study. While our abundance estimates are not directly comparable to those of Gormley 

(2002), as his estimates excluded sub-adults, our detection of a decline in adult and 

sub-adult abundance is consistent with his previous finding of a decline among the 

adult members of the population. 

 

Discussion 

We have determined that there are currently 56 bottlenose dolphins resident in 

Doubtful Sound. This updates the prior estimate of Williams et al. (1993), providing a 

current abundance estimate that includes all members of the population (i.e. adults, 

sub-adults and calves). Further, we have detected an apparent 34-39% decline in the 

abundance of adults and sub-adults over the past 12 years. Given the small size of the 

population, this apparent decline is of great concern. While it is possible that the 

population receives occasional immigrants from neighbouring populations, it appears 

that any such immigration is infrequent. In addition, the social structure of the 

population could be affected by the loss of numerous individuals. While the social 

network in Doubtful Sound was found to be robust to the removal of up to 30% of 

individuals (Lusseau & Newman 2004), the decline will eventually result in a loss of 

social cohesion. We conclude that the apparent decline in adult and sub-adult 

abundance, with associated potential effects on genetic diversity and social structure, 

could jeopardise the long-term viability of this population. 

 

Continuation of long-term monitoring of the Doubtful Sound population will be 

essential to assess future trends in dolphin abundance. In this regard, our study provides 

several insights for the design of population monitoring studies. We found that census 

and capture-recapture methods yielded similar abundance estimates over the period of 

our study. In effect, the high mark rate of the population and the high resighting rates 

arising from intense field effort can render capture-recapture approaches redundant. 

However, we recommend that census estimates be compared with capture-recapture 
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estimates whenever possible, as the accuracy of capture-recapture approaches does not 

rely on encountering every animal and the precision of abundance estimates can be 

quantified. When capture-recapture and census abundance estimates converge, 

researchers can be confident of the accuracy of the results. Additionally, when long-

term monitoring of a population is of interest, standardised methods are vital. Future 

monitoring of the Doubtful Sound bottlenose dolphins should adhere to the 

standardised survey route that encompasses the entire fiord (Schneider 1999), estimate 

the size of the entire population (i.e. including sub-adults and calves) in a consistent 

manner (using capture-recapture techniques at a minimum and census techniques 

whenever possible), and entail sufficient field effort so as to detect changes in 

abundance reliably. 

 

It is important to establish whether the apparent decrease in abundance is the result of 

emigration or mortality. To assess the potential for emigration, a six-day survey of the 

Dusky/Breaksea Sound complex was completed in September 2006. The resident Dusky 

Sound bottlenose dolphin population was encountered and photographed extensively, 

but none of the Doubtful Sound dolphins were sighted (see Chapter 6). Repeated 

surveys of Dusky/Breaksea Sound and neighbouring fiords (particularly Nancy and 

Dagg Sounds) are required to establish conclusively that members of the Doubtful 

Sound group have not relocated or joined either of the neighbouring populations. 

 

We found some evidence to suggest that mortality may be a factor in the population 

decline. Bottlenose dolphin calf survival rates in Doubtful Sound have apparently 

declined from 0.800 (Haase & Schneider 2001), similar to estimates from other 

locations (Wells & Scott 1990; Stolen & Barlow 2003; Kogi et al. 2004), to a current 

level (0.569; CV = 30%) that is similar to other bottlenose dolphin populations 

exposed to tourism (Mann et al. 2000; Constantine 2002). We regard estimation of 

adult survival rate and assessment of trends in calf survival as essential for identifying 

potential causal factors in the population decline. Estimation of key demographic 

parameters will also enable assessment of population viability to guide future research 

and conservation management, as has been applied in the case of Hector’s dolphins 

(Martien et al. 1999; Slooten et al. 2000) and whale sharks (Bradshaw et al. 2007). 
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Management Implications 

While causal factors in the decline in dolphin abundance require further study, it is 

clear that through either mortality or emigration, fewer dolphins currently inhabit 

Doubtful Sound than in the recent past. Hence, management intervention is required. 

Tourism in Fiordland is increasing (Lusseau & Higham 2004). Tour boats have been 

demonstrated to cause impacts on the behaviour of the Doubtful Sound dolphins 

(Lusseau 2006). However, behavioural change may only partially reflect the true extent 

of the impacts. In Monkey Mia, increased exposure to tourism has resulted in a decline 

in relative abundance of bottlenose dolphins (Bejder et al. 2006). Concerns that a 

similar decline may take place in Doubtful Sound led to the proposal that a marine 

mammal sanctuary be established to restrict boat activity in areas where the dolphins 

were found to be susceptible to disturbance (Lusseau & Higham 2004; Appendix A). 

 

Doubtful Sound is subject to additional anthropogenic effects, with substantial 

freshwater input from the Manapouri hydro-electric power station resulting in 

significant ecological changes (Boyle et al. 2001; Tallis et al. 2004; Rutger & Wing 

2006) that may have an indirect effect on the dolphins. Stable isotope studies of 

minute skin samples taken with vecro pads show that bottlenose dolphins in Doubtful 

Sound rely on local productivity (Lusseau & Wing 2006). Females in particular appear 

to be resource limited (Lusseau 2003b). Hence individuals may be vulnerable to 

localised environmental changes that affect their energy budget (from increased 

foraging effort or increased thermal stress). 

 

Fishing is a third human activity with potential effects on the local dolphin population. 

Bycatch is unlikely to be a problem, as there are no gillnet or trawl fisheries inside 

Doubtful Sound. However, past and current fishing has led to declines in Fiordland fish 

stocks (e.g. Beentjes & Carbines 2005). In the context of an apparently declining 

population, all of the above factors suggest that a precautionary management approach 

is warranted. 
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Chapter 4 

Survival rates for a declining population of bottlenose dolphins 

in Doubtful Sound, New Zealand: an information theoretic 

approach to assessing the role of human impacts1 

 

The bottlenose dolphins of Doubtful Sound, New Zealand, are a declining population 

at the southern limit of the species’ range, exposed to impacts from tourism and habitat 

modification. Patterns in apparent annual survival were analysed from photographic 

resightings of naturally marked adults (1990 to 2008) and calves within the first year of 

life (1994 to 2008) using capture-recapture models. The most parsimonious model for 

adults provided a time-invariant, sex-invariant estimate of survival (!a(1990–2008) = 

0.9374; 95% CI: 0.9170-0.9530), marginally lower than prior estimates for wild 

bottlenose dolphins. The most parsimonious model for calves indicated a significant 

time-variant decline in survival from an estimate similar to other populations (!c(1994–

2001) = 0.8621; 95% CI: 0.6851-0.9473) to a current estimate that is, to our knowledge, 

the lowest recorded for free-ranging bottlenose dolphins (!c(2002–2008) = 0.3750; 95% CI: 

0.2080-0.5782). Information theoretic evidence ratios suggested that observed patterns 

in calf survival were 22 times more likely to be explained by a decline coincident with 

the opening of a second tailrace tunnel for a hydroelectric power station than by a 

decline in any other year or across multiple years. Projections using an age-structured 

stochastic population model indicated that the current level of calf survival was 

unsustainable (population decline: 100% of model runs; population extinction: 41.5% 

of model runs) and was a key factor in the observed population decline in Doubtful 

Sound. 

                                                
1 Currey, R. J. C., Dawson, S. M., Slooten E., Schneider, K., Lusseau, D., Boisseau, O. J., Haase, P. & 

Williams, J. 2008. Survival rates for a declining population of bottlenose dolphins in Doubtful Sound, 

New Zealand: an information theoretic approach to assessing the role of human impacts. Aquatic 

Conservation: Marine and Freshwater Ecosystems DOI: 10.1002/aqc.1015. 
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Introduction 

Coastal cetaceans are subject to numerous direct threats including hunting, bycatch, 

ship strikes, culls and live capture (Reeves et al. 2003). While the magnitude and 

management of such threats may be the subject of debate amongst stakeholders, there 

is clear evidence that these cause serious impacts to cetacean populations on local and 

global scales (e.g. Dawson 1991; Fertl & Leatherwood 1997; Read et al. 2006). In 

addition, indirect threats including disturbance (e.g. vessel activity, tourism, noise) and 

habitat modification (e.g. degradation, pollution, climate change) are of increasing 

concern in coastal populations (Reeves et al. 2003). 

 

Detecting declines in cetacean populations is often difficult, as constraints on the 

precision of monitoring can result in limited power to detect trends (Taylor & 

Gerrodette 1993; Taylor et al. 2007b). Further, there is inherent difficulty in 

demonstrating a link between indirect threats and changes in population status 

(Pascual & Adkison 1994). This can lead to uncertainty, which is often cited as a 

justification for management inaction (Slooten et al. 2000). In addition, when multiple 

threats are present, interested parties usually attempt to apportion blame to threats 

other than their own (Yaffee 1997). Ideally, a precautionary approach, managing all 

potential threats would be taken, but this is rarely implemented (see Mangel et al. 

1996; Bearzi 2007). 

 

An empirical approach that identifies the demographic cause of a change in population 

status can, in some cases, provide an alternative strategy. Applying information theory 

(Akaike 1973), it is possible to construct models that correspond to specific hypotheses 

concerning impacts on key demographic parameters and quantify the evidence for each 

hypothesis (Anderson 2008). Thus it is possible to compare the evidence for specific 

impacts on demographic parameters that underpin the population decline. 

Management measures could then be designed to target the demographic cause of 

decline by focusing on the most likely sources of impact. Further, by monitoring these 

key demographic parameters, management measures can be assessed and adapted to 

facilitate population recovery. 
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The ecology of bottlenose dolphins (Tursiops spp.) has been the subject of detailed 

study for several decades (Susan & Randall 1986; Leatherwood & Reeves 1990; Wells 

& Scott 1999). Despite this, estimates of key demographic parameters, such as survival 

rate, have only been published from a few locations, principally in the USA. In 

Sarasota Bay, Florida, annual survival rates of free-living adults and calves in the first 

year of life have been estimated from resightings of identified individuals (adults: 0.962; 

calves: 0.811; Wells & Scott 1990). Life tables derived from strandings in Florida’s 

Indian/Banana River area, yielded overall annual survival estimates (0.920, Hersh et al. 

1990; 0.902, Stolen & Barlow 2003). These estimates may be biased low by the nature 

of the sample. Survival rates have been calculated for bottlenose dolphins in captivity, 

with annual estimates lower than observed in the wild (adults: 0.944; calves: 0.666; 

Small & DeMaster 1995). 

 

Outside the USA, survival estimates have been made for Indo-Pacific bottlenose 

dolphin calves in the first year of life around Mikura Island, Japan (0.866, Kogi et al. 

2004), while Mann et al. (2000) found differences in annual survival for calves in the 

first year of life in Monkey Mia, Australia based on exposure to human provisioning 

(provisioned: 0.44; not provisioned: 0.76). Most prior studies have been conducted in 

the subtropics. Comparative demographic studies in cool temperate locations are of 

intrinsic ecological interest. A recent Bayesian analysis of adult survival in Moray 

Firth, Scotland, the northern extreme of the species range, yielded annual survival rate 

estimates that varied across years (between 0.89 and 0.97) with a mean that was lower 

than observed in Sarasota Bay (0.92, Corkrey et al. in press). 

 

The bottlenose dolphins of Doubtful Sound (Tursiops truncatus) comprise one of three 

populations found along the Fiordland coastline that collectively represent the 

southernmost resident groups of the species (Bräger & Schneider 1998). Residing at the 

species’ ecological limit, they show seasonal movements, seasonal calving, increased 

body mass and close associations (Schneider 1999; Haase & Schneider 2001; Lusseau et 

al. 2003). Apparent survival for calves in the first year of life between 1994 and 1999 

was similar to estimates from other locations (0.800, Haase & Schneider 2001). Since 

then, the population has declined by 34-39% over 12 years, with a current abundance 

of 56 individuals (CV = 1.0%) in 2007 (Chapter 3). 
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The cause of this population decline is presently unknown. Increased energetic costs 

from disturbance associated with tour boat interactions (Lusseau 2003b; 2003c; 2004; 

2006; Appendix A), injuries and mortalities from shipstrikes (Lusseau et al. 2002), and 

the ecological consequences of freshwater input from the Manapouri hydroelectric 

power station tailrace (Boyle et al. 2001; Tallis et al. 2004; Rutger & Wing 2006) are 

all potentially important factors. Tourism has steadily increased in Doubtful Sound in 

recent years (Lusseau 2005a), while the hydroelectric power station opened a second 

tailrace tunnel in 2002, increasing freshwater discharge into the fiord (Mabin 2008). 

Assessing the role of these potential impacts is crucial for the management of the 

dolphin population. 

 

In this study a capture-recapture photo-identification dataset was used to estimate 

apparent survival rates of bottlenose dolphins resident in Doubtful Sound between 

1990 and 2008. The survival of adults and calves (within the first year of life) were 

estimated separately and variation over time (for adults and calves) and variation 

between sexes (for adults) were both considered. Temporal models reflected four 

hypotheses concerning the potential sources of the observed population decline: (1) 

survival has remained constant and unsustainable, (2) survival has varied from year to 

year in a unsustainable manner, (3) survival declined to an unsustainable level in 2002, 

coincident with the opening of the second tailrace tunnel, and (4) survival declined in 

an unsustainable manner in any year or across multiple years (excluding 2002) 

consistent with ongoing tourism impacts. 

 

The sustainability of the most parsimonious survival estimates was assessed using age-

structured Leslie matrix population models (adapted from Slooten et al. 2000) that 

considered parameter uncertainty as well as demographic and environmental 

stochasticity. The aims were to identify the key demographic factors in the recently 

identified population decline, quantify evidence of human impacts on these 

demographic parameters and assess their effects on population viability. This provides a 

focus for future management action and for assessing the efficacy of management 

measures through long-term monitoring. 
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Methods 

Study Site 

The study was conducted in Doubtful Sound (45o 28’S, 167o 09’E), Fiordland on the 

south-west coast of New Zealand’s South Island. Bottlenose dolphins reside within the 

fiord year round (Williams et al. 1993; Lusseau 2005a; Chapter 3). Since 1990, this 

population has been the subject of long-term non-invasive research: documenting 

abundance (Williams et al. 1993; Chapter 3), distribution (Williams et al. 1993; 

Schneider 1999), morphology (Chong & Schneider 2001), birth demographics (Haase 

& Schneider 2001), acoustic repertoire (Boisseau 2005), diet (Lusseau & Wing 2006), 

social structure (Lusseau 2003d; Lusseau et al. 2003; Lusseau 2007), and tourism 

impacts (Lusseau 2003b; 2003c; 2004; 2006; Appendix A). 

 

Data Collection 

Sightings of individually identifiable dolphins were made from 1990 to 2008 using 

dorsal fin photo-identification techniques (see Williams et al. 1993 for details). These 

techniques are well established for cetaceans in general and bottlenose dolphins in 

particular (Würsig & Würsig 1977; Würsig & Jefferson 1990). Photographs were taken 

with Nikon 35mm film and digital SLR cameras equipped with fixed and zoom 

telephoto lenses, or captured from video footage taken with digital video (miniDV) 

cameras. All dolphins in Doubtful Sound are naturally marked, via dorsal fin nicks 

and/or toothrakes (Williams et al. 1993; Chapter 3). A recent study has demonstrated 

that over short time scales it is possible to obtain a photographic census that matches 

capture-recapture estimates of abundance by including individuals with nicks and 

toothrakes. While toothrakes fade over time, dorsal fin nicks persist across years, with 

some individuals remaining identifiable by the same markings throughout the 18-year 

study period. To avoid bias arising from potential misidentification of individuals with 

temporary marks, only individuals with dorsal fin nicks were included in the resighting 

dataset for the estimation of adult survival rate. Dorsal fin nicks accumulate with age 

(Würsig & Jefferson 1990) and have been observed in Doubtful Sound individuals from 

the age of 3 years onwards meaning this dataset excludes individuals under 3 years of 

age. Further, to prevent underestimation of annual mortality arising from unequal 

periods between samples, only years in which summer field surveys were conducted 

were included. Dolphin gender was determined whenever possible via observation of 
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genital slits or mammary glands (for lactating females) using a pole-mounted 

underwater video camera, opportunistic photography of jumping dolphins or direct 

observation of bowriding dolphins. If a dolphin’s gender was observed but not 

photographed or filmed, then at least two prolonged observations (i.e. while bowriding 

for an extended period) were required for confirmation. 

 

Sightings of calves during the first year of life were made from 1994 to 2008. Births are 

highly seasonal in Doubtful Sound, occurring almost exclusively in the Austral summer 

(Haase & Schneider 2001). Newborn calves were identified by the presence of foetal 

fold lines, which last for ca. 8 months on calves in Doubtful Sound (Haase & 

Schneider 2001). All calves were observed within a month of their birth. That a 

certain adult was a particular calf’s mother was inferred based on close and constant 

association with the calf for the period of the first encounter, and during all subsequent 

observations for the next 12 months, in addition to opportunistic observation of 

suckling behaviour in some cases. Death of calves was recorded from the direct 

observation of dead calves or inferred from the abrupt disappearance of the calf (but 

not its mother) within the first 12 months of its life (by the following summer). This 

inference is reasonable since bottlenose dolphin calves are nutritionally dependent on 

their mothers for 1-2 years and remain closely associated with their mothers for 3-6 

years (Wells & Scott 1999). 

 

Capture-recapture Analysis 

Cormack-Jolly-Seber (CJS) capture-recapture models (Cormack 1964; Jolly 1965; 

Seber 1965) were implemented in Program Mark (White & Burnham 1999) to model 

apparent survival (!) and recapture (resighting) probability (p) for naturally marked 

bottlenose dolphin adults and calves sighted in Doubtful Sound. Apparent annual adult 

survival (!a) was defined as the probability of an adult dolphin surviving from one year 

(t), to the next (t+1) and remaining in the study location, given it was alive in the first 

year (t). Further, we defined apparent first-year calf survival (!c) as the probability of a 

dolphin calf surviving to age one (t+1), given its mother gave birth (t) and the mother 

was sighted 12 months later (t+1). Hence the estimate of !c accounted for possible 

stillbirths, which have been documented in this population previously (Haase & 

Schneider 2001). 



Chapter 4: Human impacts on survival in a declining bottlenose dolphin population 46 

 

 

Mortality and permanent emigration are confounded in capture-recapture estimates of 

!; hence some knowledge of population closure with respect to immigration and 

emigration is required. The bottlenose dolphin population in Doubtful Sound is 

resident year round (Williams et al. 1993; Chapter 3). Further, dedicated surveys of 

neighbouring fiords (Dusky and Breaksea Sounds) have failed to encounter any 

bottlenose dolphins missing from Doubtful Sound, despite frequently encountering 

members of the resident Dusky Sound bottlenose dolphin group (Chapter 6). While 

further surveys of neighbouring fiords would be helpful, immigration and/or emigration 

appear to be exceptionally rare (Williams et al. 1993; Chapter 3). This suggests that 

the loss of individuals from Doubtful Sound reflects mortality and not emigration. 

Hence capture-recapture provides a reasonable approach for estimation of survival rate. 

 

While it was possible to estimate !a from CJS capture-recapture models directly, 

estimation of !c required a modified CJS capture-recapture approach, given that there 

were only two sighting periods (i.e. shortly after birth and 12 months later). To 

account for this, capture histories were modified to include imputed values beyond the 

period of interest for estimation of !c (i.e. t+1 to t+n), as required by Program Mark. 

The imputed values were conditional on the actual capture history so that animals that 

survived from t to t+1 were modelled to survive until t+n, while animals that went 

missing from t to t+1 were deemed to have died. To prevent these imputed values 

influencing the estimate of !c, the value of ! and p were fixed to 1 for the period t+1 to 

t+n. While the value of pc was not fixed for the period t to t+1, this approach resulted 

in pc"1, but this is justified as the intensive field effort resulted in pa"1 and the 

estimates of !c were conditional on resighting of adults (mothers). This method was 

chosen rather than a direct calculation of !c for each year as it enabled comparable 

model selection approaches for estimation for !a and !c and permitted direct estimation 

of parameter variance. 
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Capture-recapture Models 

Models were constructed to assess whether there was evidence for time-based variation 

in ! over the course of the study (for both !a and !c) or evidence of gender-based 

variation in ! (!a only). Capture-recapture models were employed corresponding to our 

four hypotheses concerning the demographic source of the population decline: (1) a 

single estimate of ! spanning the study period (!(.)), (2) yearly estimates of ! across 

the study period (!(tYear)), (3) two estimates of ! corresponding to the periods before 

and after 2002 (!(tPeriod)), and (4) monotonic decreases in ! using a cumulative logit 

link function to reflect a decrease in ! in any year or across multiple years with the 

exception of 2002 (!(tCLogit)). For each of these models, p was considered as either 

constant across years (p(.)), or variable across years (p(tYear)). The parameters were 

estimated using this approach and the sustainability of parameter estimates was assessed 

with stochastic matrix models separately (see below). 

 

Model goodness-of-fit was assessed using the bootstrap simulation procedures provided 

in Program Mark (White & Burnham 1999). Candidate models were compared using 

an information-theoretical assessment of model parsimony, Akaike's information 

criterion corrected for small sample size (AICc), with the best model being that with 

the lowest AICc score and therefore the highest AICc weight (Akaike 1973; Burnham 

& Anderson 2002). To assess the likelihood of specific hypotheses, evidence ratios 

were calculated based on the relative likelihood of specific models using AICc weights 

(Anderson 2008). Further, model-averaged estimates of ! were produced to reflect the 

AICc weight of the candidate models (Burnham & Anderson 2002). In addition, the 

proportion of variance in estimated parameters that was attributable to variation across 

years was calculated using variance component analysis in Program Mark (White & 

Burnham 1999). 

 

Stochastic Matrix Modelling 

To examine the effect of the estimated survival probabilities on the population, a 

number of stochastic age-structured Leslie matrix population models were constructed 

in Excel using all available species-specific information. The modelling approach 

followed that of Slooten et al. (2000), enabling the inclusion of parameter uncertainty 

as well as demographic and environmental stochastic effects. One key difference in the 
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current approach was to project the population for 50 years, a reasonable 

approximation of the lifespan for bottlenose dolphins (Wells & Scott 1999). The input 

parameters were initial female abundance, maximum age (50 years), age at first 

reproduction (AFR), reproductive rate for mature females (RR), survival rate for calves 

(in the first year of life: !c), survival rate for sub-adults (in the second and third years of 

life: !sa1 and !sa2), and survival rate for adults (from the fourth year of life on: !a). Since 

!c includes stillbirth events, reproductive rate encompassed all birth events, including 

stillbirths. Reproductive and survival parameters differed for each year and each (50-

year) run of the model. The following steps were taken to run the model (adapted from 

Slooten et al. 2000): 

 

(1) Parameter selection for one 50-year run of the model: Means for !a, !sa1, !sa2, !c and 

RR were selected from distributions that represented parameter uncertainty. Standard 

deviations were selected to represent year-to-year variation in !a, !sa1, !sa2, !c and RR 

from distributions that represented variation uncertainty. A mean and standard 

deviation for AFR among individual females were selected from distributions that 

represented parameter uncertainty and assumed this distribution to be the same for 

each year of the run (distributions used in this step described below). 

 

(2) Parameter selection for each of the 50 years: For each of the input parameters 

except AFR (see below), a second set of distributions were created from the means and 

standard deviations chosen in step 1. Parameters were then selected separately from 

beta distributions for each year to model environmental stochasticity. 

 

(3) Incorporation of demographic stochasticity: To incorporate demographic 

stochasticity, a random number was drawn for each individual from the binomial 

distribution. If the random number exceeded the age-specific ! of that year, the 

individual died; otherwise the individual lived. Similarly, the number of newborns in 

each year was a random variable from a binomial distribution involving the RR and the 

number of breeding females. 

 

Steps 1-3 were repeated for 5000 runs. 

 



Chapter 4: Human impacts on survival in a declining bottlenose dolphin population 49 

 

Matrix Model Parameters 

Estimates of !a and !c were derived using capture-recapture methods described above. 

Variance in !a and !c was apportioned into parameter uncertainty and year-to-year 

variation using the variance component analysis described above. Parameters !sa1 and 

!sa2 (and their associated variances) were estimated by enforcing a linear relationship 

between the estimates and variances of !a and !c to reflect the fact that survival rates of 

sub-adults are typically lower than adults (Wells & Scott 1999). Mean values for !a, 

!sa1, !sa2 and !c were selected from truncated normal distributions with a mean equal to 

the estimate of ! and a standard deviation of equal to the parameter uncertainty 

(Slooten et al. 2000). Standard deviations for !a, !sa1, !sa2 and !c were selected from 

triangular distributions centred on estimates of year-to-year variation and bounded by 

the asymmetric profile likelihood 95% confidence intervals of year-to-year variation 

(Slooten et al. 2000). The number of female offspring born per mature female per year, 

RR, was estimated based on calving interval. Individually identifiable bottlenose 

dolphins in Doubtful Sound give birth every 2-5 years (Haase & Schneider 2001). 

Assuming an equal sex ratio, females would give birth to a female calf once every 4-10 

years. Mean RR was randomly selected from a uniform distribution from 10% to 25% to 

express uncertainty. Standard deviation between years for RR was randomly selected 

from a triangular distribution between 1% and 6% and peaking at 4%, to represent 

variation observed in Doubtful Sound and elsewhere (Wells & Scott 1990; Haase & 

Schneider 2001). 

 

An estimate of 10 years for AFR with parameter uncertainty of 1 year was chosen, 

based on available data for bottlenose dolphins (Wells & Scott 1999). These parameter 

estimates were used to generate a normal distribution with a mean of 10 and a standard 

deviation of 1 from which a mean AFR was selected for each model run. Standard 

deviation of AFR was selected from a triangular distribution centred on 1, with a lower 

bound of 0.5 and an upper bound of 2 to reflect variation in available data (Wells & 

Scott 1999). Initial female abundance was set to 28 animals, representing the 

approximate number of females in the population, given the current total abundance of 

56 animals (CV = 1.0%; Chapter 3) and assuming an equal sex ratio. Currently, the sex 

ratio for the population is close to equal among individuals older than four years (Rowe 

& Dawson in press-b), and a similar finding has been made in the neighbouring Dusky 
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Sound population (Chapter 6), suggesting that this assumption is valid for Fiordland 

bottlenose dolphins. The initial age distribution for each run was selected from the 

stable age distribution as calculated from the deterministic version of the Leslie matrix 

model, with input parameters equal to the means chosen for that run and a maximum 

age of 50 years (Burgman et al. 1993; Wells & Scott 1999; Slooten et al. 2000). 

 

Matrix Model Scenarios 

Four different population model scenarios were assessed: involving variation in !c (and 

consequently !sa1 and !sa2) in addition to parameter correlation. Two different sets of 

estimates for !c, !sa1 and !sa2 were considered (Table 1) while all other parameters 

remained constant and the values for the RR, !a, !sa1, !sa2 and !c were selected 

independently (Scenarios 1 and 2). However, there is some evidence that calving 

interval is decreased when calves do not survive (Haase & Schneider 2001); an 

important factor that should be considered in cetacean population viability analyses 

(Thompson et al. 2000). In order to assess the effect of this correlation, the model 

scenarios considered the extreme case in which there is perfect negative correlation 

between !c, !sa1 and !sa2 of one year and RR of the following year by using the random 

number (x) to generate the values of !c, !sa1 and !sa2 in year (y) and the random 

number (1-x) to generate the values of RR in year (y+1). This was considered for both 

sets of estimates for !c, !sa1 and !sa2 resulting in two further models (Scenarios 3 and 4). 

To assess the effect of the model scenarios on the population, the proportion of the 

5000 model runs was determined in which the population after 50 years had: increased 

above present levels (quasi-recovered), reduced below present levels (declined), 

reduced to below half of present levels (halved), reduced to below one quarter of 

present levels (quasi-extinct) or reduced to zero (extinct). 
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Table 1: Estimates of apparent annual survival for adults (!a), sub-adults (!sa) and 

calves (!c) used in stochastic age-structured Leslie matrix population models.  

Parameter Scenarios Estimate Uncertainty Year-to-year 
variation 

Year-to-year 
variation 95%CI 

!a(1990–2008) All 0.9374 0.0058 0.0027 0.0010-0.0093 

!c(2002–2008) 1,3 0.3750 0.0741 0.0739 0.0330-0.2362 

!sa1(2002–2008) 1,3 0.5625 0.0513 0.0501 0.0223-0.1606 

!sa2(2002–2008) 1,3 0.7499 0.0285 0.0264 0.0117-0.0849 

!c(1994–2001) 2,4 0.8621 0.0177 0.0244 0.0010-0.1280 

!sa1(1994–2001) 2,4 0.8872 0.0137 0.0171 0.0010-0.0885 

!sa2(1994–2001) 2,4 0.9123 0.0097 0.0099 0.0010-0.0489 

Estimates of !a and !c were derived using Cormack-Jolly-Seber capture-recapture models while !sa was 

estimated using linear models dependant on !a and !c. Details shown include the parameter estimates, 

parameter uncertainty, estimates of year-to-year variation and 95% confidence intervals for year-to-year 

variation. Model scenarios are described in the text. 

 

Results 

Adult Survival Probabilities 

Capture-recapture analysis was conducted using annual resighting data from 807 days of 

photo-identification field effort, spanning 1990 to 2008. Sightings were analysed for 

the 79 adult bottlenose dolphins with dorsal fin nicks observed over the period to 

determine apparent annual adult survival (!a) and capture probability (pa). Bootstrap 

goodness of fit (GOF) established that the parameter-saturated model (time-variant !a 

and pa) fitted the data (probability of observing the model deviance as large as the 

estimated deviance for this model (Table 2) = 0.311 based on 1000 iterations), hence 

avoiding the need for adjustment to the AICc scores for over-dispersion (White & 

Burnham 1999). The most parsimonious model had time-invariant !a and pa (Table 2) 

and was more than 2.5 times as likely as the next best model (information-theoretic 

evidence ratio). There was no support for yearly variation in !a or pa based on AICc 

weight. This minimal variation in !a across years was reflected in variance component 

analysis, with 32% of total variance attributed to variation between years. 
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Table 2: Model ranking of Cormack-Jolly-Seber capture-recapture models estimating 

apparent annual survival (!a) and recapture probability (pa) for adult bottlenose 

dolphins observed in Doubtful Sound from 1990 to 2008.  

Model AICc #AICc AICcwt Parameters Deviance 

!a(.) pa(.) 332.03 0.00 0.57061 2 67.161 

!a(tPeriod) pa(.) 333.98 1.95 0.21541 3 67.090 

!a(tCLogit) pa(.) 334.00 1.96 0.21381 3 67.105 

!a(tYear) pa(.) 349.04 17.01 0.00012 15 57.391 

!a(.) pa(tYear) 351.76 19.72 0.00003 15 60.107 

!a(tPeriod) pa(tYear) 353.80 21.76 0.00001 16 60.040 

!a(tCLogit) pa(tYear) 353.81 21.78 0.00001 16 60.057 

!a(tYear) pa(tYear) 367.73 35.70 0.00000 27 50.316 

Shown are the Akaike’s information criteria (AICc), the delta AICc (#AICc), the AICc weight 

(AICcwt), the number of parameters and the deviance for each model. A ‘(.)’ denotes an invariant 

parameter, and ‘(t)’ denotes a time-variant parameter with parameter estimates for each year ‘(tYear)’, for 

two periods before and after 2002 ‘(tPeriod)’, or using a cumulative logit link function ‘(tCLogit)’. 

 

 

The preferred model (!a(.) pa(.)) gave an apparent annual adult survival of 0.9374 

(95% CI: 0.9170-0.9530) and capture probability of 0.9961 (95% CI: 0.9844-0.9991). 

While there was some evidence for models with either periodic variation or monotonic 

decreases in !a (with nearly equal evidence for both of these models), the model 

averaged estimates of !a showed only minimal variation (range for 1990 to 2008: 

0.9369-0.9390), and fell well within the 95% confidence intervals of the estimate of !a 

for the most parsimonious model. This is interpreted to mean that the precision of the 

estimate of !a from the most parsimonious model encapsulates the underlying variation 

in !a and hence our chosen estimate of !a is appropriate for inclusion in stochastic 

matrix models. 
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Gender Differences in Survival 

There were 56 individuals of known sex (30 males, 26 females) among the 79 naturally 

marked adult bottlenose dolphins. Bootstrap GOF established that the parameter-

saturated model with a gender effect fitted the data (probability of observing the model 

deviance as large = 0.313 based on 1000 iterations), however the most parsimonious 

model had time-invariant !a and pa with no effect of gender (!a(.) pa(.) model with 

AICc weight = 70.85%), and was approximately 2.5 times more likely than the model 

with a gender effect on survival (!a(sex) pa(.) model with AICc weight = 28.73%). For 

this model, the ranges of apparent annual adult survival for each sex showed 

considerable overlap (95% CI: 0.9107-0.9662 for males and 0.9190-0.9739 for females). 

Further, there is a risk of positive bias on gender-based survival rate estimates for 

opportunistically sexed animals, as individuals observed for brief periods are less likely 

to be sexed. This was found to be the case as the estimate of !a considering only sexed 

individuals was higher (!a = 0.9489; 95% CI: 0.9263-0.9648) than the estimate derived 

when all animals were included (!a = 0.9374; 95% CI: 0.9170-0.9530). Thus, a single 

estimate of time-invariant apparent annual survival that includes all adults is preferred. 

 

Calf Survival Probabilities 

Capture-recapture analysis was conducted using annual resighting data spanning 1994 

to 2008 for 52 bottlenose dolphin calves to determine apparent first-year calf survival 

(!c) and capture probability (pc). Bootstrap GOF was not deemed necessary as the 

parameter-saturated model (time-variant yearly !c and pc) showed no deviance, 

indicating the model fitted the data, hence avoiding the need for adjustment to the 

AICc scores for over-dispersion. Calf survival models with time-variant !c and time-

invariant p (Table 3) were strongly supported (cumulative AICc weight = 99.81%). 

The most parsimonious model reflected two periods of differing !c (!c(tPeriod) pc(.)). This 

model was six times more likely than yearly variation in !c (!c(tYear) pc(.)), 22 times 

more likely than a monotonic decrease in !c (!c(tCLogit) pc(.)), and 423 times more 

likely than !c remaining constant over the study period (!c(.) pc(.)) when compared 

using information-theoretic evidence ratios. 
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Table 3: Model ranking of Cormack-Jolly-Seber capture-recapture models estimating 

apparent annual survival (!c) and recapture probability (pc) for bottlenose dolphin 

calves observed in Doubtful Sound from 1994 to 2008.  

Model AICc #AICc AICcwt Parameters Deviance 

!c(tPeriod) pc(.) 61.12 0.00 0.81623 3 17.934 

!c(tYear) pc(.) 64.57 3.45 0.14528 13 0.000 

!c(tCLogit) pc(.) 67.33 6.21 0.03655 5 20.003 

!c(.) pc(.) 73.22 12.10 0.00193 2 32.080 

!c(tPeriod) pc(tYear) 84.74 23.62 0.00001 14 17.934 

!c(tYear) pc(tYear) 90.20 29.08 0.00000 24 0.000 

!c(tCLogit) pc(tYear) 91.33 30.21 0.00000 16 20.003 

!c(.) pc(tYear) 96.29 35.17 0.00000 13 31.717 

Shown are the Akaike’s information criteria (AICc), the delta AICc (#AICc), the AICc weight 

(AICcwt), the number of parameters and the deviance for each model. A ‘(.)’ denotes an invariant 

parameter, and ‘(t)’ denotes a time-variant parameter with parameter estimates for each year ‘(tYear)’, for 

two periods before and after 2002 ‘(tPeriod)’, or using a cumulative logit link function ‘(tCLogit)’. 

 

The preferred model (!c(tPeriod) pc(.)) indicated a significant decline in apparent annual 

calf survival from 0.8621 (95% CI: 0.6851-0.9473) for the period 1994-2001, to 0.3750 

(95% CI: 0.2080-0.5782) for the period 2002-2008 (significance based on non-

overlapping confidence intervals). Variance components analysis identified yearly 

variation in !c within each time period, with 58% and 50% of total variance for periods 

1994 to 2001 and 2002 to 2008 respectively attributed to variation between years. 

Model-averaged annual estimates of !c (Figure 1) account for this yearly variation, but 

still reflect the differences in survival between the two time periods (range for 1994 to 

2001: 0.7958-0.8867; range for 2002 to 2008: 0.3236-0.4208) with estimates of !c all 

falling within the 95% confidence intervals of the most parsimonious model. This 

suggests that the most parsimonious model accurately reflects the underlying trends in 

!c and hence is appropriate for inclusion in stochastic matrix models. 
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Figure 1: Model-averaged estimates of apparent annual survival (!c) in the first year of 

life for bottlenose dolphin calves observed in Doubtful Sound from 1994 to 2008. 

Estimates were derived using Cormack-Jolly-Seber capture-recapture models (Table 3). 

Error bars are unconditional standard errors that account for both parameter and model 

uncertainty. There were no observations made in 1998 and 2004. 

 

Calf Survival and Population Decline 

Variation in !c over time may be a factor in the recent observed population decline in 

Doubtful Sound. Capture-recapture estimates of dolphin abundance document a 

decline in the abundance of adults and sub-adults (>3 years of age) from 69 (95% CI: 

68-70) in summer 1994/1995 (Schneider 1999) to 44 (95% CI: 43-45) in summer 

2006/2007 (Chapter 3), representing the loss of between 23 and 27 individuals (based 

on differences in 95% CI from above). Over the same period, !c has also declined: 25 

of 29 calves survived their first year between 1994 and 2001, while 9 of 24 calves 

survived their first year between 2002 and 2008 (Fisher's exact test: p < 0.001). 

Throughout this time, the number of calves born has remained relatively constant, 

with 26 births observed in the first 7 years and 27 births in the second 7 years of the 

total 14 years of observation. If !c for the period 2002 to 2008 had remained the same 

as observed between 1994 and 2001, then it would have been expected to observe 
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between 16 and 23 calves surviving their first year (based on 95% CI for estimates of 

!c(1994–2001) from model !c(tPeriod) pc(.)). These estimates suggest between 7 and 14 fewer 

calves survived than expected over a period in which the population declined by 23 to 

27 individuals, thereby accounting for 26-61% of the observed population decline. 

 

Stochastic Matrix Modelling 

In 100% of model runs the population was predicted to decline and in 95.6% the 

population size was predicted to fall below one quarter of its current level (Figure 2), 

when current levels of !c (i.e. !c(2002–2008)) were maintained over the 50 years of the 

model (Scenario 1). By comparison, if !c was to return to the levels observed prior to 

2002 (Scenario 2), then the population was predicted to decline in 48.5% of runs and 

predicted to improve in 49.7% of runs (Table 4). This stark difference in population 

outcomes was reflected in the risk of extinction, which was 122 times greater for 

current levels of !c than for !c prior to 2002. It is also noteworthy that the outcomes for 

the population did not change for either of the scenarios when parameter correlation 

was considered (Scenarios 3 and 4). These findings suggest that the recent reduction in 

!c was a key factor in the observed population decline and has substantially increased 

the risk of further decline, even when parameter uncertainty is considered. 

 

Table 4: Population trajectory under two different levels of calf survival: !c(2002–2008) and 

!c(1994–2001) (see Table 1 for survival parameters) with independently selected parameters 

(Scenarios 1 and 2) and reproductive rate negatively correlated with calf survival of the 

previous year (Scenarios 3 and 4). 

Scenario Extinct Q-Extinct Halved Declined Improved 

Scenario 1: !c(2002–2008) 41.5 95.6 99.7 100 0 

Scenario 2: !c(1994–2001) 0.3 8.5 23.0 48.5 49.7 

Scenario 3: !c(2002–2008) 41.0 95.3 99.7 100 0 

Scenario 4: !c(1994–2001) 0.4 8.4 22.2 47.7 50.8 

Results shown are percentages of model runs that resulted in extinction (Extinct), reduction to below 

one quarter of present levels (Q-Extinct), reduction to below half of present levels (Halved), reduction 

to below current levels (Declined), or increased above present levels (Improved). Each percentage is 

based on 5000 runs. 
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Figure 2: Distribution of the number of female dolphins alive after 50 years for 5000 

runs of a stochastic age-structured Leslie matrix population model for bottlenose 

dolphins in Doubtful Sound using present levels of calf survival (Scenario 1: !c(2002–2008) 

= 0.3750). All model runs resulted in a population decline and 2075 model runs 

resulted in extinction indicating present levels of calf survival are unsustainable. 

 

Discussion 

This study provides the first estimate of apparent annual survival for bottlenose dolphin 

adults (>3 years of age) at the southern extreme of the species’ range and has expanded 

on the earlier work of Haase and Schneider (2001) to provide new estimates of 

apparent annual survival for calves in the first year of life, detecting a significant 

reduction in calf survival since 2002. These survival estimates, were used to construct 

age-structured population models that considered parameter uncertainty as well as 

demographic and environmental stochasticity to assess the role of adult and calf 

survival in the recently observed population decline. It was found that the reduction in 

calf survival was a key factor in the observed population decline and has dramatically 

increased the risk of further decline. 
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Adult Survival Rate 

The estimate of apparent annual adult survival (!a(1990–2008) = 0.9374, 95% CI: 0.9170-

0.9530) was lower than observed using similar methods in Sarasota Bay, Florida (0.962, 

SD = 0·0076, Wells & Scott 1990) but similar to estimates obtained in Moray Firth, 

Scotland (0.92, 95% HPDI: 0.861–0.961, Corkrey et al. in press) and similar to survival 

rates for captive dolphins (0.93, 95% CI: 0.92–0.94, DeMaster & Drevenak 1988; 

0.948, 95% CI: 0.941–0.956, Small & DeMaster 1995). Overall survival estimates 

derived from strandings of dolphins from the Indian/Banana River population in 

Florida were lower than our estimate of adult survival (0.920, 95% CI: 0.908–0.931, 

Hersh et al. 1990; 0.902, Stolen & Barlow 2003), but their estimates included calf 

survival. The estimate of adult survival in females was slightly (but not significantly) 

higher than for males, similar to findings in other locations (Stolen & Barlow 2003). 

However, the model selection process favoured a single estimate of survival for both 

sexes. Also, the availability of gender information correlated with capture history (i.e. 

the more frequently an individual was sighted, the more likely it was to be sexed), 

resulting in a positive bias in gender-based estimates of survival. Hence, the single 

estimate (!a(1990–2008) = 0.9374) is considered the most appropriate measure of survival 

for both male and female adult bottlenose dolphins in Doubtful Sound. 

 

It is not immediately clear whether the estimate of apparent annual adult survival 

reflects some level of impact on the adult members of the population. While the adult 

survival estimate is lower than observed in Sarasota Bay, it is similar to findings from 

the Moray Firth. This may reflect fundamental ecological differences between the study 

sites: a warm-water shallow embayment in the sub-tropics versus cool-temperate deeper 

environments at the latitudinal extremes of the species’ distribution. Further, the 

evidence suggested that adult survival has remained relatively constant over the course 

of the study, when increased variability or a decrease over time consistent with the 

hypotheses might be expected, reflecting anthropogenic impacts. However, this may 

not be the case if impacts were present prior to this study and had remained relatively 

constant throughout. Conversely, the long lifespan of the species may act as a buffer to 

changes in survival (i.e. current impacts may reduce the lifespan of individuals but until 

these individuals die survival will not reflects this). Hence, recent impacts from 

increasing levels of tourism (see Lusseau 2003b; 2003c; 2004; 2006; Appendix A) may 
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not yet be fully reflected in adult survival rate. The only way to thoroughly assess 

whether adult survival is being influenced by human impacts is to continue monitoring 

the population, and, expand monitoring to other Fiordland populations of bottlenose 

dolphins which are not exposed to the same impacts. 

 

Calf Survival Rates 

The estimate of apparent annual first-year calf survival prior to 2002 (!c(1994–2001) = 

0.8621, 95% CI: 0.6851-0.9473) is comparable to other estimates obtained for 

bottlenose dolphins in the wild: in Sarasota Bay (0.811, SD = 0.0644, Wells & Scott 

1990), observed around Mikura Island, Japan (0.866, Kogi et al. 2004), assessed from 

strandings in the Indian/Banana River area (0.886 for males, 0.918 for females, Stolen 

& Barlow 2003), and for first-year calves not exposed to human provisioning in 

Monkey Mia, Australia (0.76, Mann et al. 2000). Like these other studies, calf survival, 

is likely to have been slightly overestimated here given that some dead calves were 

probably not sighted, an acknowledged bias (e.g. Mann et al. 2000; Kogi et al. 2004). 

The similarity of this estimate of apparent annual first-year calf survival prior to 2002 

with those of prior studies indicates it represents a stable population. This is consistent 

with the results of the population model using this level of calf survival; the projections 

indicated that an increase above present levels was slightly more likely than continued 

decline. 

 

In comparison, the estimate of apparent annual first-year calf survival since 2002 

(!c(2002–2008) = 0.3750, 95% CI: 0.2080-0.5782) is, to our knowledge, the lowest estimate 

of first-year calf survival reported for bottlenose dolphins. It is substantially lower than 

reported for bottlenose dolphin calves in captivity (0.61, DeMaster & Drevenak 1988; 

0.666, 95% CI: 0.609–0.728, Small & DeMaster 1995) and marginally lower than 

observed in calves exposed to human provisioning in Monkey Mia, Australia (0.44, 

Mann et al. 2000). The model projections indicate that this level of calf survival was 

unsustainable, with the population declining in 100% of the model runs, and highly 

likely to reduce below a quarter of present size (95.6% of model runs) in 50 years. The 

latter can be regarded as quasi-extinction. At that level, the population is increasingly 

vulnerable to stochastic Allee effects including loss of genetic diversity, potential for 

skewed sex ratios, and detrimental effects on the complex social structure of the 
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population (Lusseau 2003d; Lusseau et al. 2003; Lusseau 2007) which, singly or in 

combination could dramatically increase the probability of extinction. In this context, 

because they include no Allee effects, the models are optimistic. 

 

Possible Impacts on Calf Survival 

These findings raise an important question: why has calf survival declined? Applying 

information theory, it was possible to quantify the evidence for specific hypotheses to 

directly answer this question. The most parsimonious explanation was that calf survival 

declined to an unsustainable level in 2002, consistent with the third hypothesis: that 

the decline coincided with the opening of the second tailrace tunnel. This explanation 

was six times more likely than survival varying from year to year in an unsustainable 

manner and 22 times more likely than a decline in any year or across multiple years 

(excluding 2002). This suggests there is evidence for a decline specifically in 2002 and 

weaker evidence of contributing variation that occurred in other years. The Manapouri 

hydroelectric power station opened the second tailrace tunnel in 2002, increasing 

mean freshwater discharge by 9.7% (Meridian Energy unpublished data). This is the 

only potential impact known to have changed significantly in 2002. 

 

The power station became operational in 1969. Its freshwater discharge tripled the 

natural freshwater inflow into the fiord, increasing the depth of the tannin-rich 

freshwater layer (Stanton & Pickard 1981; Gibbs et al. 2000; Gibbs 2001). This 

freshwater layer is colder than the underlying sea water in winter and spring, and 

attenuates available light year round, reducing primary productivity (Gibbs 2001; 

Peake et al. 2001). Increased freshwater inflow has led to significant ecological changes 

(Boyle et al. 2001; Tallis et al. 2004; Rutger & Wing 2006) and may have had indirect 

effects on the dolphins. Ecological changes resulting from the tailrace could affect the 

availability of prey but perhaps of greater concern is the reduction in water 

temperature. 

 

The bottlenose dolphins of Fiordland are at the southern limit of the species’ 

worldwide range, and show seasonal movements and seasonal calving in apparent 

response to water temperature (Bräger & Schneider 1998; Schneider 1999; Haase & 

Schneider 2001). The highest tailrace flow rates occur in spring due to snowmelt 
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(Mabin 2008). This coincides with mothers entering the latter stages of pregnancy and 

the births of the first of the summer calves. Decreased water temperature from 

increased freshwater inflow may exceed the physiological tolerance of newborn calves 

whose small body size and thin blubber layer may make them thermally more 

vulnerable. This is plausible as bottlenose dolphins in the warmer waters of sub-tropical 

Sarasota Bay show reductions in thermal conductance in winter, consistent with heat 

retention (Meagher et al. 2008). Further, the thermal conductivity of freshwater is 

greater than seawater, meaning a dolphin will lose heat more readily in cold freshwater 

than in seawater of the same temperature. Given that newborn calves rarely dive below 

the freshwater layer (Rohan Currey pers. obs.), thermal stress may play a significant 

part in the observed reduction in calf survival. 

 

The main remaining area of uncertainty is whether this decrease in calf survival reflects 

the increased freshwater discharge alone or whether the increased discharge represents 

a tipping point at which the cumulative effects of all human disturbances exceeded an 

energetic threshold that the calves could no longer sustain. Hence management of the 

tailrace should be a high priority but must not be conducted at the expense of 

managing other sources of impact. 

 

Some evidence of a decline in calf survival was consistent with the increased tourism in 

Doubtful Sound in recent years (Lusseau 2005a). Further, it is likely that tourism is one 

of the impacts with potential cumulative effects on calf survival. Tour boat interactions 

have been found to disturb the dolphins, with dolphin behaviour becoming 

increasingly erratic (Lusseau 2006), resting and socialising behaviour disturbed 

(Lusseau 2003c) and dolphin dive intervals increased (Lusseau 2003b). Males and 

females respond differently to tour boat interactions, with males increasing dive 

intervals immediately while females increase dive intervals only when tour boat 

interactions become intrusive, suggesting that females may be resource limited (Lusseau 

2003b). The combined energetic costs of reproduction (i.e. pregnancy and lactation) 

and tour boat interaction may be unsustainable and could be reflected in reduced calf 

survival. This has been assessed in a theoretical framework, resulting in predictions of 

population decline (Lusseau et al. 2006c). These effects are not unique to Doubtful 

Sound, as studies in Shark Bay have found low calf survival appears to be related to 
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human disturbance (i.e. food provisioning) and calf body condition rather than 

predation (Mann et al. 2000; Mann & Watson-Capps 2005). In addition, female 

reproductive success and relative dolphin abundance were also related to cumulative 

tour boat exposure in Shark Bay (Bejder 2005; Bejder et al. 2006). Effective 

management of tourism impacts in Doubtful Sound must be a high priority. 

 

In addition to these ongoing effects, other potential impacts may help to account for 

some of the underlying variation in calf survival across years. Injuries and mortalities 

associated with ship strikes can have a direct effect on the population and occur at 

unpredictable intervals. Some members of the Doubtful Sound population bear 

propeller scars and a calf in Milford Sound disappeared shortly after being wounded by 

a propeller (Lusseau et al. 2002). The population has also been subjected to other 

potential sources of disturbance. A biopsy programme conducted in spring 2004 

(Tezanos-Pinto et al. 2008) could have been an additional stressor, given the 

population seems unusually sensitive to invasive techniques (Schneider et al. 1998; 

Hooker & Baird 2001). It is worth noting that Doubtful Sound has undergone 

additional anthropogenic ecological change, principally via fishing. Bycatch is unlikely 

to be a factor in the population decline, as there are no gillnet or trawl fisheries within 

the fiord, and the dolphins very seldom range outside the fiord. However, past fishing 

practices have led to declines in Fiordland fish stocks (Beentjes & Carbines 2005). 

Given that the dolphins are reliant on local productivity (Lusseau & Wing 2006), 

fishing may have affected prey availability. While this may not have a direct role in 

reduced calf survival over the study period, it may be an important factor for the 

population in the long-term. 

 

Modelling Assumptions 

This population modelling approach necessitated a number of assumptions. Model 

parameters were selected based on the best available information and in some cases 

(notably age at first reproduction and life expectancy) there was no information 

specific to Doubtful Sound. Hence, appropriate estimates from other locations were 

used (Wells & Scott 1990; 1999), and included parameter uncertainty (Slooten et al. 

2000). It was also assumed that the survival of sub-adults (one to three years of age) was 

related to the survival of adults and newborn calves. Given that sub-adults rarely have 
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dorsal fin nicks and are not as closely associated with their mothers as newborns, 

obtaining direct estimates of survival is difficult. While it is possible to identify sub-

adults by ephemeral marks in Doubtful Sound (Chapter 3), this requires sufficiently 

regular monitoring to allow subtle marks to be tracked. Some misidentification of these 

individuals could have occurred, hence the analyses were confined to permanently 

marked individuals and a relationship between adult and calf survival was inferred. It 

was assumed such a relationship was biologically realistic (see Wells & Scott 1990; 

1999). It is also realistic in this specific instance as a decline in the survival of sub-

adults could account for the remainder of the population decline (between 9 and 20 

individuals or 39-74% of the population decline) not explained by the loss of newborns 

calves. 

 

The population models considered both independent parameters and a lagged negative 

correlation between calf survival and reproductive rate (Thompson et al. 2000; Haase 

& Schneider 2001). However, the use of correlated parameters did not result in 

population outcomes that differed appreciably from those obtained with independent 

parameters. Whilst it is considered that biologically meaningful parameter correlation 

should be included (Thompson et al. 2000), in this instance there seems to be 

insufficient variability in the chosen parameters for correlation to alter the population 

trajectory. This lack of effect of parameter correlation has been observed in other 

population modelling scenarios, perhaps reflecting the importance of key parameter 

estimates, such as survival in determining population outcomes (Slooten et al. 2000). 

 

Density dependence was not considered among the range of model scenarios presented 

here. Fowler (1984) found no evidence for density dependent reproduction in 

bottlenose dolphins and we are not aware of any published studies showing a density 

dependent increase in reproductive rate or survival in any small population of small 

cetaceans. Further, if a compensatory density dependent response were physiologically 

possible, it probably would have already occurred as the population is so small. It is 

believed that Allee effects (Allee 1931; Stephens et al. 1999) resulting in depensatory 

density dependence are far more likely. Their inclusion would almost certainly increase 

any estimate of risk to the population, hence our present estimates should be regarded 

as conservative. 
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Management Implications 

Given the likelihood of ongoing population decline, it is concluded that urgent 

management action is required to address all potential sources of impact. Towards that 

objective, these findings provide guidance for the appropriate spatial and temporal 

scope of management actions. Model projections in which calf survival improved from 

present levels to pre-2002 levels had a slightly greater chance of an increase in the 

population versus a continued decline. This indicates that effective management 

measures are urgently required to enable calf survival to return to the levels observed 

prior to 2002 or higher. A return to pre-2002 survival rates would represent a 

significant improvement over the presently predicted levels of decline. However, the 

future of the population under this scenario would remain subject to considerable 

uncertainty. 

 

The appropriate spatial scope of management measures can be inferred from the habitat 

use of the population. The very high adult resighting rate across years (pa(1990–2008) = 

0.9961), combined with prior evidence of high resighting rates within and across 

seasons (Williams et al. 1993; Chapter 3), confirms that the population is resident in 

Doubtful Sound year round, hence underscoring the importance of managing all 

impacts within the fiord system. This differs considerably from nearby Milford Sound, 

where bottlenose dolphins exposed to tourism demonstrate avoidance behaviour, 

leaving the fiord in times of peak tour boat activity to travel to other parts of their 

range where tour boat activity is far less frequent (Lusseau 2005b). 

 

The most important conclusion is that the present level of bottlenose dolphin calf 

survival in Doubtful Sound is unsustainable. To address this, management of all sources 

of impact, most notably freshwater discharge and tourism is required. These suggestions 

are likely to be unwelcome as tourism and hydroelectric power contribute significantly 

to the New Zealand economy: the Manapouri Power Station in particular generates 

significant income ($276m in 20062) for the New Zealand Government via the sale of 

electricity to Rio Tinto for use at the Tiwai Point aluminium smelter. While there is 

some uncertainty concerning the mechanism underlying the effect of freshwater 

                                                
2 These financial records are not published. The only public record available was a news article: 

http://www.stuff.co.nz/business/284695 
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discharge on the survival of calves, there is an urgent need for management of this 

source of impact. Given this limited understanding, here are some general suggestions. 

Freshwater discharge should be reduced to pre-2002 levels, as this appears to be 

tolerable for calves. Discharges should be further reduced when mothers and calves are 

likely to be most vulnerable (spring and summer). Future research into the mechanisms 

underlying the decline in calf survival will enable more detailed recommendations for 

management. In particular, if these recommendations are followed it will be possible to 

determine whether calf survival increases as predicted. 

 

Proposed marine protected areas (e.g. Lusseau & Higham 2004; Appendix A) should be 

adopted to reduce tour boat activity in areas where dolphins are particularly susceptible 

to disturbance. This should be implemented in combination with regulation of 

recreational boat activity, increased education for all fiord users and effective 

compliance measures. In this respect, it is likely that the current voluntary code of 

conduct will be ineffective. Voluntary codes of conduct have proven to be ineffective 

in other locations (Scarpaci et al. 2003; 2004; Whitt & Read 2006; Wiley et al. 2008), 

and compliance with the New Zealand Marine Mammal Protection Regulations 

(MMPR) in Doubtful Sound has been problematic in the past, with the majority of 

boat interactions violating the MMPR (Lusseau 2003b). Only rigorous measures 

enforced by the Department of Conservation, the appropriate statutory authority under 

the New Zealand Marine Mammal Protection Act, will ensure pregnant females and 

calves are afforded protection from intrusive boat interactions throughout the fiord. 

 

This study has demonstrated that via a combination of demographic study and 

population modelling, it is possible to isolate causal factors in a declining population. 

This provides a necessary focus for management action and a baseline for research to 

assess the success of management interventions. In this respect, prompt 

implementation of effective management measures and the long-term monitoring of 

calf survival are the highest priorities for the population. 
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Chapter 5 

Inferring trends and causal factors for a declining 

population of bottlenose dolphins via temporal symmetry 

capture-recapture modelling1 

 

We applied temporal symmetry capture-recapture (TSCR) models to estimate 

recruitment and population growth rates for a declining population of bottlenose 

dolphins (Tursiops truncatus) in Doubtful Sound, New Zealand. Model selection was 

conducted within an information-theoretic hypothesis-testing framework to assess the 

strength of evidence for possible causal factors in the decline. There was twice the 

support for time–variant models (cumulative AICc weight = 68.45%), reflecting 

ongoing declines in recruitment and population growth rate. Model–averaged estimates 

of recruitment and population growth rate were lowest between 2004 and 2006, 

consistent with an established decline in the survival of calves (<1 year old) since 

2002. Additional linear declines in recruitment and population growth rate prior to 

2004 suggested a separate reduction in juvenile survival (1 to 3 years old). This resulted 

in low overall estimates of recruitment (0.0249; 95% CI: 0.0174–0.0324) and 

population growth rate (0.9642; 95% CI: 0.9546–0.9737) for the entire period (1995 to 

2008). The TSCR rate of population decline was consistent with an estimate derived 

from trends in abundance (lambda = 0.9632; 95% CI: 0.9599–0.9665), accurately 

reflecting population trajectory, while identifying the cause of the decline: apparent 

cumulative impacts on individuals <3 years old resulting in reduced recruitment. 

                                                
1 Currey, R. J. C., Dawson, S. M., Schneider, K., Lusseau, D., Boisseau, O. J., Haase, P. A., & Slooten, E. 

in prep. Inferring trends and causal factors for a declining population of bottlenose dolphins via temporal 

symmetry capture-recapture modelling. 
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Introduction 

Quantifying evidence of subtle or indirect impacts on marine mammal populations is 

vitally important for effective conservation management. A key component of this is 

the ability to identify possible causal factors in population declines. Increasing our 

understanding of the processes underlying population declines is of intrinsic ecological 

interest and has important consequences for the management of declining populations 

(Caughley 1994). For many wildlife populations, identifying these causal factors 

represents a considerable challenge. In the first instance, detecting declines among 

marine mammal species with large ranges or low densities is notoriously difficult, as 

constraints on monitoring often reduce the precision of abundance estimates, providing 

limited power to detect trends (Taylor & Gerrodette 1993; Taylor et al. 2007b). 

Further, identifying the consequences of subtle or indirect impacts on the population 

biology of a long-lived species can be difficult. Disentangling impacts of multiple 

stressors is difficult, especially when impacts are accumulated over long life spans, 

buffering against the detection of trends. 

 

Temporal symmetry capture-recapture (TSCR) modelling (Pradel 1996; Nichols et al. 

2000) offers an alternative approach. Employing TSCR models, it is possible to 

estimate population growth rate directly, without estimating abundance. TSCR models 

deconstruct population growth rate into constituent parts, hence providing the ability 

to assess the demographic factors causing changes in population status. By constructing 

models expressed in terms of survival and recruitment, it is possible to quantify the 

evidence for different hypotheses using Akaike's information criterion (AICc), an 

information theoretic measure of model fit and parsimony (Akaike 1973; Burnham & 

Anderson 2002). Employing TSCR models to estimate recruitment in particular 

provides a means to assess trends within segments of the population that are in 

unobservable states (i.e. before they are marked). Thus such modelling enables 

estimation of population growth rate, with the key advantage of providing insights into 

the factors influencing this rate. 

 

Capture-recapture studies of long–lived species require data spanning many years before 

estimates of vital rates are sufficiently precise to assess population trends (Thompson et 

al. 2000). Further, the assumption that trends within the marked subset of the 
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population are indicative of the whole population requires examination. Given that 

many naturally occurring marks accumulate with age (Würsig & Jefferson 1990), 

samples of marked individuals may over-represent mature individuals, resulting in 

biased estimates of survival and population growth rate. These concerns would be 

allayed if the modelled population also had an independent, precise estimate of 

population growth that reflected trends for both marked and unmarked individuals and 

was obtained over meaningfully long period (i.e. at least a decade). For this comparison 

to be valid, the population should not be subject to external factors that may confound 

trends in the accumulation of marks (e.g. changes in fishing regulations that may alter 

entanglement rates).  

 

The present study focused on a population of bottlenose dolphins from Doubtful 

Sound, New Zealand (Tursiops truncatus) which has declined in abundance by 34-39% 

over the last 12 years (Chapter 3). A recent significant decrease in calf survival (<1 

year old) has been identified as a key demographic factor in this decline, accounting for 

26–61% of the population decline in Doubtful Sound (Chapter 4). Effective 

conservation management of the Fiordland bottlenose dolphins requires an 

understanding of additional factors governing population status. In this study, TSCR 

models were applied to estimate population growth rate in Doubtful Sound. This 

modelling approach enabled assessment of the evidence for specific demographic 

impacts. Recruitment into the adult population (>3 years old) was modelled to assess if 

this was consistent with: (1) the observed decrease in calf survival alone, (2) a decrease 

in the survival of juveniles (1–3 years old) that pre-dated the decrease in calf survival, 

(3) year to year variation in recruitment or (4) a constant level of recruitment that has 

been unsustainable throughout the period of the population decline. We considered 

models that reflected both fixed and random effects to account for variation in 

recruitment. Further, we utilised previous precise estimates of abundance (Chapter 3) 

to provide an independent estimate of population growth rate for both marked and 

unmarked individuals. Comparison of estimates of population growth rate enabled an 

assessment of the accuracy of TSCR modelled estimates, potentially validating this 

approach for application to other naturally-marked marine mammal populations. 
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Methods 

Study population and data collection 

The study population was a group of bottlenose dolphins (Tursiops truncatus) which 

resides year round in the Doubtful/Thompson Sound complex (referred to as Doubtful 

Sound), in Fiordland (45o 28’S, 167o 09’E), on the south–west coast of the South Island 

of New Zealand (Williams et al. 1993; Chapter 3). The Doubtful Sound population 

shows a high degree of site fidelity across times scales from days to decades (Schneider 

1999, Currey in press, Chapters 3 & 4), with an estimate of annual recapture 

probability from 1990 to 2008 that is among the highest ever recorded for a wild 

cetacean population – 0.9961 (95% CI: 0.9844–0.9991; Chapter 4). Nearly two 

decades of ecological study and opportunistic observations indicate that movements 

into Doubtful Sound or between Doubtful Sound and the other Fiordland populations 

appear very limited or negligible (Tezanos-Pinto et al. 2008, Currey in press). Over this 

time, population composition has remained stable, with the same individuals 

repeatedly observed (Chapter 4), and long-lasting associations observed among 

individuals (Lusseau et al. 2003). 

 

 The Doubtful Sound population has been studied since 1990, with a key focus on 

compiling photographic resightings of individually identifiable dolphins for capture-

recapture analysis (Williams et al. 1993; Chapters 3 & 4). Photographs were taken with 

Nikon 35mm film and digital SLR cameras equipped with fixed and zoom telephoto 

lenses, or captured from video footage taken with digital video (miniDV) cameras. 

Photo-identification of cetaceans is a well established technique (Würsig & Jefferson 

1990) and the approach for this population has been described in detail previously 

(Williams et al. 1993; Chapters 3 & 4). The capture-recapture dataset contained 

annual photographic resightings of adult and sub–adult dolphins (>3 years old) 

identified via dorsal fin nicks during fieldwork conduced between 1990 and 2008 

(Chapter 4). All dolphins in Doubtful Sound are naturally marked, via dorsal fin nicks 

and/or toothrakes (Williams et al. 1993, Chapter 3). While toothrakes fade over time, 

dorsal fin nicks persist across years; some individuals have remained identifiable by the 

same markings throughout the 18–year study period (Chapter 4). To avoid bias arising 

from potential misidentification of individuals with temporary marks, only individuals 

with dorsal fin nicks were included in the resighting dataset (Chapter 4). Dorsal fin 
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nicks accumulate with age (Würsig & Jefferson 1990) and have been observed in 

Doubtful Sound individuals from the age of 3 years onwards meaning this dataset 

excludes individuals under 3 years of age (Chapter 4). Further, to avoid 

underestimation of annual mortality arising from unequal periods between samples, 

only years in which summer field surveys were conducted were included (Chapter 4). 

This study focused on a subset of the dataset, spanning 1995 to 2008, to assess trends in 

recruitment and population growth over the period of the observed population decline 

(Chapters 3 & 4). 

 

Demographic modelling 

Recruitment (f) and population growth (!P) were estimated using a TSCR approach 

(Pradel 1996; Nichols et al. 2000) implemented in Program Mark (White & Burnham 

1999). In this instance, f represented the number of new individuals recruited into the 

adult and sub–adult population (>3 years old) at time i per individual in the population 

at time i-1, while !P reflected the annual rate of growth for the adult and sub–adult 

population for the period 1995 to 2007. Modelling scenarios considered variation in f 

to reflect the hypotheses. Model scenarios included: (1) two periods of constant f 

(before and after 2004) corresponding to a lagged effect of decreased survival of calves 

(< 1 years old) since 2002 (f(tPeriod)) (Chapter 4); (2) a linear decrease in f over time 

consistent with a decrease in the survival of juveniles (1–3 years old) that pre-dated the 

decrease in calf survival (f(tLinear)); (3) yearly variation in f across the study period 

(f(tYear)); (4) a single estimate of f spanning the study period representing a constant, 

unsustainable level of recruitment throughout the period of the population decline 

(f(.)); or random effects that simulated fluctuations around either (5) a mean value of f 

(f(tRandMean)) or a linear trend in f (f(tRandLinear)) across the study period. 

 

Model goodness–of–fit (GOF) was assessed by applying the bootstrap simulation 

procedure provided in Program Mark(White & Burnham 1999) to the Cormack-Jolly-

Seber (CJS) model (Lebreton et al. 1992). This approach was taken for a number of 

reasons: dedicated GOF tests are not yet available for TSCR models (Sandercock & 

Beissinger 2002), TSCR models are derived from CJS models (and hence have similar 

assumptions; Sandercock & Beissinger 2002), and previous CJS analysis of this dataset 

employed bootstrap simulation GOF testing (Chapter 4), thus the chosen method 



Chapter 5: Trends and causal factors in a declining bottlenose dolphin population 72 

 

provided a consistent approach. Model selection was conducted using Akaike's 

information criterion (AICc) corrected for small sample size (Akaike 1973; Burnham & 

Anderson 2002). The most appropriate model possessed the lowest AICc score and 

therefore the highest AICc weight. Model comparisons were made using evidence ratios 

based on the relative likelihood of specific models from the AICc weights (Burnham & 

Anderson 2002; Anderson 2008). 

 

Estimation of recruitment and population growth 

Model–averaged estimates of f were produced to reflect the AICc weight of the 

candidate set of models for f (Burnham & Anderson 2002). In a similar manner, 

model–averaged estimates for !P were derived from the candidate set of models for f to 

assess trends in !P. Derived parameter estimates for !P are available when modelling f 

within Program Mark as !P is a function of f (!i = !i + fi). Also, the grand means of the 

model–averaged estimates for f and !P were calculated with associated variances using 

the delta method (Seber 1982; Powell 2007). Finally, the proportion of variance in !P 

that was attributable to variation across years was estimated using variance component 

analysis in Program Mark (White & Burnham 1999). 

 

In addition to f and !P, TSCR models can be used to estimate three further 

demographic parameters: survival (!) recapture probability (p), and seniority (!), 

which is the probability that an individual present in the population at time i+1 was 

present in the population at time i. We chose not to estimate ! in our modelling 

scenarios as it is a function of f (!i + fi = !i / !i+1), it was not available as a derived 

parameter (unlike !i), and our hypotheses were expressed in terms of f. Both ! and p 

have been estimated for the adult and sub–adult bottlenose dolphins (>3 years old) of 

Doubtful Sound using capture-recapture methods in the past (Chapter 4). The most 

parsimonious models were found to possess constant ! and p over the period of 1990 to 

2008 (! = 0.9374; 95% CI: 0.9170–0.9530; p = 0.9961; 95% CI: 0.9844–0.9991), with 

only 32% of total variance attributed to variation between years in variance 

component analysis (Chapter 4). Given the present study is an analysis of trends from 

1995 to 2008 using a subset of the same dataset (i.e. the longer-term analysis included 

the period of the observed population decline), we regard constant ! and p as the most 
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parsimonious model scenario for the present study. Any variation in ! or p is likely to 

result from truncating the dataset, providing a spurious deviation from established 

trends. Hence variation in ! and p over time was not considered among the present 

model scenarios. We calculated grand means of the model–averaged estimates for ! and 

p with associated variances for comparison to previous estimates.  

 

Comparison with trends in abundance 

To compare the TSCR estimate of !P to previously identified trends in abundance, an 

estimate of average population growth (!A) was derived from prior abundance estimates 

for individuals over 3 years of age: 69 individuals (95% CI: 68–70) in 1995 (Haase & 

Schneider 2001) and 44 individuals (95% CI: 43-45) in 2007 (Chapter 3). The 

following formula was applied: 

 

 

! 

"
A

= N
i+t / Ni( )

1/ t

 (1) 

 

Where Ni is the initial estimate of abundance, Ni+t is the final estimate of abundance, 

and t is the number of years that had elapsed between abundance estimates. To 

incorporate the effect of uncertainty in Ni and Ni+t on !A, !A was estimated via a Monte 

Carlo simulation procedure programmed in Excel 2004 for Mac (Version 11.5.3). This 

approach can be used to estimate the mean and variance of population trends, or the 

probability of a particular population trend (see Chapter 8 for a similar example).  

 

A value for Ni, rounded to the nearest integer, was selected from a normal distribution 

reflecting parameter uncertainty: with a mean equal to the estimate from 1995 and a 

standard deviation equal to the standard error of the estimate (Haase & Schneider 

2001). A value for Ni+t, rounded to the nearest integer, was selected from a normal 

distribution reflecting parameter uncertainty: with a mean equal to the estimate from 

2007 and a standard deviation equal to the standard error of the estimate (Chapter 3). 

A value of !A was then estimated using Equation 1 for the chosen values of Ni and Ni+t 

with t = 12 (reflecting the period between abundance estimates). These steps were 

repeated 5000 times and the resulting distribution of possible values for !A was used to 

calculate a mean and variance for !A. 
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Results 

Capture-recapture modelling 

Capture-recapture analysis was conducted using annual resighting data for the 69 adult 

and sub–adult bottlenose dolphins with dorsal fin nicks observed in Doubtful Sound 

over the period from 1995 to 2008. Recruitment into the adult and sub–adult 

population (f) was estimated with six different TSCR modelling scenarios, consistent 

with the hypotheses, while adult survival (!) and recapture probability (p) remained 

constant. Bootstrap goodness–of–fit (GOF) established that the model fitted the data 

(probability of observing the model deviance as large as the estimated deviance for the 

parameter–saturated model = 0.459 based on 1000 iterations), hence avoiding the need 

for adjustment to the AICc scores for over–dispersion (White & Burnham 1999).  

 

While the most parsimonious TSCR model had time–invariant f (Table 1), there was 

support for all models, suggesting no single hypothesis could fully account for observed 

trends, and approximately twice the support for models with time–variant f 

(cumulative AICc weight = 68.45%) than time–invariant f (AICc weight = 31.55%). 

Among time–variant models, a linear decline in f and a periodic decline in f had 

similar likelihood and were respectively 4.2 and 3.5 times more likely than yearly 

variation in f when model likelihood was quantified using information theoretic 

evidence ratios. Random effects models offered the least parsimonious explanations of 

underlying trends (cumulative AICc weight = 8.14%), partly as a result of their 

increased complexity. 

 

We interpret the results of the model selection process to indicate evidence of trends in 

f consistent with, but not solely dependent on, the observed decline in calf survival 

(represented by a periodic decline in f). The model–averaged estimates of f illustrated 

this, with the lowest estimates of f obtained between 2004 and 2006, but a linear 

decline present from 1995 to 2002 (Figure 1). Further accounting for the observed 

trends, years in which model–averaged estimates of f appear higher correspond to pulses 

of births 3 to 4 years prior (i.e. 9 births in 1999 may account for increased f in 2003 and 

8 births in 2004 may account for increased f in 2007). Thus the observed trends in f 

appear to be the product of a decline in calf survival, a decrease in f that pre-dates this, 

and stochastic processes influencing reproductive rate. 
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Table 1: Model ranking of temporal symmetry capture-recapture models estimating 

apparent annual survival (!), recruitment (f) and recapture probability (p) for adult 

and sub–adult bottlenose dolphins observed in Doubtful Sound from 1995 to 2008. 

Model AICc #AICc AICcwt Parameters Deviance 

!(.) p(.) f(.) 433.08 0.00 0.31549 3 63.45360 

!(.) p(.) f(tLinear) 433.24 0.15 0.29234 4 61.57810 

!(.) p(.) f(tPeriod) 433.61 0.53 0.24200 4 61.95600 

!(.) p(.) f(tYear) 436.13 3.05 0.06879 14 43.79670 

!(.) p(.) f(tRandMean) 436.68 3.60 0.05214 10.453 51.76800 

!(.) p(.) f(tRandLinear) 437.84 4.76 0.02924 10.325 53.19000 

Shown are the Akaike’s information criteria (AICc), the delta AICc (#AICc), the AICc weight 

(AICcwt), the number of parameters and the deviance for each model. A ‘(.)’ denotes an invariant 

parameter, and ‘(t)’ denotes a time–variant parameter with parameter estimates for each year ‘(tYear)’, for 

two periods before and after 2004 ‘(tPeriod)’, reflecting a linear decline over time‘(tLinear)’, or random effects 

about a mean value ‘(tRandMean)’, or linear trend ‘(tRandLinear)’. Note that random effects models possess a 

non-integer number of parameters. 

 

The modelling process provided direct estimates for three parameters: f, ! and p. The 

grand mean of model–averaged estimates of f was 0.0249 (95% CI: 0.0174–0.0324). 

While the TSCR modelling scenarios did not address variation in ! or p directly, 

estimates of ! and p differed slightly between models, hence model-averaging was 

required. The grand mean of model–averaged estimates of ! was 0.9426 (95% CI: 

0.9372–0.9481), while the grand mean of model–averaged estimates of p was 0.9952 

(95% CI: 0.9933–0.9971). These estimates of ! and p for the period 1995 to 2008 fall 

within the range of previous estimates (! = 0.9374; 95% CI: 0.9170–0.9530; p = 

0.9961; 95% CI: 0.9844–0.9991) that reflect variation over the longer period of 1990 

to 2008 (Chapter 4). 

 



Chapter 5: Trends and causal factors in a declining bottlenose dolphin population 76 

 

 

Figure 1: Model–averaged estimates of apparent annual recruitment rate (f) for adult 

and sub–adult bottlenose dolphins (>3 years old) in Doubtful Sound. Estimates were 

derived from TSCR recruitment models (Table 1). Error bars are 95% confidence 

intervals. No observations were made in 1998. 

 

Population trends 

Model–averaged annual estimates of population growth (!P) were derived from the 

TSCR models for the adult and sub–adult members of the bottlenose dolphin 

population (Figure 2). Estimates of !P were consistent with a population decline, with 

even the upper confidence limit of !P below 1; (!P = 0.9642 (95% CI: 0.9546–0.9737). 

It is likely that this decline reflects a long–term, persistent trend as the upper 95% 

confidence limit for the model–averaged estimates of !P did not exceed 1 in any year 

(Figure 2). There was only slight variation between years, with 17% of the total 

variance attributed to year–to–year variation. However, there was evidence to suggest 

the rate of decline may have accelerated, with estimates of !P decreasing from 0.9776 

(95% CI: 0.8684–0.9965) in 1995 to 0.9579 (95% CI: 0.9224–0.9775) in 2006. 
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Figure 2: Model–averaged estimates of annual population growth rate (!P) for adult 

and sub–adult bottlenose dolphins (>3 years old) in Doubtful Sound. Estimates were 

derived from TSCR recruitment models (Table 1). Error bars are 95% confidence 

interval. No observations were made in 1998. 

 

The estimate of population growth derived from the decline in abundance (!A) was 

0.9632 (95% CI: 0.9599–0.9665). The results of this analysis can also be interpreted as 

the probability of a given population trend (i.e. the proportion of model runs !A < 1 is 

the probability of a population decline). Given Ni > Ni+t and the distributions of Ni and 

Ni+t did not overlap, all values of !A were < 1, indicating 100% probability of 

population decline. This estimate of !A was more precise than estimates of !P, 

reflecting the precision of the abundance estimates used to calculate !A, and the 

increased variance associated with estimates of !P to account for both parameter and 

model selection uncertainty. Despite differences in precision, estimates of !A and !P 

were consistent, with the grand mean of the model–averaged estimates of !P within the 

95% confidence intervals of the estimate of !A. Hence, TSCR estimation of !P 

provided an accurate reflection of established population trends, with the additional 

benefit of enabling an assessment of processes underlying trends through the modelling 

of f. 
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Discussion 

This study provided confirmation that TSCR estimates of population growth rate 

derived from a naturally marked subset of a population can accurately reflect trends in 

abundance. The TSCR estimate of population growth for the bottlenose dolphins of 

Doubtful Sound (0.9642; 95% CI: 0.9546–0.9737) was very similar to the estimate 

derived from trends in abundance (0.9632; 95% CI: 0.9599–0.9665). The abundance 

estimates used to calculate this rate of decline were obtained using capture-recapture 

methods and photo identification census techniques to include unmarked individuals 

(Chapter 3). Hence, the rate of population decline appears to be consistent irrespective 

of mark status. It should be noted that a high proportion of the population possesses 

permanent markings (63%: Chapter 3), and this should reduce potential bias, 

especially if the accumulation of marks is correlated with age (Würsig & Jefferson 

1990). 

To our knowledge, there has only been one previous assessment of the comparative 

accuracy of TSCR estimation of population growth rate: a study of population trends in 

green-rumped parrotlets in Venezuela ((Sandercock & Beissinger 2002). In that study, 

TSCR estimates of population growth rate from band recovery data were contrasted 

with ratios of direct counts and growth rates estimated using stage–structured matrix 

models. They found that the estimated rates of population growth were consistent, with 

all three approaches providing rates with similar levels of accuracy and precision 

(Sandercock & Beissinger 2002). The findings of the present study are consistent with 

this result, providing the first assessment of the comparative accuracy of TSCR 

estimation of population growth rate for a marine mammal population. However, 

further studies are required to establish conclusively that TSCR estimates of population 

growth rate obtained from marked individuals are consistently unbiased. 

 

The estimate of population growth derived from the decline in abundance was more 

precise than the TSCR estimate, a finding that differed from the example above 

(Sandercock & Beissinger 2002). The precision of this estimate is a direct result of the 

precision of previous abundance estimates, which have 95% confidence intervals of ±1 

individual (Haase & Schneider 2001; Chapter 3). This level of precision is a by–

product of high field effort, a high proportion of the population possessing permanent 

marks, small population size and all individuals residing within the fiord system year 
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round (Chapter 3). Indeed, when both ephemeral and permanent markings are utilised, 

we are able to obtain a photographic census that matches our capture-recapture 

estimates of abundance, indicating it is possible to identify all individuals (Chapter 3). 

The combination of these factors results in an unusually precise estimate of abundance 

for a cetacean population, thus providing an ideal benchmark population growth rate 

for comparison with the TSCR estimate in the present study. In this context, the 

comparative accuracy of the TSCR estimate of population growth rate is particularly 

encouraging. 

 

Employing an information theoretic model selection approach, it was possible to 

identify that cumulative factors reflecting different impacts on survival for calves (<1 

year old) and juveniles (1–3 years old) could largely account for underlying trends in 

recruitment and hence population change for bottlenose dolphins in Doubtful Sound. 

The reduction in recruitment since 2004 is consistent with an apparently sudden 

decline in the survival of calves (<1 year old) from 0.8621 (95% CI: 0.6851–0.9473) to 

0.3750 (95% CI: 0.2080–0.5782) since 2002 (Chapter 4). Given the current level of 

survival for calves (<1 year old) has not recovered to the (sustainable) levels observed 

prior to 2002, the lagged effect of calf survival will be manifested in reduced 

recruitment for a number of years. This will have significant consequences for the 

population in the future, including fewer females reaching sexual maturity and a 

consequent reduction in reproductive output commencing during the period of 2008 to 

2017 (given a possible range of age at first reproduction values for bottlenose dolphins 

of 6 to 15 years: Wells & Scott 1999; Mann et al. 2000). 

 

This reduction in calf survival coincided with the opening of a second tailrace tunnel 

that increased discharge of freshwater from a hydroelectric power station and has been 

estimated to account for between 26% and 61% of the observed population decline in 

Doubtful Sound (Chapter 4). The mechanisms governing this decline are presently 

unclear, although thermal stress from increased discharge of melt water in spring may 

be involved (Chapter 4). Hypothesised impacts from freshwater discharge and higher 

energy demands are consistent with differences recently detected between the 

bottlenose dolphins residing in Doubtful Sound and neighbouring Dusky Sound 

(Chapters 6 & 7). There are clear differences in the seasonality of movements between 



Chapter 5: Trends and causal factors in a declining bottlenose dolphin population 80 

 

the fiords (Chapter 6). Further, there is an apparent reduction in calf size and a higher 

prevalence of epidermal lesioning among females in Doubtful Sound (Chapter 7): these 

kinds of lesions are associated with low-salinity, low temperature water globally 

(Wilson et al. 1999).  

 

In addition to the effects of the documented decrease in calf survival on recruitment, a 

further impact was detected, in the form of a linear decrease prior to the impacts of 

reduced calf survival. Given that the survival of calves (<1 year old) had remained 

relatively constant to this point, the reduction in recruitment represents a decrease in 

the survival of juveniles (1–3 years old) that pre-dates the opening of the second 

tailrace tunnel. This is consistent with the previous suggestion that multiple 

anthropogenic impacts may account for the population decline in Doubtful Sound 

(Chapters 3 &4). There are a number of anthropogenic factors that may influence the 

survival of juveniles and help to account for this trend. The unsustainable level of tour 

boat activity (Appendix A), the ecological impacts of long-term fishing within the 

fiord (Beentjes & Carbines 2005) and long-term fresh water discharge from the 

hydroelectric power station (Boyle et al. 2001; Tallis et al. 2004; Rutger & Wing 

2006) may all contribute to this. However, the gradual and indirect nature of such 

potential impacts may make it impossible to disentangle their contributions to a 

decrease in the survival of juveniles. Clearly future research should focus on identifying 

the mechanisms by which juvenile survival has been impacted. What is clear, however, 

is that a decrease in recruitment prior to the opening of the second tailrace tunnel was 

a significant factor in the population decline. This suggests that cumulative impacts are 

important in the decline of Doubtful Sound’s dolphins. 

 

Evidence from the present study and previous study of survival in Doubtful Sound 

(Chapter 4) indicates reduced calf and juvenile survival has had a significant role in 

the population decline (Chapter 3). However, this does not preclude the possibility of 

other factors playing a part. Hence it is important to establish if movements may have 

contributed to the population decline in Doubtful Sound. Gene flow and movements 

into and between the Fiordland populations appear very limited or negligible (Tezanos-

Pinto et al. 2008; Currey in press). For net migration to have a role in the decline, 

there must have been an increase in permanent emigration or a decrease in permanent 
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immigration (or both). Decreased permanent immigration is least likely to explain 

population trends, as this would imply the Doubtful Sound population was a population 

sink for surrounding bottlenose dolphin groups in the past; a contention for which 

there is no evidence. Further, there has been no evidence of permanent immigration 

observed in Doubtful Sound since 2004 (Chapter 3; Currey & Rowe 2008; Rowe et al. 

2008), and none identified in previous studies (Williams et al. 1993; Schneider 1999; 

Haase 2000; Lusseau 2003a; Boisseau 2004). Thus immigration is not thought to be a 

factor in the population decline. 

 

There has been no increase in permanent emigration between 1990 and 2008, reflected 

by the constant adult survival rates observed in Doubtful Sound (Chapter 4). Capture-

recapture estimates of survival rate are confounded with permanent emigration, thus an 

increase in adult emigration from Doubtful Sound would appear as a decrease in adult 

survival rate: this was not observed (Chapter 4). Instead, there was evidence of a 

decline in calf survival (<1 year old) since 2002 (Chapter 4), and evidence of a decline 

in recruitment into the adult population since 1995 in the present study. Given the 

decline in recruitment indicates fewer calves and juveniles (<3 years old) were 

surviving to enter the adult population, these findings are inconsistent with 

emigration. Calves and juveniles (<3 years old) are still dependent on their mothers 

(Connor et al. 2000): if they attempted to emigrate without them, they would not 

survive; if they migrated with them, there would have been a decrease in adult survival. 

Thus the present study provides strong evidence for a source of decline that is 

inconsistent with permanent immigration or emigration. Meaning the survival of 

calves and juveniles (<3 years old), not movements between populations, can best 

account for the decline observed in Doubtful Sound. 

 

The annual rate of population decline recorded in Doubtful Sound (3.5%; 95% CI: 

2.5–4.5%) is among the most rapid reported for a cetacean population. This estimate 

exceeds the annual rate of decline among North Atlantic right whales (Eubalaena 

glacialis) exposed to impacts from entanglement, ship strikes and pollution (2.4%: 

Caswell et al. 1999). It is very similar to an inferred annual rate of population decline 

for Hector’s dolphins (Cephalorhynchus hectori) exposed to gillnet bycatch between 

1970 and 2007 (ca. 3.5% when calculated using Equation 1 with abundance data from 
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Slooten (2007). Vaquita (Phocoena sinus), the critically endangered porpoise restricted to 

the upper Gulf of California, has the fastest rate of decline in any extant marine 

mammal. A simple population model using known fishing effort (Jaramillo-Legorreta et 

al. 2007), and acoustic surveys both suggest that vaquita has probably declined by about 

75% in the last decade (IUCN 2008), equating to a ca. 12.5% annual rate of 

population decline (from Equation 1). 

 

This study has quantified the rate of population decline and the evidence for 

cumulative impacts on bottlenose dolphins of Doubtful Sound. The rapid rate of 

decline and the presence of multiple sources of impact suggest a dismal future for this 

population. Management steps to reduce human impacts are vital for the Doubtful 

Sound population to have a reasonable chance of survival. To this end, we advocate 

the adoption of a proposed multi-level marine mammal sanctuary to restrict 

interactions with tour vessels (Lusseau & Higham 2004; Appendix A). Such an 

approach is more likely to result in positive outcomes for the dolphins than the present 

voluntary code of conduct, given the well-established lack of compliance with such 

measures elsewhere (Scarpaci et al. 2003; Wiley et al. 2008). Further, we recommend a 

reduction in freshwater discharge from the Manapouri hydroelectric power station 

tailrace, especially in seasons when the dolphins are most susceptible to disturbance, 

notably spring and summer when increased snowmelt, with attendant reductions in 

water temperature, may increase the risk of calf mortality through added thermally-

induced energetic constraints (Chapter 4). 
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Chapter 6 

Abundance and demography of bottlenose dolphins 

in Dusky Sound, New Zealand, inferred from dorsal fin 

photographs1,2 

 

The bottlenose dolphins (Tursiops truncatus) of Dusky Sound, Fiordland, New Zealand 

are a little studied group at the southern limit of the species range. Conducting a 

photo-identification census and capture-recapture analyses, we estimated there were 

102 (CV=0.9%) bottlenose dolphins in Dusky Sound during summer 2007/2008, the 

first abundance estimate for this population. We did not encounter individuals from 

Doubtful Sound in Dusky Sound suggesting little or no interchange between these 

neighbouring populations. Using a sex-prediction model derived from laser-metric 

photographs of dolphins in Doubtful Sound, we predicted the sexes of 79 individuals 

(98-99% of adults and sub-adults) in Dusky Sound. Our predictions provided a sex ratio 

of 35 males to 44 females, not significantly different to a 1:1 ratio (G = 1.02, d.f. = 1, P 

= 0.312). High resighting rates of individual dolphins suggest the population may be 

resident, with dolphins observed throughout the entire fiord system. 

                                                
1 Currey, R. J. C., Rowe, L. E., Dawson, S. M., & Slooten, E. 2008. Abundance and demography of 

bottlenose dolphins in Dusky Sound, New Zealand, inferred from dorsal fin photographs. New Zealand 

Journal of Marine and Freshwater Research 42: 439-449. 

2 Currey, R. J. C., & Rowe, L. E. 2008. Abundance and population structure of bottlenose dolphins in 

Doubtful and Dusky Sounds: Population monitoring in Summer 2007/2008. Report for the Department 

of Conservation, Southland Conservancy, Invercargill, New Zealand. 28 pp. 
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Introduction 

Bottlenose dolphins (Tursiops spp.), while globally abundant (Wells & Scott 1999), are 

frequently found in isolated populations that range along discrete areas of coastline 

(e.g. Wells et al. 1987; Wilson et al. 1997b; Connor et al. 2000). The bottlenose 

dolphins (Tursiops truncatus) of Fiordland (44°30', 168°E; 46°10'S, 166°40'E) are 

thought to be the World’s southern-most resident groups of bottlenose dolphins (Bräger 

& Schneider 1998). They are found in three separate populations within Fiordland 

(Bräger & Schneider 1998; Lusseau & Slooten 2002). One population ranges among 

the fiords and bays of the northern Fiordland coast. Another is restricted to the 

Doubtful/Thompson Sound complex (referred to as Doubtful Sound). The third 

appears to be restricted to the Dusky/Breaksea Sound complex (referred to as Dusky 

Sound). 

 

Of the three Fiordland populations, the Doubtful Sound population is the most 

accessible and has been extensively studied since 1990 (Williams et al. 1993). The 

population shows adaptations to living in a cool water habitat, such as rotund body 

shape (Chong & Schneider 2001), seasonal calving (Haase & Schneider 2001) and 

seasonal changes in habitat use (Schneider 1999). The Doubtful Sound dolphins have 

an unusual social structure, characterised by strong, long-lasting associations, that has 

been attributed to geographic isolation and ecological constraints (Lusseau et al. 2003). 

Recently analysis of photo-identification data spanning a 17-year period identified a 

population decline of 34-39% among adults and sub-adults over the last 12 years 

(summer 1994/95: 69; 95% CI: 68-70; summer 2006/07: 44; 95% CI: 43-45). The 

population was estimated to contain a total of 56 individuals (95% CI: 55-57) 

including calves in 2007 (Chapter 3). Coincident with the population decline, the 

survival of newborn calves decreased from 0.800 prior to 2000 (Haase & Schneider 

2001), to 0.569 (CV=30%) between 2004 and 2007 (Chapter 3). Demographic 

modeling from a long-term dataset suggests that this decline occurred around 2002 and 

that current levels of calf survival are, to our knowledge, the lowest calf survival rates 

reported in the literature (Chapter 4). The rate of decline in abundance and survival is 

unsustainable and long-term viability of the population is threatened (Chapters 3-5, 

Appendix A). 
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The detection of a decline in Doubtful Sound now prompts the question: is the decline 

limited to Doubtful Sound, or are other Fiordland bottlenose dolphins also declining? 

The other bottlenose dolphin populations in Fiordland are far less accessible than 

Doubtful Sound, and consequently, are less studied. While some research has been 

conducted on the northern population, principally concerning tourism impacts 

(Lusseau 2005b), data were collected only in Milford Sound, which represents a 

fraction of the population’s range. Dusky Sound is the most remote and the most data 

deficient of the three Fiordland populations. Currently, published information 

concerning the population is limited to opportunistic surveys of the southern fiords 

that suggest bottlenose dolphins are resident in the fiord, at least in spring and summer 

(Bräger & Schneider 1998; Lusseau & Slooten 2002). 

 

The aim of our present study was to produce the first abundance estimate for the Dusky 

Sound bottlenose dolphin population by conducting a photo-identification census and 

capture-recapture analysis. Our systematic photo-identification surveys also allowed us 

to gather the first data on dolphin distribution within the fiord system. Further, we 

applied a non-invasive morphometric technique to obtain sex information for the 

dolphin population. Rowe and Dawson (in press-b) used morphometric data from laser-

metric dorsal fin photographs (laser photo-ID) to predict the sex of dolphins in 

Doubtful Sound with 93% accuracy. Here we applied their sex prediction model to 

laser photo-ID photographs of individuals from Dusky Sound to provide sex 

information for the population. 

 

Methods 

Survey Methods 

We conducted daily systematic surveys and obtained dorsal fin photographs during field 

trips to Dusky Sound (45°45' S; 166°35' E) in November-December 2007 and 

February-March 2008. Our survey craft was a 5.5m aluminium-hulled vessel, powered 

by a 90hp two-stroke outboard engine. The survey vessel was airlifted into Dusky 

Sound by helicopter. Surveys encompassed the entire inner fiord waters and as such, 

rarely included all areas in a given day. However, all areas of the fiords were surveyed at 

least once per trip in order to locate any persistently isolated groups of dolphins. We 
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established a survey route departing from Anchor Island Harbour (45°45' S, 166°31.5' 

E) that included all inshore waters (see Chapter 2). 

 

Surveys usually began an hour after dawn, weather permitting, and the survey route was 

followed until a group of dolphins was encountered. A Garmin GPSMap 60CSX was 

used to record survey effort, logging track points each minute the vessel was in 

operation. Once dolphins were encountered, the survey route was suspended and the 

vessel approached the dolphins in accordance with the Marine Mammal Protection 

Regulations and the code of practice developed by Schneider (1999). Photographic 

effort began when the vessel was within approximately 15 m of a dolphin group. We 

photographed animals whether or not they bore obvious marks, attempting to take 4 or 

more times as many photographs as there were animals in the group. This protocol was 

based on Wüisig and Jefferson’s (1990) finding that if 4 or more photographs are 

present of each recognizable individual, it is 95% likely that all identifiable individuals 

were photographed. Their calculation applies a posteriori, but nevertheless the “4 x 

group size” decision rule is useful in the field. Once this target was reached, we broke 

contact and continued with the survey until the route was completed, conditions 

deteriorated (i.e. Beaufort 4 and/or heavy rain) or daylight diminished. 

 

Photo-identification 

Dorsal fin photo-identification allows individual dolphins to be identified by unique 

patterns in naturally occurring marks (Würsig & Würsig 1977). Markings such as nicks 

in the trailing edge of the dorsal fin are essentially permanent and enable individuals to 

be identified repeatedly over many years. In comparison, tooth rakes, scars, 

pigmentation patterns, and lesions are subtle, temporary marks that allow identification 

of un-nicked individuals over short periods (Wilson et al. 1999a). 

 

Dorsal fin photographs were taken of individuals irrespective of their marks to enable 

an unbiased estimation of the proportion of nicked individuals (termed mark rate). 

Identification photographs were classified into four mark classes according to the 

presence of tooth rakes, a single nick, a double nick, or multiple nicks in the dorsal fin 

(following Williams et al. 1993). High intensity photo-identification effort allowed 

even subtly marked individuals to be uniquely identified and consistently re-sighted. 
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Photographic re-sightings of individually identifiable dolphins were made with 

reference to a photo-identification catalogue that included all known individuals. 

 

To minimize the chance of misidentification, photographs were required to be well 

exposed, in sharp focus, with the dorsal fin orientated parallel to, and occupying a large 

proportion of the frame. Photographs not meeting these criteria were deleted and 

hence excluded from further analysis. Photographs were taken with Nikon digital SLR 

cameras (Nikon D70s) equipped with AF Nikkor lenses (80-200 mm f2.8 and 70-200 

mm f2.8 VR). We operated two cameras concurrently, with one set of photographs 

used to produce the photo-identification census and capture-recapture abundance 

estimates (photographs taken, assessed, identified and analysed by RJCC), and the 

other to make measurements of dorsal fin morphometry using laser photo-ID 

(photographs taken, assessed, identified and analysed by LER). 

 

Abundance Estimation 

We estimated dolphin abundance using both capture-recapture and census techniques; 

an approach that has yielded precise estimates of dolphin abundance in Doubtful 

Sound in the past (Chapter 3). A photographic census was conducted by recording the 

number of identified individuals sighted over the period of fieldwork. This serves as a 

direct measure of minimum abundance. Our census included adults, sub-adults and 

calves, representing all subgroups within the population. We identified calves by the 

presence of marks (primarily tooth rakes), the shape of their dorsal fins and continued 

association with the (presumed) mother whenever the mother was observed. 

Individuals were identified using photographs taken of either side of the dorsal fin. To 

prevent errors arising from mismatching left and right sides, we estimated abundance 

using the left and right sides independently (Wilson et al. 1999a), in addition to a 

combined estimate that assumed both sides could be matched (Williams et al. 1993; 

Chapter 3). 

 

We calculated capture-recapture abundance estimates using the Chapman modification 

of the Lincoln-Petersen estimator (Chapman 1951): 

 



Chapter 6: Dusky Sound bottlenose dolphin abundance and demography 88 

 

 

! 

ˆ N =
(n

1
+1)(n

2
+1)

(m
2

+1)
"1 (1) 

Where 

! 

ˆ N  is the estimate of abundance, n1 is the number of individuals captured (i.e. 

photographed) in the first period, n2 is the number of individuals captured in the 

second period and m2 is the number of individuals captured in the first period and 

recaptured in the second period. 

 

We estimated abundance under two scenarios: (i) assuming all individuals in the 

population were marked (termed LP all marked), and (ii) using only individuals with 

dorsal fin nicks, and then scaling this estimate by a mark rate (termed LP nicked 

marked) consistent with previous studies of the Fiordland bottlenose dolphins 

(Williams et al. 1993; Chapter 3). In each scenario, we considered the fieldwork 

conducted in early summer as the “capture” period, and the fieldwork conducted in late 

summer as the “recapture” period. This approach would be inappropriate if the 

“marked” individual from the first sample do not get a chance to mix with other 

individuals in the population before the second “capture” sample is taken. Lack of 

mixing is extremely unlikely in this study because surveys covered a large proportion of 

the habitat each day, and the dolphins were most often found in large groups. The 

second scenario is more conservative as it assumes only long-lasting marks (dorsal fin 

nicks) can be reliably resighted. We estimated mark rate by counting the number of 

high-quality photos of individuals with dorsal fin nicks and dividing by the total 

number of high quality dorsal fin photos taken (Williams et al. 1993; Chapter 3). This 

resulted in a total of 6 capture-recapture estimates of abundance when the two marking 

scenarios were combined with the three photographic scenarios (i.e. using photographs 

of left, right or both sides). For all estimates, we calculated log-normal confidence 

intervals as these better reflect the uncertainty in abundance estimates (Buckland et al. 

1993). 

 

Laser Photogrammetry 

Laser photogrammetry (laser photo-ID), also known as laser-metrics, uses two parallel 

lasers that project dots a known distance apart onto the object being photographed 

(Durban & Parsons 2006). Provided the object of interest is perpendicular to the axis of 

the lasers, measurements are possible at any range over which the dots are visible. Laser 
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photo-ID has been used to obtain measurements of the dorsal fins of killer whales 

(Durban & Parsons 2006) and bottlenose dolphins (Rowe & Dawson in press-b). Here, 

laser pointers were fixed 100mm apart inside a rectangular plastic mounting block 

attached directly to the camera. The system was calibrated daily to ensure lasers were 

parallel, and checked regularly during photographic effort by projecting the lasers on to 

a measurement grid onboard the boat. Laser photo-ID photographs were subject to the 

same quality grading procedures at described above for photo-identification, with the 

addition that the laser dots were required to be clearly visible in each photograph. 

 

We selected the highest quality laser photo-ID photograph of each individual’s dorsal 

fin for analysis. In Intaglio (version 2.9.4, Purgatory Design) the dorsal fin base line 

(DBL) was defined by using the prominent crease to indicate the anterior insertion 

point of the dorsal fin. The posterior insertion point was defined by drawing a reference 

line that followed the main axis of the back. The point where the plane of the back 

deviated to the plane of the dorsal fin was defined as the posterior insertion point. The 

distance between the laser dots on each photograph was calibrated to equal 100mm and 

DBL measured. The image of the dorsal fin was extracted from the background and 

cropped at DBL using Adobe Photoshop (version 7.0, Adobe Systems Inc, California). 

To ensure consistency, all image selection, manipulations, and measurements were 

made by the same person. 

 

Sex Prediction 

A sex classification model derived from 43 known-sex adult and sub-adult bottlenose 

dolphins from Doubtful Sound correctly classified the sex of 93% of those individuals 

(Rowe & Dawson in press-b). Here we apply this model to predict the sex of adult and 

sub-adult bottlenose dolphins in Dusky Sound. This method is only applicable to adult 

and sub-adult dolphins (>4 years of age), thus we excluded calves from the data set. In 

Doubtful Sound, all dolphins less than 4 years old had dorsal fins less than 34cm in 

base length, allowing these individuals to be excluded from the sex classification model 

(Rowe & Dawson in press-b). We applied the same measurement threshold in Dusky 

Sound and only included individuals whose DBL exceeded 34cm to ensure the model 

was applicable. 
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The model to predict the sex of adults and sub-adults in Dusky Sound required specific 

morphometric data: dorsal fin surface area, proportion of the dorsal fin covered in 

scarring and the mark class. In ImageJ (version 1.37, National Institute of Health, 

USA), a scale was set for each photograph by calibrating the distance between the laser 

dots to equal 100mm. The fin area was selected by a threshold technique and the area 

measured and expressed as cm2. To provide a measure of scarring severity, the perimeter 

of individual scars was traced using the paintbrush tool in Photoshop. In ImageJ the 

threshold technique allowed the area of the traced scarring to be expressed as a 

percentage of the total area of the dorsal fin (Figure 1). Photo-identification mark 

classes were assigned a value from 0 to 3 respectively to reflect the number of dorsal fin 

nicks (i.e. 0, 1 or 2 nicks or 3 or more nicks) and were recorded as a categorical variable 

for each individual. 

 

 

Figure 1: An example of an extracted bottlenose dolphin dorsal fin image (left) with 

black marks representing the traced areas of scarring (right). This dorsal fin had a 

surface area of 627cm2 with 40.5% scar coverage, was in the multiple nick mark class 

and was predicted to be a male. 

 

The following sex classification model from Rowe and Dawson (in press-b) was applied 

to the morphometric data to predict the sex of the Dusky Sound dolphins: 
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Where ai, bi and "i are morphometric measures for individual i and #i is the probability 

of being male. Specifically, a = dorsal fin surface area, b = proportion of the dorsal fin 
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that is scarred and " is a numerical coding of mark class such that " = 0 when mark 

classification is tooth rakes; " = -3.006 when mark classification is single nick; " = -

2.326 when mark classification is double nick; " = 1.668 if mark classification is 

multiple nick (i.e. >2 nicks). The logistic regression model will give the probability (#i) 

of being male, meaning if #i is greater than 0.5, then the individual is considered male. 

If #i is less than 0.5, the individual is considered female. For example, if #i = 0.84, there 

is an 84% probability that the individual is male and a 16% probability (1-#i) that the 

individual is female. In this case, we would predict the individual is male. 

 

When using sex determination methods, it is as important to know when a method 

may fail as when it may provide useful information (Albanese 2003). During photo-

identification field effort in Dusky Sound opportunities arose to sex some individuals. 

Females were identified by observation of their genital region and the presence of 

mammary slits. Individuals were also assumed to be female if they had consistent 

association with a calf or sub-adult whenever they were observed. Males were identified 

by observation of genital region or an erect penis. We compared the assigned sex from 

the classification model to that known sex for individuals for which data was available. 

We compared the ratio of males and females using the sexes assigned from the 

classification model, and also the ratio of males and females after erroneous 

classifications were corrected. The statistical significance of the departure of the ratio 

males to females from the expected 1:1 ratio was tested by means of a goodness-of-fit 

G-test. 

 

Results 

Field Effort and Dolphin Distribution 

Our field effort in Dusky Sound entailed two periods of fieldwork in early and late 

summer 2007/08, resulting in 17 days (113 hours) spent on the water. We surveyed 

1472 nautical miles on effort, with all regions of the fiord searched at least once in each 

sampling period. We encountered dolphins on 15 days, spent 43 hours with them and 

made 188 spatial observations at 15-minute intervals. We took 3623 dorsal fin 

identification photographs for abundance estimation and a further 1537 dorsal fin 

photographs for morphometry and sex prediction. The 29 dolphin groups we 
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encountered were distributed throughout the entire fiord system in both fieldwork 

periods, with sightings in the inner fiord regions as well as the entrances of both Dusky 

and Breaksea Sounds (Figure 2). This contrasted with the pattern observed in Doubtful 

Sound during corresponding field effort (Currey & Rowe 2008). In Doubtful Sound, 

dolphin distribution varied between sampling periods, with late spring sightings 

primarily in the outer fiord, followed by an inshore shift with late summer sightings 

primarily in the inner fiord (Figure 3).  

 

Population Demographics 

We observed and identified 102 individually marked bottlenose dolphins. These 

individuals consisted of 93 adults, sub-adults and calves (>1 year old) and nine 

newborn calves: three born just prior to December 2007 (based on size relative to the 

mother, depth of foetal folds and erratic surfacing behaviour) and six born between 

December and February 2008. There was no apparent overlap with the population in 

Doubtful Sound, with none of the individuals observed in Dusky Sound sighted in 

Doubtful Sound previously. In addition, we observed and identified a single 

individually marked common dolphin (Dephinus delphis), which was sighted on four 

separate days freely associating with the bottlenose dolphins. This individual was 

photographed in Dusky Sound 12 months earlier and hence may have joined the 

population. 

 

All 93 adults, sub-adults and calves (>1 year old) exhibited some degree of marking, 

with 80 possessing dorsal fin nicks and toothrakes, while the remaining 13 had 

toothrakes on their dorsal fins. The nine newborn calves could be identified by their 

dorsal fin shape and mother-calf associations and in some cases were beginning to 

accumulate dorsal fin nicks and toothrakes by the end of the summer. Population 

composition appeared to be consistent over the summer with the majority of the 

population sighted on 5 or more occasions (Figure 4). This consistency was reflected in 

the discovery curve, with all 93 adults, sub-adults and calves (>1 year old) observed 

within the first 10 days of field effort (Figure 5). High resighting rates and the 

asymptotic form of the discovery curve indicate the population was probably resident 

within the fiord system over the study period. 
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Figure 2: Distribution of dolphin groups recorded at 15-minute intervals in Dusky-

Breaksea Sound complex. Sightings from surveys in December 2007 are denoted by ! 

and sightings from February and March 2008 are denoted by !. 
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Figure 3: Distribution of dolphin groups recorded at 15-minute intervals in Doubtful-

Thompson Sound complex (Currey & Rowe 2008). Sightings from surveys in 

November and December 2007 are denoted by ! and sightings from February 2008 are 

denoted by !. 
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Figure 4: Sighting frequency of individually identified bottlenose dolphins (n = 102) 

observed in 15 days of photo-identification on Dusky-Breaksea Sound complex. 

 

 

 

Figure 5: Discovery curve for 102 individually identified bottlenose dolphins across the 

15 days of photo-identification on Dusky-Breaksea Sound complex. 
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Abundance Estimates 

Capture-recapture abundance estimates that used photographs taken of both sides of 

individuals were identical to our population census of 102 bottlenose dolphins. The 

Lincoln-Petersen estimate that included all individuals as marked was exactly 102. The 

100% mark rate in addition to identifying all 102 individuals in the recapture period 

resulted in a CV of zero for this estimate. The Lincoln-Petersen estimate that included 

only nicked individuals as marked was 102 (CV=0.9%). As in the case of the Lincoln-

Petersen estimate that considered all individuals as marked, we observed all the marked 

individuals in the recapture period, thus the imprecision of the abundance estimate 

results from the scaling effect of mark rate. Abundance estimates derived using 

photographs of either the left or right side were very similar to our estimates derived 

using photographs of both sides (Table 1), indicating that we were able to match the 

photographs to both sides reliably. We favour the use of abundance estimates that used 

photographs of both sides, hence our results indicate that there were 102 (CV=0.9%; 

95%CI: 100-104) bottlenose dolphins in Dusky Sound in February 2008. 

 

Table 1: Capture-recapture estimates of bottlenose dolphin abundance for the Dusky-

Breaksea Sound population in February 2008. 

Photographic 
Scenario 

Marking 
Scenario 

Estimate Std Error CV 
95% CI 

(Log-normal) 

Both Sides All Marked 102 0 - - 

Both Sides Nicked Marked 102 0.9 0.9% 100-104 

Left Side All Marked 101 0 - - 

Left Side Nicked Marked 101 1.2 1.2% 98-103 

Right Side All Marked 101 0.7 0.7% 100-103 

Right Side Nicked Marked 101 1.5 1.5% 99-105 

Abundance was estimated under different scenarios reflecting different assumptions concerning the use 

of subtle marks and the ability to match photographs from both sides of a dolphin dorsal fin (see methods 

for details). 
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Sex Prediction 

High quality laser photo-ID photographs were obtained for 98 out of a possible 102 

identified individuals, from which 79 dolphins had a dorsal fin base length exceeding 

34cm. The sample represented 98-99% of the adult and sub-adult population, as two of 

the four unmeasured individuals were newborn calves. The classification model derived 

from the Doubtful Sound bottlenose dolphins was applied to predict the sexes of the 79 

dolphins from Dusky Sound. Based on a 0.5 probability threshold, the model predicted 

that 42 dolphins were female and 37 dolphins were male. 

 

The sex of 24 of the dolphins in Dusky Sound was known and provided a sample to 

validate the predicted sexes. The predicted sex was correct for 75% (18/24) of the 

dolphins, with 4 females and 2 males being misclassified. Of the 24 known-sex 

individuals, 21 were female and 3 male. Females that were sexed by close association 

with a sub-adult or by direct observation were assigned the correct sex by the model. 

The four females that were misclassified as males were all sexually mature females. The 

two misclassified males were young, small sub-adults that only just exceeded the 

threshold of fin base length for inclusion in the model. 

 

The ratio of male to female dolphins (37:42) was not a statistically significant 

departure from the expected 1:1 ratio (goodness-of-fit G-test G = 0.31, d.f. = 1, P = 

0.575). When the erroneous sex assignments were corrected with the known-sex data, 

the ratio of male to female dolphins showed little change (35:44). Although this is 

more skewed towards females, it is not significantly different from the expected sex 

ratio (goodness-of-fit G-test G = 1.02, d.f. = 1, P = 0.312). 

 

Discussion 

This study provides the first estimate of bottlenose dolphin abundance in Dusky Sound. 

Using capture-recapture and census techniques we estimated that 102 bottlenose 

dolphins were resident in Dusky Sound over the study period. This abundance estimate 

includes all members of the population (i.e. adults, sub-adults and calves). As in 

previous studies of Fiordland bottlenose dolphins, we were able to produce a photo-

identification census of the entire population that was consistent with the capture-

recapture abundance estimate (Chapter 3). The congruence between the two 
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abundance techniques is a by-product of a high mark rate and intensive photo-

identification effort during the study period. 

 

Dolphin abundance is far higher in Dusky Sound compared to the neighboring 

population in Doubtful Sound (Chapter 3) for which there could be several reasons, 

including: (i) Dusky Sound is a larger fiord (approximately twice the surface area) and 

may have greater regions of suitable habitat enabling it to support a larger dolphin 

population; (ii) there may be fundamental ecological differences (i.e. different levels of 

local productivity) between the two fiords despite their close proximity, and (iii) that 

the higher level of anthropogenic impact in Doubtful Sound has a negative effect on 

dolphin abundance. 

 

The bottlenose dolphin population of Dusky Sound is nearly twice as large as that of 

Doubtful Sound; hence we expected that the number of newborn calves would reflect 

this. The birthrate in Doubtful Sound varies between 2 and 9 calves a year (Haase & 

Schneider 2001). Thus, in a population approximately double the size, it seems 

reasonable to expect between 4 and 18 births a year. Nine new season calves were 

sighted in Dusky Sound, which fits within the expected range. We cannot assess 

whether the low level of calf survival found in Doubtful Sound (Chapter 4) is also 

occurring in Dusky Sound until the number of calves that survive to next summer is 

known. Continued photo-identification monitoring of the population will be essential 

to assess future trends in calf and adult survival. 

 

Although declining survival of calves is most likely driving the population decline in 

Doubtful Sound (Chapters 4 & 5), it is important to establish if emigration to other 

fiords is a contributing factor. Bottlenose dolphins are highly social animals and 

migrant dolphins could increase their chances of survival by joining an established 

bottlenose dolphin population (Connor & Norris 1982). As far as we can tell, the 

Dusky Sound population experiences the least human impact of the dolphin 

populations in Fiordland (Appendix A). This may mean that individuals immigrating 

to Dusky Sound have a higher chance of survival and successfully joining the new 

population, compared to those emigrating to join the northern population. Despite 

this, we did not see any individuals in Dusky Sound that had been previously seen in 
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Doubtful Sound, either during the present study or during a previous 6-day survey of 

Dusky Sound in October 2006. The precision of the capture-recapture abundance 

estimate and the plateau of the discovery curve both give us confidence that we would 

have been unlikely to miss any Doubtful Sound individuals had they been present. To 

establish conclusively that each of these populations is effectively closed, surveys of the 

northern fiords, and repeated surveys of Dusky Sound are required. 

 

In Dusky Sound, dolphins were seen throughout the entire fiord system, with no 

apparent shift in distribution between early and late summer. This contrasts with the 

well-established pattern of seasonal movements within Doubtful Sound, where 

dolphins use the outer fiord in winter and spring before returning to the inner arms of 

the fiord to breed in summer and autumn (Schneider 1999; Currey & Rowe 2008). The 

seasonal distribution in Doubtful Sound is thought to be a response to seasonal changes 

in water temperature, but may also reflect shifts in productivity or prey distribution 

(Schneider 1999). Given that the two populations are located just 25 nautical miles 

apart at the fiord entrances, it is surprising that we did not observe either a shift in 

distribution or a preference for inshore waters in Dusky Sound. This suggests that the 

seasonal distribution observed in Doubtful Sound may be due to oceanographic 

conditions specific to the fiord, which may be influenced by freshwater discharge from 

the Manapouri hydroelectric power station. 

 

While the dolphin population in Dusky Sound is more abundant than the population 

in Doubtful Sound, it is still relatively small and hence inherently vulnerable to 

demographic stochasticity (Gilpin & Soule 1986). Skewed sex ratio is one potential 

demographic feature that can produce Allee effects (Stephens et al. 1999), via reduced 

reproductive rate at small population sizes, (Saether et al. 2004) and, potentially, 

changes in social structure (Lusseau & Newman 2004). In this context the near 1:1 

predicted sex ratio in the Dusky Sound population is somewhat reassuring. 

 

We made the assumption that the sex classification model derived from Doubtful 

Sound would be applicable in Dusky Sound on the basis of the close proximity of the 

populations. Dorsal fin morphology seems unlikely to vary over such a short range (see 

Bertellotti et al. 2002; Devlin et al. 2004; Shealer & Cleary 2007 for a similar 
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approach). When the predicted sexes were compared to a known-sex sample from 

Dusky Sound the model’s accuracy was 75%, well below the 93% achieved in Doubtful 

Sound. While the lower performance of the classification model in Dusky Sound could 

be due to unexpected morphological variation between the populations, it seems more 

likely a result of bias within the known-sex sample. 

 

In Dusky Sound, male and female dolphins are not equally available to be sexed. 

Further, different age groups are more likely to be sexed than others. Both males and 

females can be sexed by direct observation. In addition, sex can be inferred in females 

from close association with a calf or sub-adult. Opportunities to sex males, particularly 

mature males, are comparatively infrequent. This is because mature males very rarely 

approach the boat to bow ride, which is when most sex observations take place. The 

result is that the known-sex sample is not only highly skewed towards females, but also 

towards older females and younger males. This age-related bias is of consequence 

because older females will have accumulated more marks over time (Würsig & Jefferson 

1990), and in some cases, possess ‘male typical’ dorsal fins. The converse is true for 

some young males, who have yet to accumulate the scarring and nicks that characterise 

a male dorsal fin. In other words, these are the parts of the population in which the 

prediction approach works least well. We would expect that the model would predict 

sex correctly in more than 75% of individuals in an unbiased sample. 

 

One outcome of this study is the provision of sex ratio data for future population 

viability analyses. Until now this information would have taken years of opportunistic 

observations to collect, or require either invasive sampling or opportunistic fecal 

collection for molecular sexing. Using the current sex information as a base line, future 

studies can monitor changes in sex ratio over time and adapt management accordingly. 

These sex data also facilitate the collection of sex-specific information, such as survival 

rate, reproductive rate and severity of epidermal lesions. Sex-specific comparisons of 

these factors may help diagnose differences between the Doubtful Sound and Dusky 

Sound populations to help resolve the cause of the population decline in Doubtful 

Sound. 
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It should not be assumed that the bottlenose dolphin population in Dusky Sound 

represents a pristine and healthy population simply because dolphin abundance is high 

compared to Doubtful Sound. Fundamentally, it is a small, isolated population that 

requires ongoing conservation management. While our results provide a baseline 

estimate of dolphin abundance, they do not provide population trends. Clearly, 

continuation of consistent population monitoring is necessary for trends in abundance 

and survival rates to be assessed. In the absence of such information, precautionary 

management of human impacts is required to ensure population viability (Thompson et 

al. 2000). A long-term comparative study between the two populations is required to 

help clarify causes for the disparity in abundance and distribution patterns, which in 

turn, will shed further light on the decline in dolphin abundance in Doubtful Sound. 

Towards this end, precautionary management of Dusky Sound is advised, not just for 

the welfare of the population, but also to ensure the population can provide a 

meaningful yardstick for comparison to Doubtful Sound. While there are almost 

certainly some human impacts in Dusky Sound, its isolation affords it a significant 

degree of protection. Hence the insights gained here may be closer to what we would 

expect to have seen in Doubtful Sound without current levels of impact. This will only 

remain true if any future impacts to the Dusky Sound population are managed with a 

precautionary approach. 

 

Acknowledgements 

This project was funded by the New Zealand Department of Conservation. Special 

thanks go to our skipper Dave Johnson as well as Kath Blakemore, Greig Funnell, 

Richard Kinsey and Murray Willans who were instrumental in providing technical and 

logistical help. The New Zealand Whale and Dolphin Trust supplied research 

equipment. Fiordland Ecology Holidays supported a pilot study to Dusky Sound in 

2006. Finally, the Kakapo Recovery Team shared their hut and their hospitality with 

us. 

 



 

Chapter 7 

Comparative visual health assessment of bottlenose dolphins 

from Doubtful and Dusky Sounds using dorsal fin photographs 

and photogrammetry1,2 

 

The bottlenose dolphin (Tursiops truncatus) population in Doubtful Sound, New 

Zealand is declining and subject to impacts from tourism and habitat modification via 

freshwater discharge from a hydroelectric power station. In comparison, the bottlenose 

dolphin population in neighbouring Dusky Sound is larger and experiences fewer 

impacts. We used dorsal fin identification photographs from the both populations to 

compare levels of epidermal disease. Further, we used laser photogrammetry to measure 

the dorsal fin base length of calves (<1 year old) to assess differences in calf size and 

birth seasonality between the populations. Epidermal lesions were common in both 

populations (affecting >95% of individuals), but lesion severity was four times higher in 

Doubtful Sound. Within Doubtful Sound, lesion severity was higher for females than 

males. No such differences were observed in Dusky Sound. Calves were larger and were 

born over a wider period in Dusky Sound. The freshwater discharge into Doubtful 

Sound alters temperature and salinity regimes in the fiord, which may exacerbate 

naturally occurring epidermal disease. The increased incidence of disease in females 

and the smaller size of calves in Doubtful Sound may help to account for the low 

survival of calves in the population. The narrow calving season in Doubtful Sound may 

be an adaptation to localised temperature conditions. In order to tease apart the effects 

of water temperature on calving season, and examine the potential influence of the 

tailrace in Doubtful Sound, comparative studies of calving seasonality, calf survival, 

calf size, and sea-surface temperature are needed in both Dusky and Doubtful Sounds. 

                                                
1 Rowe, L. E., Currey, R. J. C., Johnson, D., & Dawson, S. M. submitted. Comparative visual health 

assessment of bottlenose dolphins from Doubtful and Dusky Sounds using dorsal fin photographs and 

photogrammetry. Endangered Species Research. 

2 Rowe, L. E., Currey, R. J. C., & Johnson, D. 2008. Comparative visual health assessment of bottlenose 

dolphins from Doubtful and Dusky Sounds using dorsal fin photographs and photogrammetry. Report for 

the Department of Conservation, Southland Conservancy, Invercargill, New Zealand. 27 pp. 
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Introduction 

The bottlenose dolphins of Fiordland (Tursiops truncatus) are thought to be the world’s 

southern-most resident groups of bottlenose dolphins (Bräger & Schneider 1998). 

The population inhabiting the Doubtful/Thompson Sound complex (referred to as 

Doubtful Sound) is experiencing a decline in abundance and survival, threatening the 

long-term viability of the population (Chapters 3-5; Appendix A). Over the past 12 

years the population declined by more than 34%, with just 56 individuals (CV=1.3%) 

residing in the fiord in February 2008 (Chapter 3; Currey & Rowe 2008). Population 

modelling demonstrates that a key factor in the population decline is the poor survival 

of calves in their first year of life (Chapter 4). The current calf survival rate is the 

lowest recorded for any bottlenose dolphin population (Chapter 4). 

 

The two main sources of potential impact on the Doubtful Sound population are 

tourism and habitat modification. A scenic cruise industry operates in Doubtful Sound 

year round, with the bottlenose dolphins forming a key resource (Lusseau 2005a). 

Disturbances from tour boat interactions result in behavioural change and 

consequently increased energetic costs, particularly for females (Lusseau 2003c; 2003b; 

2004; 2006; Appendix A). A newly established voluntary Code of Management 

restricts tour boat activity within Doubtful Sound, but a proposed multi-level marine 

mammal sanctuary has not been implemented (Lusseau & Higham 2004; Appendix 

A). 

 

The second potential source of impact on the Doubtful Sound population is habitat 

modification via freshwater input from the Manapouri hydroelectric power station. The 

power station discharges freshwater from Lake Manapouri into the head of Doubtful 

Sound, adding two to three times the natural catchment run-off of freshwater into the 

fiord (Gibbs et al. 2000). This increased freshwater inflow has caused substantial 

ecological changes to intertidal and infaunal communities within the fiord (Boyle et al. 

2001; Tallis et al. 2004; Rutger & Wing 2006). Recent demographic modelling has 

revealed key factors involved in the decline in bottlenose dolphin abundance in the 

fiord (Chapters 4 & 5). The survival of calves dropped by more than half to the current 

unsustainable level in 2002, coincident with the opening of a second tailrace tunnel 

from the power station and a subsequent increase in freshwater input (Chapter 4). It is 
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unclear whether this represents coincidence or causality, and the mechanism by which 

increased freshwater input could impact calf survival is unknown (Chapter 4). 

Nevertheless, management of this potential impact may be required. 

 

In light of the population decline in Doubtful Sound, ascertaining the present status of 

the remaining bottlenose dolphin populations in Fiordland has become crucial. 

Consequently, recent research has focused on the least studied of the three Fiordland 

bottlenose dolphin populations: a group that appears to be resident in the 

Dusky/Breaksea Sound Complex (referred to as Dusky Sound). Dusky Sound receives 

only natural freshwater runoff and because of its isolation, experiences much lower 

levels of tourism than Doubtful Sound (Lusseau 2004). In February 2008 there were 

102 (CV = 0.9%) bottlenose dolphins in Dusky Sound (Chapter 6). Presently there is 

no information available on population trends or calf survival. Given that the Dusky 

Sound bottlenose dolphin population appears to be exposed to fewer impacts (e.g. 

Appendix A), it could provide data that help explain the decline in abundance and 

calf survival in Doubtful Sound (Chapter 6). 

 

Knowledge of wildlife health is critical for conservation management because the 

occurrence and spread of disease may be sensitive indicators of a change in the ecology 

of a population (Junge & Louis 2005). The health status of different bottlenose dolphin 

populations can be compared to determine the effect of different anthropogenic 

impacts affecting ecosystems. For example, Reif et al. (2008) compared the health of 

two bottlenose dolphin populations in the south-eastern United States in habitats that 

experience different degrees of land use, industrialisation and anthropogenic 

contaminants. The health assessment of Reif et al. (2008), like many other health 

assessment programmes for coastal bottlenose dolphins, requires invasive techniques 

that either involve live capture of individuals or biopsy darting to collect blood and 

tissue samples (e.g. Berrow et al. 2002; Wells et al. 2004; Fair et al. 2006). For 

endangered or declining populations such invasive techniques could be regarded as 

inappropriate if their application could result in the death of individuals (e.g. Bearzi 

2000), thereby threatening population viability. Recently, photography and 

photogrammetry have emerged as powerful non-invasive tools that researchers can 
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apply to evaluate the health status of individual whales and dolphins (Harzen & 

Brunnick 1997; Wilson et al. 1997a; Perryman & Lynn 2002; Pettis et al. 2004). 

The aim of this study was to compare the health status of bottlenose dolphins in 

Doubtful Sound, a population experiencing tourism impacts and habitat modification, 

and in Dusky Sound, where such impacts are minimal. Photographic evaluation of skin 

condition was employed to assess the occurrence of epidermal lesions, which are 

common among bottlenose dolphins exposed to cold water and low salinity (Wilson et 

al. 1999b). Using dorsal fin photographs we compared the severity and prevalence of 

epidermal disease between the two fiords. Within each fiord we examined differences 

by gender. Further, we used laser-photogrammetry (Durban & Parsons 2006; Rowe & 

Dawson in press-a), termed laser photo-ID, to measure the dorsal fin base length of 

“newborn” (i.e. young-of-the-year) calves from both fiords with the aim of gathering 

morphometric data on the members of the population for which survival is especially 

poor. In other bottlenose dolphin populations, poor calf condition is the primary cause 

of mortality (Mann & Watson-Capps 2005). Hence laser photo-ID of newborn calves 

could reveal a link between calf size and survival. 

 

Methods 

Data Collection 

Dorsal fin photographs were collected during a series of field trips to 

Doubtful/Thompson Sound complex (45°30' S; 167°00' E) and Dusky/Breaksea Sound 

complex (45°45' S; 166°35' E) (see Chapter 2). We visited both sites in November-

December 2007 (early summer), February-March 2008 (late summer) and June-July 

2008 (winter). Photographs were taken from a 5.5m aluminium-hulled vessel, Patio 1, 

powered by a 90hp two-stroke outboard engine. We conducted daily systematic surveys 

of both fiords that followed a pre-determined route in order to locate any persistently 

isolated dolphin groups (Schneider 1999; Chapter 2). Once dolphins were 

encountered, the survey route was suspended and the vessel approached the dolphins in 

accordance with the Marine Mammal Protection Regulations and the code of practice 

developed by Schneider (1999). Photographic effort began when the vessel was within 

approximately 15m of a dolphin group. 
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Photo-identification 

Dorsal fin photo-identification allows individual dolphins to be identified by unique 

patterns in naturally occurring marks (Würsig & Würsig 1977). Markings such as nicks 

in the trailing edge of the dorsal fin are essentially permanent and enable individuals to 

be repeatedly identified over many years. In comparison, tooth rakes, scars, 

pigmentation patterns, and lesioning are subtle, temporary marks that allow 

identification of un-nicked individuals over short periods (Wilson et al. 1999a). High-

intensity field effort during the study period ensured that subtly marked animals could 

be identified and consistently re-sighted. Each new photograph was compared with, 

and matched to, previously identified individuals in the current photo-identification 

catalogue (Chapters 3 & 6). To minimise the chance of misidentification, photographs 

were required to be well exposed, in sharp focus, with the dorsal fin orientated parallel 

to, and occupying a large proportion of the frame. Photographs were taken with a 

Nikon digital SLR camera (Nikon D70s) equipped with an AF Nikkor lens (80-200 

mm f2.8 or 70-200 mm f2.8 VR).  

 

Severity of epidermal lesions 

Cetaceans suffering from epidermal diseases often possess highly visible residual 

markings in the form of lesions: a phenomenon that has been documented among 

bottlenose dolphins in the past (Thompson & Hammond 1992; Wilson et al. 1997a; 

Wilson et al. 1999b; Wilson et al. 2000). While the agents that cause epidermal lesions 

are incompletely known, there is a positive correlation between low water temperature 

and salinity and the severity of epidermal lesions (Wilson et al. 1999b). These 

conditions may compromise epidermal integrity, allowing infection by microbes in the 

surrounding environment (Wilson et al. 1999b). Lesion severity develops over time 

(Wilson et al. 2000) and a previous study of lesion severity in Doubtful Sound focused 

on animals older than four years (Rowe & Dawson in press-b). To facilitate 

comparison, we limited our analysis to the same age group. Exclusion of animals 

younger than four years was simple in Doubtful Sound because the population has been 

studied since 1990 (Williams et al. 1993) and there are minimum age estimates for the 

entire population. Similar age estimates were not available for the Dusky Sound 

population. The dolphins from Dusky Sound were classified as younger or older than 
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four years based on the base length of their dorsal fin exceeding a threshold 

measurement derived from four year old individuals from Doubtful Sound (Chapter 6). 

 

Gender-specific differences in the rate of epidermal lesioning have been observed in 

Moray Firth and Doubtful Sound (Wilson et al. 1997a; Rowe & Dawson in press-b). 

Due to the long-term nature of the research in Doubtful Sound, all individuals older 

than four years had been sexed by underwater video or opportunistic observation. 

Females were sexed either by observation of their genital region and the presence of 

mammary slits or by consistent association with a calf. Males were sexed by observation 

of their genital region or an erect penis. The Dusky Sound population is far less studied, 

and only a few individuals have been sexed by opportunistic observations. However, 79 

animals older than four years have had their sexes predicted based on a morphometric 

model (Chapter 6). We used either the observed sex or the predicted sex to stratify the 

Dusky Sound data set into males and females. 

 

Epidermal lesions were identified by their physical characteristics following Wilson et 

al. (1997a). Lesions may appear as white, black or blue-greyish plaque-like patches with 

sharp or indistinct edges and include circular, outline, and amorphous shapes (Wilson 

et al. 1997a). Lesions are distinct from scarred areas, which are composed of scratch 

marks and tooth rakes, as well as scar tissue resulting from direct physical injury rather 

than disease. To provide a measure of lesion severity, the proportion of an individual’s 

dorsal fin covered by lesions was measured following methods developed by Rowe and 

Dawson (Rowe & Dawson in press-b). The highest quality photograph of each 

individual’s fin was selected and the image of the dorsal fin extracted from the 

background using the extract tool in Adobe Photoshop (version 7.0, Adobe Systems Inc, 

California). The extracted image was cropped at the dorsal fin baseline and the 

perimeter of individual lesions was traced. In ImageJ (version 1.37, National Institute of 

Health, USA) the area of the traced lesions was selected by a threshold technique and 

expressed as a percentage of the total area of the dorsal fin (Figure 1) To eliminate any 

affect of season on lesion severity we only analysed photographs that were taken during 

the late summer fieldtrips. To ensure consistency, all image selection, manipulations, 

and measurements were made by the same person (LER). 
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Figure 1: An example of an extracted bottlenose dolphin dorsal fin image (left). Black 

marks represent the traced areas epidermal lesions (right). This dorsal fin had 

epidermal lesions covering 11.4% of its surface area. 

 

Laser photogrammetry 

Laser photogrammetry (laser photo-ID), also known as laser-metrics, uses two parallel 

lasers that project dots a known distance apart onto the object being photographed. 

Laser pointers are fixed 100mm apart inside a rectangular plastic mounting block that 

attaches directly to the camera. Provided the object of interest is perpendicular to the 

axis of the lasers, measurements are possible at any range over which the dots are 

visible. Laser photo-ID has been used to obtain measurements of the dorsal fins of free-

ranging killer whales (Durban & Parsons 2006) and bottlenose dolphins (Rowe & 

Dawson in press-a).  

 

The system was calibrated daily by photographing the laser projection on a grid with  

100mm divisions. In the program ImageJ, a scale for the photograph was set by allowing 

the number of pixels between a grid division to equal 100mm. Then the distance 

between the laser dots was measured and corrected to 100mm by adjusting a bolt in the 

mounting block. After adjustments were made another photograph was taken to 

confirm that the inter-dot distance was 100mm ± 1mm over a distance of 15m. We 

calibrated the lasers at a distance of 15m on land because it ensured the 100mm 

separation would be constant over the range photography was conducted. Any 

photographs taken at range greater than 15m were rejected during quality grading, as 

the dorsal fin did not occupy a large enough proportion of the frame. During 

photographic effort the distance between the laser dots was checked regularly to ensure 
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the 100mm alignment by projecting the lasers on to a measurement grid onboard the 

boat. 

 

Laser photo-ID, as with all photogrammetric techniques, has a degree of bias and 

measurement error (Gingras et al. 1998; Durban & Parsons 2006). Non-parallel 

alignment of the laser pointers is a potential source of bias, but can be controlled by 

using sturdy laser mounts, conducting regular calibrations, and by constraining the 

range within photographs are taken (Gingras et al. 1998). Parallax error occurs when 

the dolphin surfaces on an angle with their dorsal fin not perpendicular to the 

photographer, and creates a negative bias. A trigonometric analysis indicated that the 

effect of slight deviations (< 10°) from perpendicular is minimal (Rowe & Dawson in 

press-a). Larger deviations from perpendicular could be detected in the field, and the 

photograph would not have been taken. Laser photo-ID photographs were subject to 

the same quality grading procedures at described above for photo-identification, with 

the addition that the laser dots were required to be clearly visible in each photograph. 

 

We used laser photo-ID to measure the dorsal fin base length (DBL) of calves (<1 year 

old). Dorsal fin base length is a straight-line distance that runs parallel to the long axis 

of the body and has the strongest relationship with total length of the characters able 

to be measured from a dorsal fin (Webster 2008). Calves were easily identified in 

Doubtful Sound because consistent photo-identification study of the population meant 

all dolphins born since 2004 were of known age. In Dusky Sound we classified a 

dolphin as a calf based on observations of size relative to the mother, depth of foetal 

folds and erratic surfacing behaviour (Whitehead & Mann 2000). Compared to adult 

dolphins, the dorsal fins of calves offer a considerably smaller target to aim the laser 

pointers at, and most high quality photographs had the laser dots projected onto the 

upper flank and not the dorsal fin. We included photographs with the laser dots 

projected onto the upper flank in our analysis because the distance between the dorsal 

fin and the upper flank is trivial compared to the distance at which the photograph was 

taken. Laser photo-ID studies of other species found no detectable difference between 

measurements made from photographs with the laser dots on the upper flank instead of 

the dorsal fin (Webster 2008). 
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The lower margin of the dorsal fin was defined by using the prominent crease to 

indicate the anterior insertion point of the dorsal fin. The posterior insertion point was 

defined by drawing a reference line that followed the main axis of the back. The point 

where the plane of the back deviated to the plane of the dorsal fin was defined as the 

posterior insertion point. Intaglio (version 2.9.4, Purgatory Design) was used to draw the 

reference lines make measurements of dorsal fin base length (Figure 2). All 

measurements were calibrated to actual size using the laser dots on the fin. A dorsal fin 

base length estimate was only calculated if there were multiple high-quality 

photographs of an individual calf.  The measurement error associated with this 

technique has been quantified (Rowe & Dawson in press-a) and is sufficiently small 

(ME = 5.17%) that replicate measurements of the same individual were averaged for 

further analysis. 

 

Statistical Analysis 

The measurements of lesion severity were not normally distributed so non-parametric 

testing was used for analysis. Wilcoxon rank sum tests of lesion severity between 

Doubtful and Dusky Sound, and between the sexes within each fiord were performed in 

JMP 6.0 (SAS Institute Inc, Cary, NC). Laser photo-ID photographs were taken of 

calves over the three periods of fieldwork. However we possessed insufficient 

corresponding samples to enable analyses using repeated measures. Hence we used 

unpaired two-tailed t-tests to compare measurements of calves when first observed in 

both fiords, and between calves from Dusky Sound that were first observed during the 

first two field trips and those first observed during the winter field trip. 
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Figure 2: The two fixed-distance laser dots (top) projected onto the upper flank of a 

bottlenose dolphin calf (<1 year old). Dorsal fin base length (DBL) was measured from 

the photograph (bottom). Measurements were calibrated to actual size based on the 

measured dimensions between the laser dots (I). 

 

Results 

Epidermal Lesions 

Photo-identification pictures of the dorsal fins of 121 individual bottlenose dolphins 

(42 from Doubtful Sound, 79 from Dusky Sound) were analysed for epidermal lesion 

prevalence and severity. The sample represented 98% of the sub-adult and adult 

dolphins (>4 years old) in each fiord. Epidermal lesions were prevalent across both 

populations (100% in Doubtful Sound, 96.2% in Dusky Sound), but dolphins from 

Doubtful Sound had a significantly larger proportion of their dorsal fin covered in 

lesions than those in Dusky Sound (Wilcoxon rank-sum test, Z = 6.460; P < 0.0001). 

The median percentage coverage of lesions in Doubtful Sound was 6.23% (Inter-
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quartile range [IQR]: 4.34-10.24), four times the median percentage coverage of 1.48% 

(IQR: 0.61-2.62) in Dusky Sound. Within Doubtful Sound the severity of epidermal 

lesions was significantly higher for females than males (Wilcoxon rank-sum test, Z = -

2.25; P < 0.024; Figure 4) but no gender differences were observed in Dusky Sound 

(Wilcoxon rank-sum test, Z = -0.16; P = 0.875; Figure 4). The most severe case of 

lesioning was a female from Doubtful Sound that had lesions covering 82.9% of its 

dorsal fin, and lesions appeared to cover the entire flank of the animal (Figure 3). 

 

 

Figure 3: Female bottlenose dolphin from Doubtful Sound with a severe case of 

epidermal lesions. 
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Figure 4: Box and whisker plot showing percentage of dorsal fin surface area covered 

by epidermal lesions in bottlenose dolphins from Doubtful and Dusky Sounds. 

Whiskers show minimum and maximum values; boxes show lower and upper quartile; 

midlines show medians; and circles show outliers. Values above each box represent 

number of individuals in each sample. 
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Calf dorsal fin size 

A total of 16 calves were observed over the study period, four in Doubtful Sound and 

12 in Dusky Sound. Laser photo-ID photographs were taken of calves over the three 

periods of fieldwork, but due to the staggered nature of the births, only two calves were 

photographed in all three periods. Some calves were observed during a field trip but 

were not photographed with sufficient replication to allow a measurement estimate to 

be calculated. Thus size estimates were not available for every individual from each 

field trip. New calves were observed during all three field trips to Dusky Sound, but 

only in the late summer trip to Doubtful Sound. Late summer was when most of the 

Dusky Sound calves were first sighted (6 of 12) with three calves born before each of 

the other fieldtrips. Replicate laser photo-ID photographs were obtained for 15 of the 

16 calves. A total of 143 laser photo-ID photographs of calves were measured (average 

5.9 photographs per individual per field trip, range 2-11). Calves from Doubtful Sound 

were smaller at first observation than those from Dusky Sound (unpaired t-test, df =9, P 

= 0.043), suggesting that calves from Doubtful Sound are smaller when born than those 

in Dusky Sound (Figure 5). We recommend that this result be interpreted cautiously: 

because of constraints on the duration and timing of our sampling trips, we were not 

able to estimate time of birth with great accuracy and therefore size and age may be 

confounded in this result. 

 

Three new calves were observed during the winter fieldtrip to Dusky Sound. These 

calves were significantly smaller in DBL than the calves observed in the early and late 

summer (unpaired t-test, df =6, P = 0.003). If these calves were present in the summer 

but were not sighted we would have expected them to be similar in size to the other 

calves. The fact that they are significantly smaller indicates that they were born after 

the late summer field trip, between March and July. One of the calves first observed in 

July (Oke) has a DBL similar to some of the calves that were less than 2 months old 

during the late summer trip (Figure 5), which suggests it was born very late in the 

season, perhaps in May or June. It is interesting to note that the smallest calf measured 

in this study was from Doubtful Sound and this individual was not sighted in July 

despite repeated sightings of its presumed mother. 
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Figure 5: Box and whisker plot showing dorsal fin base length of bottlenose dolphin 

calves (<1 year old) from Dusky Sound and Doubtful Sound during a series of field trips 

between Nov-Dec 2009, Feb-Mar 2008 and Jun-Jul 2008. Whiskers show minimum 

and maximum values; boxes show lower and upper quartile; and midlines show 

medians. 
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Discussion 

Epidermal disease appears to occur in all coastal populations of bottlenose dolphins 

(Wilson et al. 1999b). Resident populations at high latitudes, representing the 

extremes of the species’ distribution, exhibit the greatest severity of epidermal lesions 

(Wilson et al. 1999b). The Fiordland bottlenose dolphins are the southern-most 

resident populations of bottlenose dolphins (Bräger & Schneider 1998). The poor 

epidermal condition of dolphins in Doubtful Sound was considered by Wilson et al. 

(1999b) to be a result of physiological stresses associated with a being frontier group. 

Considering the geographic proximity of Doubtful and Dusky Sounds, the much higher 

severity of epidermal lesions in Doubtful Sound indicates the lesion severity is not 

simply a function of living at high-latitude, and is a result of factors specific to a 

population’s habitat.  

 

The findings of the present study are consistent with the established positive 

correlation between low water temperature and salinity and the severity of epidermal 

lesions (Wilson et al. 1999b). The high annual rainfall in the Fiordland region (>7000 

mm yr) results in a well-defined low salinity layer on the surface of the fiords (Stanton 

& Pickard 1981). The presence of the low salinity layer (LSL) is a natural feature of 

fiord systems but is considerably more prominent in Doubtful Sound due to additional 

freshwater discharge from the Manapouri hydroelectric power plant (Gibbs 2001). The 

influx of freshwater from the power station tailrace amounts to two to three times the 

natural catchment run-off, augmenting the naturally occurring LSL (Gibbs et al. 2000). 

The Doubtful Sound population’s exposure to a deeper and more expansive LSL may 

explain the higher severity of epidermal lesions. Continual exposure to the augmented 

low salinity layer may exacerbate naturally occurring epidermal disease. 

 

The fresh water discharge from the power station may intensify epidermal disease in the 

fiord, but it alone cannot explain the disparity in lesion severity between the sexes. 

Dolphins in Doubtful Sound live in mixed-sex schools (Lusseau et al. 2003) and 

therefore encounter broadly the same temperature and salinity regimes. One 

explanation for the higher severity of epidermal disease in females is that they are 

exposed to the freshwater layer on the surface of the fiord more than males. Females 
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that are accompanied by calves may spend more time near the surface because their 

calves do not need to spend time at depth to forage, but this has not been quantified.  

 

Another explanation is that the difference in lesion severity may result from the 

different physiological constraints between the sexes. On average, females in Doubtful 

Sound have shorter dive intervals than males. This could be a result of higher energetic 

demands (Lusseau 2003b) arising from pregnancy and lactation (Cheal & Gales 1992), 

as well as increased thermal stress from the cold-water environment due to their smaller 

body size (Read et al. 1993; Tolley et al. 1995). Lusseau (2003b) argued that the fact 

that females react to tour boat disturbance later than males indicates that females are 

more physiologically constrained (i.e., cannot afford to react earlier). If boat 

interactions do incur a greater biological cost to females, and that cost is combined 

with additional energetic demands, the result could be that females are experiencing 

greater physiological stress.  

 

In a variety of species, environmental factors have been shown to cause physiological 

stress that is manifested by reduced survival, reproductive rate and resistance to disease 

(Moberg & Mench 2000; St Aubin & Dierauf 2001). High levels of epidermal disease 

in bottlenose dolphins are thought to indicate depressed or overworked immune 

systems that would normally counteract such disease (Harzen & Brunnick 1997). The 

severity of epidermal lesions suggests that female dolphins in Doubtful Sound are 

physiologically stressed, most probably by several cumulative impacts. The altered 

temperature and salinity regime in the fiord may exacerbate natural levels of epidermal 

disease. The additional energetic costs associated with disturbance from tour boats 

(Lusseau 2003c; 2003b; 2006) could lead to increased physiological stress, which in 

turn may depress their immune response to epidermal disease. Increased physiological 

stress and reduced immunity in females may help to account for the high incidence of 

stillbirths and the low survival of calves in Doubtful Sound (Chapters 3 & 4; Appendix 

A). 

 

For bottlenose dolphin populations with seasonal breeding, calving usually peaks 

between summer and autumn, coinciding with the highest water temperatures (e.g. 

Bearzi et al. 1997; Moller & Harcourt 1998; Mann et al. 2000). Aside from water 
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temperature, seasonal calving may also be associated with peak periods of food 

availability to allow mothers access to maximum resources (Oftedal 1984; Urian et al. 

1996). In Doubtful Sound almost all births occur within a short summer season from 

December to February (Haase & Schneider 2001). During this study, all of the calves 

in Doubtful Sound and 6 of the 12 calves from Dusky Sound were born within the 

described birthing season. The remaining six calves from Dusky Sound were born 

outside this period. Our results, albeit spanning a single year, suggest that calving may 

not be as strictly seasonal in Dusky Sound as observed in Doubtful Sound. Three calves 

from Dusky Sound were born between mid March and July, but we suspect, based on 

dorsal fin base length and observations of surfacing behaviour, that one of these calves 

was less than 2 months old when first observed in July. Our results suggest that in 

Dusky Sound the number of births peaks during January and February as it does in 

Doubtful Sound. The distribution of births, however, appears to be wider in Dusky 

Sound, extending from early December to May or June. This pattern would be similar 

to that observed in a bottlenose dolphin population in the Bay of Islands, New 

Zealand, where births peak in summer months but occur between November and July 

(Constantine 2002). 

 

Variation in the timing of breeding and calving can vary among conspecific, same-

latitude, populations due to females in each population adapting to local conditions 

(Börjesson & Read 2003). For example, three populations of bottlenose dolphins at 

similar latitudes in the southeastern USA differ greatly in reproductive seasonality in 

apparent response to variation in seasonal prey availability (Urian et al. 1996). Births 

in Doubtful Sound are strongly associated with the periods of highest surface water 

temperature; birthing during the warmest months may help the thinly insulated calves 

avoid thermal stress (Haase & Schneider 2001). Prior to our work in Dusky Sound, we 

would have expected to find a very similar calving season: yet is appears to be wider. 

This suggests that the Dusky Sound dolphins may experience less thermal stress, despite 

being marginally further south. Several questions emerge: Do the dolphins in Dusky 

Sound experience a different temperature regime to those in Doubtful Sound, enabling 

them to calve over a wider period (i.e., the surface water is warmer for a longer period)? 

Have females in Doubtful Sound adapted to the altered surface temperature regime in 

Doubtful Sound by restricting calving to the warmest three months of the year? Lack of 
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sea-surface temperatures (SST) data from Dusky Sound means that these questions 

cannot yet be answered.  

 

The surface waters in Doubtful Sound show dramatic seasonal fluctuations in 

temperature compared to the underlying marine layer. This variation corresponds with 

peak periods of discharge from power station tailrace (Gibbs 2001; Mabin 2008). We 

suggest that the narrow breeding season in Doubtful Sound may be a response to the 

temperature fluctuations in the augmented LSL. This hypothesis requires testing via 

comparative studies of SST and the timing of births across the two fiords. Additionally, 

future research effort in Dusky Sound will need to be more frequent or span longer 

periods to increase the precision of estimated time of birth and enable the length of the 

calving season to be assessed more precisely. Clearly, collection of comparative SST 

data needs to be a routine part of any future monitoring. 

 

Size and condition are the most important factors influencing calf mortality (Mann & 

Watson-Capps 2005). We found that calves in Doubtful Sound were smaller at first 

observation that those in Dusky Sound. Could small calf size be playing a role in the 

poor calf survival in the fiord? To answer this question, calf size and mortality will need 

to be measured over multiple years and time of birth estimated with greater precision. 

This may require more intense monitoring than is currently in place. Smaller calves are 

more vulnerable to thermal stress due to a thin blubber layer and unfavourable the 

surface area to volume ratio (Struntz et al. 2004). The possibility that females in 

Doubtful Sound are giving birth to smaller calves raises concerns about maternal 

condition. Poor maternal condition may also play a role in calf survival, as mothers 

may not be able to sustain the high energetic demands of prolonged lactation (Cheal & 

Gales 1992).  

 

The poor survival of calves in Doubtful Sound is a key factor the population decline 

(Chapters 3-5), and unfortunately calves are the members of the population that are 

most difficult to gather data from. Using laser photo-ID, we have developed a way to 

gather elusive morphometric data from living calves. Laser photo-ID photographs taken 

of calves over several summers could investigate if there is a link between size and 

mortality in Doubtful Sound. It will be essential to obtain laser photo-ID photographs 
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of all calves, including those that subsequently die, to ensure data are not biased 

towards survivors. In a population with such high rates of perinatal mortality this will 

require high-intensity fieldwork during the summer months to enable researchers to 

observe calves shortly after birth and to gain sufficient replicate laser photo-ID 

photographs.  

 

The higher severity of epidermal disease in females than males in Doubtful Sound is an 

indication that females may be experiencing cumulative impacts, most likely from the 

freshwater discharge and tour boat interactions. Fishing is an additional human activity 

with potential effects on the Doubtful Sound dolphin population. Bycatch is not 

considered an issue due to the absence of gillnet or trawl fisheries within the fiords, but 

past fishing practices have led to declines in Fiordland fish stocks (Beentjes & Carbines 

2005). Given that the Doubtful Sound dolphins are reliant on local productivity 

(Lusseau & Wing 2006) a depletion of prey may have an impact on the condition and 

health of mothers and consequently the survival of calves in the population.  

 

The results from this study add to a growing body of evidence that suggests the 

freshwater discharge from the Manapouri power station is having a negative impact on 

the bottlenose dolphins of Doubtful Sound. The steep decline in dolphin abundance is 

Doubtful Sound is driven by a decline in calf survival that is coincident with the 

opening of the second tailrace tunnel (Chapter 4). The clear seasonal changes in the 

distribution of the Doubtful Sound population (Schneider 1999), previously thought to 

be an adaptation to life at high-latitude, are not obvious in Dusky Sound (Chapter 6). 

It is possible that these changes in distribution are an avoidance response to cold 

temperatures in the inner fiord during peak tailrace flow in spring (Chapter 6). In this 

report we have quantified levels of epidermal disease, a condition correlated with low 

salinity and water temperature, and found them to be significantly higher in Doubtful 

Sound than in Dusky Sound. The additional freshwater discharge from the power 

station may exacerbate epidermal disease in the population, with an undetermined 

effect on health of affected individuals. Although our results are preliminary, they also 

indicate that the narrow calving season in Doubtful Sound may not be consistent 

across Fiordland, and could be an adaptation to localised temperature conditions 

within Doubtful Sound.  We reiterate the call of previous studies to initiate 
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precautionary management of the potential impacts of the freshwater discharge into 

Doubtful Sound. Logical managements steps included reducing discharge to pre-2002 

levels and limiting discharge in spring and summer when dolphins are in late 

pregnancy and calving (Chapters 4 & 6). 
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Chapter 8 

An approach for regional threat assessment under 

IUCN Red List criteria that is robust to uncertainty: The 

Fiordland bottlenose dolphins are critically endangered1 

 

Numerous globally abundant species are exposed to human impacts that threaten the 

viability of regional populations. Assessing and characterising the risks faced by these 

populations can have significant implications for biodiversity conservation, given the 

ecological importance of many such species. To address these risks, the IUCN is 

starting to conduct assessments of regional populations in addition to species-level 

assessments of conservation status. Here, we demonstrate a threat assessment process 

that is robust to uncertainty, applying the IUCN criteria to a regional population of 

bottlenose dolphins in Fiordland, New Zealand. We compiled available population–

specific information to assess the population under the five Red List criteria. We 

estimated there were 205 Fiordland bottlenose dolphins (CV = 3.5%), using current 

estimates of abundance for two sub–populations and stochastic modelling of an earlier 

estimate for the third sub–population. Population trajectory and extinction risk were 

assessed using stochastic age–structured Leslie matrix population models. The majority 

of model runs met the criteria for classification as Critically Endangered (C1: 67.6% of 

runs) given the number of mature individuals (123; CV = 6.7%) and the predicted rate 

of population decline (average decline: 31.4% over one generation). The evidence of 

isolation of the population confirms this was an appropriate regional classification. This 

approach provided an assessment that was robust to uncertainty. 

                                                
1 Currey, R. J. C., Dawson, S. M., & Slooten, E. 2009. An approach for regional threat assessment under 

IUCN Red List criteria that is robust to uncertainty: the Fiordland bottlenose dolphins are critically 

endangered. Biological Conservation 142(8): 1570-1579. DOI: 10.1016/j.biocon.2009.02.036. 
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Introduction 

Threatened populations, unless they are of endemic species or genetically isolated, are 

frequently overlooked when establishing priorities for biodiversity conservation. This is 

a generic problem: examples of once-common species sliding towards extinction 

abound in the conservation literature, and occur in terrestrial and marine 

environments (e.g. Casey & Myers 1998). Failure to recognise the decline, and take 

appropriate action, are key factors in this phenomenon. In response to this, the IUCN 

has provided a framework for assessing threatened status of regional populations (IUCN 

2003). Here, we apply the IUCN Red List criteria (IUCN 2001; 2003) to demonstrate 

a quantitative assessment process that is robust to uncertainty. Our focus on a coastal 

cetacean population is justified by the established risks faced by coastal cetaceans in 

many areas (Reeves et al. 2003; IUCN 2008), the ecological importance of these 

animals in coastal communities and the potential for cetaceans to be used as flagship 

species for more broadly-based conservation efforts. 

 

Bottlenose dolphins (Tursiops spp.) are perhaps the most familiar and studied cetacean 

species (Leatherwood & Reeves 1990; Wells & Scott 1999). Despite decades of 

research, their extensive geographic range has hampered efforts to assess global threat 

status (Reeves & Leatherwood 1994; Reeves et al. 2003). Common bottlenose dolphins 

(T. truncatus) have recently been classified as Least Concern in the 2008 update of the 

IUCN Red List while Indo-Pacific bottlenose dolphins (T. aduncus) remain classified 

as Data Deficient (IUCN 2008). While there is presently no evidence to suggest that 

bottlenose dolphins are threatened globally, many regional populations are threatened 

due to human impacts that include hunting, incidental catch, pollution and prey 

depletion (Wells & Scott 1999; Reeves et al. 2003). They share this fate with 

numerous other globally abundant coastal and riverine dolphin species: many are 

exposed to levels of human impact that may threaten local populations (Reeves et al. 

2003). Examples include common dolphins (Delphinus delphis) in the Mediterranean 

Sea (Bearzi et al. 2003), dusky dolphins (Lagenorhynchus obscurus) off Peru (Van 

Waerebeek et al. 1997), and Irrawaddy dolphins (Orcaella brevirostris) of the Mahakam 

River in Borneo (Kreb & Budiono 2005). Coastal populations are especially vulnerable 

because they often have restricted geographic ranges, disjunct distributions, and limited 

movements (Reeves et al. 2003). 
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Decline or extirpation of regional populations of coastal dolphins could have 

significant ecological effects on community structure and species endemic to that 

region, given their role as apex predators. One example of the potential scope of effects 

is the trophic cascade apparently caused by increased killer whale (Orcinus orca) 

predation on sea otters in western Alaska (Estes et al. 1998). It has been suggested that 

a decline in the sea otter population on Adak Island of approximately 40,000 

individuals (78%) over 6 years, resulting in an eight-fold increase in sea urchin biomass 

and a twelve-fold decrease in kelp density, was a result of a prey switch by as few as four 

individual killer whales (Estes et al. 1998). Given that relatively small changes in 

predator ecology can have significant impacts on ecosystems, assessing and managing 

the threats to regional populations of coastal dolphins should be viewed as an 

important component of global biodiversity conservation. 

 

In order to provide a meaningful assessment of regional populations, a standardised 

approach is required. The IUCN Red List criteria (IUCN 2001) provide a universally 

recognised guide for assessing the level of threat to a species. This approach has 

recently been adapted for regional populations (IUCN 2003). Seven regional 

populations of coastal dolphins have been assessed under this framework and classified 

as Critically Endangered: Maui’s dolphins (Cephalorhynchus hectori maui), an endemic 

sub-species of Hector’s dolphins confined to the west coast of the North Island of New 

Zealand, the Eastern Taiwan Strait population of humpback dolphins (Sousa chinensis), 

and five separate populations of Irrawaddy dolphins (Orcaella brevirostris) in South East 

Asia (Reeves et al. 2003; IUCN 2008). Many other populations are likely to meet the 

criteria, but have not yet been assessed. 

 

The Fiordland bottlenose dolphins (Tursiops truncatus) comprise a regional population 

(sensu IUCN 2003) located at the southern limit of the species’ worldwide range, 

apparently isolated from other coastal New Zealand populations (Tezanos-Pinto et al. 

2008). The population is subdivided into three sub-populations (sensu IUCN 2003): two 

sub-populations are found within the complexes formed by Doubtful and Thompson 

Sounds, and Dusky and Breaksea Sounds while one sub-population ranges along the 

northern Fiordland coast (Bräger & Schneider 1998; Lusseau & Slooten 2002). One 

sub-population (Doubtful-Thompson) has declined by at least 34% over 12 years 
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(Chapter 3). Demographic analyses show that this decline is driven by a dramatic 

reduction in calf survival (Chapters 4 & 5). The most likely causal factors are impacts 

of interactions with tour boats (Lusseau 2003c; 2003b; 2004; 2006) and freshwater 

discharge from a hydroelectric power station (Chapter 4). Significant tourism impacts 

occur also in the Northern Fiordland sub-population (Lusseau 2005b), and there is 

potential for increased tourism exposure for the Dusky-Breaksea sub-population in the 

future. In addition, there is an application lodged for substantially increased discharge 

from the hydroelectric power station. Clearly, an assessment of the threat status of this 

population is required. 

 

The objective of this study was to assess the threat status of a regional population of 

bottlenose dolphins in Fiordland, New Zealand, via modelling the population with 

respect to the IUCN Red List regional criteria (IUCN 2001; 2003). To do this we 

estimated the population’s abundance, geographic range and quantified rates of 

population decline and extinction risk while considering scenarios with differing levels 

of survival and movement between sub-populations. Our assessment considers all 

classification categories in order to produce a threat classification that is robust to 

uncertainty. 

 

Methods 

Application of IUCN Red List Criteria 

A threatened population may be classified as Critically Endangered (CR), Endangered 

(EN) or Vulnerable (VU), if it is found to meet specific criteria under any one of five 

criteria: (A) reduction in population size, (B) geographic range, (C) population size 

and presence of a decline, (D) population size, or (E) probability of extinction (see 

IUCN 2001 for details). Where possible, populations should be assessed against all 

criteria to ensure the highest possible threat classification is obtained (IUCN 2001). 

Regional classification under the IUCN Red List must address the degree of isolation 

from conspecific populations, as this may result in an upgrade or downgrade of threat 

category (IUCN 2003). 

 

The IUCN (2001) criteria for threat classification under categories A, C and E require 

evidence of negative trends in population size (A), continuing declines in numbers of 



Chapter 8: Fiordland bottlenose dolphins are critically endangered 126 

 

mature individuals concurrent with small population size (C) or specified probabilities 

of extinction (E). Threshold values for rates of decline vary depending on the level of 

threat classification, whether the cause of the decline is understood, ceased or 

reversible, and whether the decline is occurring in a small population. We used 

population viability analyses that incorporated parameter uncertainty and stochastic 

effects to estimate rates of population decline and probability of extinction for IUCN 

threat classification (Taylor 1995; Slooten et al. 2000; Slooten 2007). We applied this 

approach using estimates of the key demographic parameters gained from long-term 

studies of the Doubtful/Thompson Sound sub-population (Haase & Schneider 2001; 

Chapter 4). Declines are specified over a period expressed in terms of generation time, 

which for bottlenose dolphins has been estimated at 21.1 years in a stable population 

(Taylor et al. 2007a). We use this estimate (rounded to 21 years) in our calculations 

except where periods of five generations were required. In this latter case we used 100 

years, the maximum allowable period under IUCN Red List criteria (IUCN 2001; 

2003). 

 

While it was not possible to assess directly whether the Fiordland population met the 

criteria under IUCN Red List category B, we were able to make reasonable inferences 

as to the appropriate classification under this category. The criteria for this category 

specify threshold values for extent of occurrence (CR: <100 km2; EN: <5000 km2; VU: 

<20,000 km2) or area of occupancy (CR: <10 km2; EN: <500 km2; VU: <2000 km2) in 

addition to criteria that assess population isolation, fragmentation, decline or 

fluctuations. We possess information concerning the distribution of the 

Doubtful/Thompson Sound sub-population, the Dusky/Breaksea Sound sub-population 

and the Northern Fiordland sub-population (Williams et al. 1993; Bräger & Schneider 

1998; Schneider 1999; Lusseau & Slooten 2002; Currey 2006; Currey & Rowe 2008). 

We can thus estimate the minimum extent of occurrence and provide a reasonable 

estimate of the overall extent of occurrence despite possessing only patchy sightings 

data for the Northern Fiordland population outside Milford Sound (Lusseau & Slooten 

2002; Currey 2006). 

 

The IUCN (2001) criteria for assessment of threat classification under categories C and 

D specify threshold values for estimates of the number of mature individuals. The 
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threshold values for classification under category D (CR: <50; EN: <250; VU: <1000) 

are lower than for category C (CR: <250; EN: <2500; VU: <10,000) because 

assessment under category C requires additional evidence of a continuing population 

decline and, depending on the rate of decline, evidence of fragmented or skewed 

population structure (IUCN 2001). Application of criteria under categories C and D to 

the Fiordland population of bottlenose dolphins required an estimate of current 

abundance for the mature individuals in the population. Capture-recapture estimates of 

abundance of each of the Fiordland bottlenose dolphin sub-populations (Boisseau 

2003; Chapters 3 & 6) were combined, along with an estimate of proportion of mature 

individuals in a typical population of bottlenose dolphins (60%; Taylor et al. 2007a) to 

estimate the total number of mature individuals. Hence we were able to assess or infer 

the appropriate threat classification for criteria under each category. 

 

Abundance Estimation 

We derived an estimate of total abundance of bottlenose dolphins in Fiordland (NF) by 

combining available abundance estimates for the separate sub-populations. All have 

been assessed using similar capture-recapture analyses of photo-identification data. The 

estimates are: Doubtful/Thompson Sound sub-population (NDT) (56 individuals, 

CV=1.3% in February 2008: Chapter 3), Dusky/Breaksea Sound sub-population (NDB) 

(102 individuals, CV=0.9% in February 2008: Chapter 6), Northern Fiordland sub-

population (NNF) (47 individuals, CV=6.5% in 2003: Boisseau 2003). Given these 

three sub-populations comprise the entire Fiordland population; an estimate of 

bottlenose dolphin abundance for Fiordland (NF) and its associated coefficient of 

variation (CV) can be derived by: 
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While the most recent estimates of NDT and NDB were obtained in February 2008, the 

most recent estimate of NNF was produced five years prior. To account for potential 



Chapter 8: Fiordland bottlenose dolphins are critically endangered 128 

 

changes in NNF on NF, and hence the appropriate classification for the Fiordland 

population, we estimated the NF under two scenarios: (1) using the original estimate 

and associated variance derived in 2003 and (2) employing an adjusted estimate with 

associated variances to account for potential changes in population status. The adjusted 

estimate and variance of NNF were derived from a stochastic population model 

(programmed in Excel 2004 for Mac, Version 11.5.3) to estimate abundance under 

varying rates of population growth or decline (!) over the intervening years, 

incorporating both parameter uncertainty and environmental stochasticity (Slooten et 

al. 2000). 

 

The modelling process involved the following steps. We selected a value for NNF for 

2003 from a normal distribution (to approximate parameter variance) with a mean 

equal to the estimate from 2003 and a standard deviation equal to the standard error of 

the estimate. We selected an initial value for ! from a uniform distribution, bounded by 

rates that represent the limit of what we deemed biologically plausible for the Fiordland 

population (!Range = 0.955-1.045). The upper limit is consistent with maximum 

population growth rates observed or inferred for small cetaceans (Perrin & Reilly 1984; 

Slooten & Lad 1991), while the lower limit is consistent with the lower 95% 

confidence interval of the rate of population decline presently observed in Doubtful 

Sound (Chapter 5). We incorporated environmental stochasticity by selecting the 

yearly values of ! from a normal distribution with a mean equal to the initial value (see 

above) and a standard deviation equal to the process variance of ! which was estimated 

demographically using variance component analysis for the Doubtful Sound sub-

population (0.0138; Chapter 5). The value for NNF was rounded to the nearest integer 

and multiplied by a yearly estimate of ! for each of the intervening years to yield an 

estimate of NNF for 2008. We repeated these steps 5000 times and used the resulting 

distribution of possible values for NNF to estimate the mean and variance of our 

adjusted estimate of NNF. 

 

The adjusted estimates of NNF were then used to produce abundance estimates for the 

Fiordland population that accounted for parameter uncertainty and the uncertainty 

resulting from the time elapsed since abundance was last estimated for Northern 

Fiordland. Estimates were produced for all individuals (i.e. total population size) and for 



Chapter 8: Fiordland bottlenose dolphins are critically endangered 129 

 

mature individuals, assuming 60% of individuals were mature (Taylor et al. 2007a). 

The number of mature individuals was derived from our estimate of total abundance 

(NF) using a binomial distribution to represent the probability of being mature. To do 

this we selected a value (X) for total abundance from our estimates of NF using a 

normal distribution, with a mean and standard deviation equal to the mean and 

standard error of NF. We then employed a binomial distribution (X trials with a 

probability of 0.6) to simulate the probability of being mature. We repeated these steps 

5000 times and used the resulting distribution to estimate mean and variance for the 

number of mature individuals. Finally, to reflect uncertainty in our abundance 

estimates, we calculated log-normal confidence intervals (Buckland et al. 1993). 

 

Population Viability Analysis 

To estimate rate of population change and the probability of extinction for the 

Fiordland bottlenose dolphins, we constructed stochastic age-structured Leslie matrix 

population models (Slooten et al. 2000; Chapter 4). These models were implemented 

in Excel 2004 for Mac (Version 11.5.3) using all available population-specific 

information (Haase & Schneider 2001; Chapter 4), accounting for parameter 

uncertainty as well as demographic and environmental stochasticity. A similar 

modelling approach has been applied to Hector’s dolphins (Slooten et al. 2000) and to 

the Doubtful Sound sub-population of bottlenose dolphins (Chapter 4). Here, we 

applied this model to the entire Fiordland population, considering two scenarios that 

reflect the range of uncertainty in the degree of movement between the sub-

populations: three isolated sub-populations with no intermixing (Scenario 1), and one 

homogeneous population with complete intermixing (Scenario 2). The population was 

projected for 100 years consistent with the maximum period permitted for IUCN 

classification. 

 

Model parameters were initial female abundance, maximum age (set at 50 years: Wells 

& Scott 1999), age at first reproduction (AFR), reproductive rate for mature females 

(RR), survival rate for calves in the first year of life (!c), survival rates for sub-adults in 

the second and third years of life (!sa1 and !sa2) and survival rate for adults from the 

fourth year of life onwards (!a). Reproductive and survival parameters differed for each 
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year and each (100-year) run of the model. We took the following steps to run the 

model (adapted from Slooten et al. 2000), repeating steps 1-4 for 5000 runs: 

(1) Parameter selection for one 100–year run of the model: We selected means for !a, 

!sa1, !sa2, !c, RR and AFR from distributions that represented parameter uncertainty. 

We selected standard deviations to represent year–to–year variation in !a, !sa1, !sa2, !c 

and RR from distributions that represented variation uncertainty (distributions used in 

this step described below). 

 

(2) The initial age distribution for one 100-year run of the model: Initial female 

abundance was selected using a normal distribution to represent parameter uncertainty 

and a binomial distribution to represent the probability of being female. We calculated 

the stable age distribution for the chosen value of initial female abundance using a 

deterministic version of the Leslie matrix model, with input parameters equal to the 

means chosen for that run and a maximum age of 50 years (Burgman et al. 1993; 

Slooten et al. 2000). 

 

(3) Parameter selection for each of the 100 years: For each of the input parameters 

except AFR (see below), we created distributions from the means and standard 

deviations chosen in step 1 to reflect both parameter certainty and year-to-year 

variation. We then selected parameters separately from beta distributions for each year 

to model environmental stochasticity. 

 

(4) Incorporation of demographic stochasticity: To incorporate demographic 

stochasticity, we drew a random number for each individual from the binomial 

distribution. If the random number exceeded the age-specific ! of that year, the 

individual died; otherwise the individual lived. Similarly, the number of newborns in 

each year was a random variable from a binomial distribution involving the RR and the 

number of breeding females. 

 

Population Model Parameters 

We employed model parameters that were specific to bottlenose dolphins and, in most 

cases, estimated from long-term studies of the Fiordland population. For Scenario 1, we 

used abundance estimates for each separate sub-population, while for Scenario 2 we 
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used an abundance estimate for the whole Fiordland population (Table 1). The first 

step was to select an abundance value (X) from a normal distribution with a mean and 

standard deviation equal to the mean and standard error of the relevant estimate of 

abundance. We then employed a binomial distribution (X trials with a probability of 

0.5) to account for stochastic effects and determine initial female abundance for the 

model run. 

 

Table 1: Estimate of bottlenose dolphin abundance for the Fiordland population in 

February 2008 drawn from current estimates for each sub-population within Fiordland 

(Boisseau 2003; Chapters 3 & 6). 

Location Year Estimate Std Error CV 95% CI 

(Log-normal) 

Dusky-Breaksea 2008 102 0.9 0.9% 100-104 

Doubtful-Thompson 2008 56 0.7 1.3% 55-57 

Northern Fiordland 2003* 47 7.0 14.9% 35-63 

Fiordland population 2008 205 7.1 3.5% 192-219 

*For this sub-population, the abundance estimate was adjusted using a stochastic model to account for 

temporal variability since abundance was last directly estimated in 2003 (see methods for details). 

 

Estimates of key demographic parameters including survival (!a, !sa1, !sa2 and !c) and 

reproductive rate (RR) are available from the Doubtful Sound sub-population (Haase 

& Schneider 2001; Chapter 4). However, these estimates have been obtained from a 

sub-population that is known to be declining, with a reduction in the survival of calves 

and sub-adults known to be a key factor (Chapters 3-5). To apply the most recent 

estimates of survival for calves and sub-adults outside Doubtful Sound may 

overestimate the risk to the Fiordland population, particularly as some impacts are 

localised to Doubtful Sound (Chapter 4). Conversely, assuming there are no impacts 

on the survival of calves and sub-adults outside Doubtful Sound would be imprudent, 

given the known tourism impacts on the Northern Fiordland sub-population (Lusseau 

2005b), and the absence of impact information for the Dusky-Breaksea sub-population. 
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We attempted to account for this uncertainty by using the most recent estimates of 

survival from Doubtful Sound (for the period 2002 to 2008) for the Doubtful Sound 

sub-population and using two different sets of parameters from Doubtful Sound for the 

Dusky and Northern Fiordland sub-populations (Chapter 4). We used previous 

estimates of calf survival from Doubtful Sound (for the period 1994 to 2001) that were 

sustainable (termed parameter set A) and long-term average estimates of survival from 

Doubtful Sound (spanning 1994 to 2008) representing periods over which survival has 

been both sustainable and unsustainable (parameter set B). These were incorporated in 

our model scenarios by using separate estimates of survival when modelling each sub-

population for Scenario 1, and using a weighted average of the estimates of survival 

when modelling the whole population for Scenario 2 (Table 2), resulting in four model 

scenarios (1A, 1B, 2A and 2B). Mean values for !a, !sa1, !sa2 and !c were selected from 

truncated normal distributions with a mean equal to the estimate of ! and a standard 

deviation of equal to the parameter uncertainty. Standard deviations for !a, !sa1, !sa2 

and !c were selected from triangular distributions centred on estimates of year-to-year 

variation and bounded by the 95% confidence intervals of year-to-year variation. 

 

For all model scenarios, we employed the same approach to incorporating reproductive 

rate (RR) and age at first reproduction (AFR), consistent with previous analyses 

(Chapter 4). We estimated RR, the number of female offspring born per mature female 

per year, based on calving interval, which is 2 to 5 years for the Doubtful-Thompson 

sub-population (Haase & Schneider 2001). This equates to a female giving birth to a 

female calf once every 4 to 10 years, assuming an equal sex ratio (Chapter 6). To reflect 

uncertainty, the mean value for RR was randomly selected from a uniform distribution 

from 10% to 25%. The standard deviation between years for RR was randomly selected 

from a triangular distribution between 1% and 6% and peaking at 4%, to represent 

variation observed in Doubtful Sound and elsewhere (Wells & Scott 1999; Haase & 

Schneider 2001). 

 

We selected an estimate of 10 years for AFR with parameter uncertainty of 1 year, 

based on available data for bottlenose dolphins (Wells & Scott 1999). These parameter 

estimates were used to generate a normal distribution with a mean of 10 and a standard 

deviation of 1 from which a mean AFR was selected for each model run. Standard 
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deviation of AFR was selected from a triangular distribution centred on 1, with a lower 

bound of 0.5 and an upper bound of 2 to reflect variation in data for bottlenose 

dolphins worldwide (Wells & Scott 1999). 

 

Table 2: Estimates of survival for adults (!a), sub-adults (!sa) and calves (!c) used in 

stochastic age-structured Leslie matrix population models (Chapter 4). 

Parameter Scenario Location Estimate Uncertainty 
Year-to-year 

variation 
Year-to-year 

variation 95% CI 

!a All All 0.9374 0.0058 0.0027 0.0010-0.0093 

!sa2 1A,1B 1 0.7499 0.0285 0.0264 0.0117-0.0849 

!sa1 1A,1B 1 0.5625 0.0513 0.0501 0.0223-0.1606 

!c 1A,1B 1 0.3750 0.0741 0.0739 0.0330-0.2362 

!sa2 1A 2,3 0.9123 0.0097 0.0099 0.0010-0.0489 

!sa1 1A 2,3 0.8872 0.0137 0.0171 0.0010-0.0885 

!c 1A 2,3 0.8621 0.0177 0.0244 0.0010-0.1280 

!sa2 1B 2,3 0.8388 0.0080 0.0353 0.0243-0.0636 

!sa1 1B 2,3 0.7401 0.0103 0.0680 0.0475-0.1179 

!c 1B 2,3 0.6415 0.0126 0.1007 0.0708-0.1721 

!sa2 2A All 0.8582 0.0160 0.0154 0.0046-0.0609 

!sa1 2A All 0.7789 0.0262 0.0281 0.0081-0.1125 

!c 2A All 0.6997 0.0365 0.0409 0.0117-0.1641 

!sa2 2B All 0.8091 0.0149 0.0324 0.0201-0.0707 

!sa1 2B All 0.6809 0.0240 0.0620 0.0391-0.1321 

!c 2B All 0.5527 0.0331 0.0917 0.0582-0.1935 

Scenario indicates model scenarios including three isolated sub-populations with no net migration (1), 

or one homogeneous population (2), with either high (A) or moderate (B) levels of calf and sub-adult 

survival. Location indicates sub-population location (Doubtful-Thompson: 1; Dusky-Breaksea: 2; 

Northern Fiordland: 3). Parameter estimates and uncertainty, estimates and 95% CI for year-to-year 

variation were used to generate distributions for the stochastic age-structured Leslie matrix population 

models. 
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Results 

Bottlenose Dolphin Abundance 

We derived two estimates of bottlenose dolphin abundance for Fiordland (NF). The 

first estimate was 205 individuals (CV = 1.6%; 95% CI: 199-212) using the original 

2003 abundance estimate for the Northern Fiordland sub-population (NNF). When we 

included the adjusted estimate of NNF derived from the stochastic modelling process to 

account for variation between 2003 and 2008, our estimate of abundance for Fiordland 

was unchanged but the variance was increased (205 individuals; CV = 3.5%; 95% CI: 

192-219). We favour the use of the adjusted abundance estimate, as it requires fewer 

assumptions concerning the stability of the Northern Fiordland sub-population since 

abundance was last estimated. To assess the population with reference to the IUCN 

Red List criteria, we computed an estimate that included only the mature members of 

the population. Thus, we estimated there were 123 mature individuals (CV = 6.7%; 

95% CI: 108-140) in the population. 

 

Bottlenose Dolphin Population Viability 

More than 80% of all model projections resulted in a population decline for the 

Fiordland bottlenose dolphins across the four scenarios considering different levels of 

movement between sub-populations and survival rates of calves and sub-adults (Table 

3). This effect was consistent over time, with similar likelihood of decline after one 

generation (88.4%), three generations (84.6%) and five generations (83.2%). The 

magnitude of this decline varied across model scenarios, with increased risk of the 

population declining, halving or going extinct when calf and sub-adult survival was at 

moderate levels outside Doubtful Sound and movement between sub-populations was 

unrestricted (Table 3). 

 

The scenarios with no migration between sub-populations restricted impacts of low 

survival for calves and sub-adults to Doubtful Sound. Clear differences in population 

trajectory were then observed between the discrete sub-populations (Figure 1), 

reflecting the effects of differences in initial female abundance and survival of calves 

and sub-adults. Under these scenarios, there was a high risk of extirpation at the sub-

population level, with 90.6% of model runs resulting in extinction in at least one sub-
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population (extinction in one sub-population: 62.5%; two sub-populations: 21.3%; 

three sub-populations: 6.8%). 

 

Table 3: Change in population size (%) and proportion of model runs (%) for which 

the population declined, halved or went extinct over periods of 1, 3 and 5 generations 

in 5000 model runs of the stochastic age-structured Leslie matrix population model. 

Change in population size  Percentage of model runs 

Generations Scenario Mean  Std Dev  Decline Halve Extinct 

1 1A -16.1 25.2  75.1 6.4 0 

1 1B -41.4 16.5  98.3 32.1 0 

1 2A -22.1 24.2  81.6 11.0 0 

1 2B -45.8 17.1  98.6 44.0 0 

1 All -31.4 42.3  88.4 23.4 0 

3 1A 19.6 106.3  55.6 29.3 0 

3 1B -72.8 23.5  98.6 85.8 0.5 

3 2A -43.0 50.6  84.4 56.6 0.1 

3 2B -81.2 16.9  99.7 94.1 1.8 

3 All -44.3 121.3  84.6 66.5 0.6 

5 1A 120.1 320.2  49.6 32.9 0.5 

5 1B -82.2 25.5  98.4 91.4 13.0 

5 2A -47.7 78.2  84.9 68.2 4.3 

5 2B -91.3 13.5  99.8 98.0 22.5 

5 All -25.2 330.9  83.2 72.6 10.1 

Model scenarios included three isolated sub-populations with no net migration (1), or one homogeneous 

population (2), with either high (A) or moderate (B) levels of calf and sub-adult survival (see Table 2). 
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Figure 1: Distribution of the number of female dolphins alive after five generations for 

the Doubtful-Thompson (black), Northern Fiordland (grey), and Dusky-Breaksea 

(white) sub-populations of bottlenose dolphins in Fiordland. Shown are 10,000 pooled 

runs of a stochastic age-structured Leslie matrix population model assuming the three 

sub-populations were isolated but considering both high and moderate levels of calf and 

sub-adult survival. 

 

IUCN Red List Classification 

In order to determine the appropriate classification for the Fiordland bottlenose 

dolphins under the IUCN Red List (2001), we compiled all available information with 

reference to each of the five categories. Here, we evaluate the evidence for threat 

classification with due consideration for uncertainty in estimates on which the 

classification relies (Akçakaya et al. 2000). Our classification approach was both 

evidentiary (i.e. by quantifying the likelihood of meeting classification criteria) and 

precautionary (i.e. where two classifications are possible the higher classification was 

chosen) as per IUCN Red List (2001) recommendations. The Fiordland bottlenose 

dolphin population was estimated to contain fewer than 250 mature individuals, and 

therefore can be classified as Endangered under Criterion D (IUCN 2001). This 
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classification is robust to uncertainty in estimates of abundance and the proportion of 

mature individuals in the population, given the 95% confidence intervals for the 

abundance estimate that included all individuals did not exceed 250 (Table 1). 

 

There is sufficient information for the geographic range of the Fiordland bottlenose 

dolphins that we can infer a likely threat classification, despite a lack of data for the 

Northern Fiordland sub-population. The minimum extent of occurrence of the 

population is approximately 450 km2, representing the sum of the established home 

ranges of the sub-populations (i.e. the Doubtful-Thompson Sound complex, the Dusky-

Breaksea Sound complex and Milford Sound). A reasonable upper estimate of extent of 

occurrence for the population is the entire inshore waters of Fiordland combined with a 

coastal range that extends 325 km from Puysegur Point in the south to Jackson Bay in 

the north and offshore for 5 km. Under this scenario, the extent of occurrence is 

approximately 2400 km2. This estimate is likely to overestimate extent of occurrence as 

the bottlenose dolphins from the Doubtful-Thompson and Dusky-Breaksea Sound 

complexes to not appear to utilise the open coast (Currey in press). While these 

estimates are approximations, at both extremes the population is well within the range 

of extent of occurrence values (100 to 5000 km2) for classification as Endangered under 

Criterion B1 (IUCN 2001). Given the population is subdivided into three sub-

populations and there is evidence of a projected decline for the population (Table 3), 

the population can be classified as Endangered under Criterion B1 (IUCN 2001). 

 

Negative population trends can be used to determine appropriate threat classification 

under three different categories (IUCN 2001); extinction risk is one such category. 

The risk of extinction for the Fiordland bottlenose dolphin population is estimated at 

0.5% to 22.5% over five generations, depending on the level of movement between 

sub-populations and survival rates of calves and sub-adults (Table 3), with an average 

of 10.1% across all scenarios. These levels of extinction risk are consistent with 

classification of Vulnerable (>10%) for average risk or Endangered (>20%) using the 

upper estimate of risk under Criterion E (IUCN 2001). Under IUCN (2001) 

guidelines, if two levels of classification are applicable, the higher threat level should be 

used. Hence, under this category, the population can be classified as Endangered under 

Criterion E (IUCN 2001). 
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Projected declines in population size provided another means of assessing threat status 

(Criterion A3: IUCN 2001). The Fiordland bottlenose dolphin population was 

projected to decline by an average of up to 81.2% over a period of three generations, 

depending on the level of movement between sub-populations and survival rates of 

calves and sub-adults (Table 3). This level of decline is consistent with classification of 

Critically Endangered (>80%) (Criterion A3: IUCN 2001). We assessed the likelihood 

of this outcome across all scenarios by pooling the results of all models, and classifying 

the result of each model run (Figure 2). While a classification of Endangered was 

plausible (30.0% of runs), the most likely classification (36.2% of runs) was Critically 

Endangered, with the most frequent model outcomes within this range. If two levels of 

classification are plausible, the higher threat level should be used, hence Critically 

Endangered was the appropriate classifications under Criterion A3 (IUCN 2001). 

 

A combined assessment of population size and trajectory provided the final means of 

assessing threat status (Criterion C1: IUCN 2001). As stated above, the Fiordland 

bottlenose dolphin population was estimated to contain fewer than 250 mature 

individuals; one criterion for classification as Critically Endangered under Criterion C1 

(IUCN 2001). Additionally, the population was projected to decline by an average of 

16.1% to 45.8% over a period of one generation, depending on the level of movement 

between sub-populations and survival rates of calves and sub-adults (Table 3). These 

levels of decline may exceed 25% and hence fulfil the remaining requirement for 

classification as Critically Endangered under Criterion C1 (IUCN 2001). We quantified 

the likelihood of a level of decline exceeding the 25% threshold under all scenarios by 

pooling the results of all models, and classifying the result of each model run (Figure 3). 

The majority (67.6%) of model runs were classified as Critically Endangered, with the 

most frequent model outcomes within this range, confirming this was the appropriate 

classification under Criterion C1 (IUCN 2001). 
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Figure 2: Distribution of the number of female dolphins alive after three generations 

for 20,000 runs of a stochastic age-structured Leslie matrix population model pooled 

across all movement and survival scenarios. Shading of model runs indicates meeting 

the criteria for classification as Critically Endangered (CR: 36.2% of runs), Endangered 

(EN: 30.0% of runs), Vulnerable (VU: 13.6% of runs) or Near Threatened (NT: 20.3% 

of runs) for rate of decline, irrespective of population size (Criterion A3: IUCN 2001). 

 

Discussion 

We have determined that the Fiordland bottlenose dolphin population met the criteria 

for classification as Endangered (B1, D and E) and Critically Endangered (A3 and C1) 

under the IUCN (2001) Red List (Table 4). Given that meeting one criterion is 

sufficient for listing, and classifications denoting a higher threat status take precedence, 

we conclude the Fiordland bottlenose dolphins should be listed as Critically Endangered 

(Criteria A3 and C1: IUCN 2001). Regional Listing under the IUCN Red List requires 

an assessment of the degree of isolation from conspecific populations as this may result 

in an upgrade or downgrade of the threat category (IUCN 2003). If populations are 

thought to be isolated or their level of isolation is unknown, the threat classification 
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remains the same (IUCN 2003). Recent study of molecular variance in mitochondrial 

DNA has revealed that there is little or no interchange between the Fiordland 

population and conspecific populations in Northland or the Marlborough Sounds, 

suggesting the three coastal populations found in New Zealand waters are isolated 

(Tezanos-Pinto et al. 2008). There is a paucity of information concerning interchange 

with other bottlenose dolphin populations; however there has been no evidence of 

immigration observed in Doubtful Sound since 1990 (Chapter 4). Given the apparent 

level of isolation from some populations and the lack of knowledge concerning other 

populations, a Critically Endangered classification is appropriate for the Fiordland 

bottlenose dolphins. 

 

 

Figure 3: Distribution of the number of female dolphins alive after one generation for 

20,000 runs of a stochastic age-structured Leslie matrix population model pooled across 

all movement and survival scenarios. Shading of model runs indicates meeting the 

criteria for classification as Critically Endangered (CR: 67.6% of runs) or Endangered 

(EN: 32.4% of runs), for rate of decline, given a population size of fewer than 250 

mature animals (Criterion C1: IUCN 2001). 
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In this study, we have produced the first estimate of bottlenose dolphin abundance for 

the entire Fiordland population (205 individuals; CV = 3.5%), via a synthesis of 

current estimates of abundance for two sub-populations and stochastic modelling of an 

earlier estimate for the third sub-population. We incorporated these estimates of 

abundance, and available demographic data in stochastic age-structured Leslie matrix 

population models to assess population viability. We concluded the population was 

highly likely to decline over periods of one, three and five generations. We assessed the 

evidence for regional classification under the IUCN Red List (2001; 2003): the 

population classifies as Endangered under all categories and met the criteria for Critically 

Endangered on the basis of the number of mature individuals and the predicted rate of 

population decline over one and three generations (Criteria A3 and C1: IUCN 2001). 

Evidence of isolation from conspecific populations confirms this was an appropriate 

regional classification (IUCN 2003; Tezanos-Pinto et al. 2008). 

 

Table 4: IUCN Red List Criteria (2001) met by the Fiordland bottlenose dolphins and 

the resulting threat classifications: Endangered (EN) or Critically Endangered (CR). 

Category Specific Criterion Classification 

A. Reduction in 
population size 

A3. Projected reduction of 80% over 3 
generations 

CR 

B. Geographic range B1a.b(v). Fragmented, declining population 
with an extent of occurrence of 100 to 5000 
km2 

EN 

C. Population size 
and decline 

C1. Fewer than 250 mature individuals and a 
decline of 25% over 1 generation 

CR 

D. Population size D. Between 50 and 250 mature individuals EN 

E. Probability of 
extinction 

E. Probability of extinction of 20% in 5 
generations 

EN 

 

Our recommended classification for the Fiordland bottlenose dolphins represents the 

eighth coastal dolphin population, and the first bottlenose dolphin population, to meet 

the criteria for classification as Critically Endangered (Reeves et al. 2003; IUCN 2008). 

The small number of populations presently known to meet the Critically Endangered 

criteria is not reassuring - it does not represent an absence of threats to coastal 
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cetaceans. Rather it reflects a dearth of knowledge for most regional populations that 

prevents rigorous assessment (Reeves et al. 2003). The present study demonstrates that 

it is possible to conduct a threat assessment despite uncertainty in key determinants of 

threat status (Akçakaya et al. 2000). However, a paucity of data is clearly a barrier to 

formal assessment. In light of the numerous impacts facing regional populations of 

coastal dolphins, studies of vital rates (e.g. survival and reproductive rates) and 

abundance (see Hammond et al. 1990; Dawson et al. 2008) are sorely needed for many 

potentially threatened regional populations (e.g. Cañadas & Hammond 2006). Any 

remaining uncertainty can be incorporated in the assessment process. 

 

Although classification under the IUCN Red List requires that a species or regional 

population meet the criteria under one category, it is recommended that an assessment 

is conducted under all categories (IUCN 2001). This approach permits the 

incorporation of uncertainty associated with meeting criteria under each category 

(Akçakaya et al. 2000), akin to model selection uncertainty (Burnham & Anderson 

2002). Incorporating uncertainty to identify a plausible range of IUCN classifications 

before choosing the appropriate classification has been recommended to improve the 

robustness of threat assessment process (Akçakaya et al. 2000; IUCN 2001). Further, a 

comprehensive assessment under all categories reduced the likelihood of conflating 

rarity and threat (Robbirt et al. 2006). This is of particular importance to the 

classification of indigenous regional populations, which may be inherently small or 

restricted in range as a result of ecological constraints. Rarity does increase risk for any 

population, and a precautionary approach would suggest there is less harm in wrongly 

classifying a population as threatened when it is naturally rare (type II error), than the 

reverse. However, this approach could lead to misallocation of conservation resources if 

resources are allocated based on criteria that include threat classification. A 

comprehensive assessment can reduce the likelihood of this occurring and in this 

instance, ensured the threat classification of the Fiordland bottlenose dolphins was 

appropriate and robust. 

 

The IUCN Red List approach is globally recognised, represents the “gold standard” for 

threat classification and has been adapted for application to regional populations 

(IUCN 2003). One alternative, that we have not used, was the New Zealand Threat 
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Classification System (Hitchmough et al. 2007; Townsend et al. 2007). The main 

reason for this choice was that the NZ system does not allow the separate assessment of 

isolated populations if there are additional conspecific populations (Townsend et al. 

2007). This failure to recognise discrete biological populations in favour of assessing 

animals at the level of a “national population” is one of the serious limitations of the 

New Zealand system. While such an approach may guide preservation of biodiversity at 

a national level, it does little to recognise the conservation needs of biological 

populations, upon which each “national population” relies. 

 

One further concern with the New Zealand Threat Classification System (Hitchmough 

et al. 2007) is the conflation of national rarity and threat. A case in point is the three 

cetacean species classified as Nationally Critical: Bryde’s whales (Balaenoptera edeni), 

killer whales (Orcinus orca) and Maui’s dolphins (Cephalorhynchus hectori maui). While 

all three species are rare in NZ waters, with national populations of fewer than 250 

breeding adults (Hitchmough et al. 2007), they have vastly different global populations 

and threat levels. Bryde’s whales and killer whales are not known to be subject to high 

levels of impact in New Zealand waters, although killer whales do occasionally interact 

with fisheries (Visser 2000). Further, both possess large conspecific populations outside 

New Zealand, a fact acknowledged in their threat classification (Hitchmough et al. 

2007). In contrast, Maui’s dolphins are an endemic sub-species and classified by the 

IUCN as Critically Endangered due to small total population size and historic population 

decline associated with gillnet entanglement (Dawson et al. 2001; Slooten et al. 2006; 

Slooten 2007). The New Zealand Threat Classification System attempts to address 

these discrepancies with classification qualifiers (Hitchmough et al. 2007). However, 

these factors should be dealt with explicitly within the classification process so that 

species with demonstrably differing levels of threat do not receive the same threat 

classification. Given these limitations, employment of the IUCN Red List (2001) 

criteria, with flexibility for application at regional levels (IUCN 2003) appears to be 

the best alternative. 

 

We attempted to incorporate uncertainty in our classification of the Fiordland 

bottlenose dolphin population. We chose to implement this via customised models 

rather than commercially available software (i.e. RAMAS Red List; Akçakaya et al. 
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2000). This enabled an assessment tailored to the available data without the 

requirement of purchasing proprietary software. Given the paucity of threat assessments 

in developing countries, we believe that low cost approaches like the present study are 

sorely needed. We adjusted the abundance estimate for the Northern Fiordland sub-

population in order to address uncertainty arising as a result of the period that had 

elapsed since abundance was last estimated directly. This approach was sufficient for 

the purpose of threat assessment as our estimates of abundance were well within the 

appropriate ranges for the chosen levels of threat classification. However, this should 

not be viewed as a substitute for obtaining a current abundance estimate directly. 

Similarly, our estimates of minimum and maximum geographic range fell within a 

range of values that enabled classification, but they should not be viewed as a substitute 

for actual sightings data. Coastal surveys to estimate current dolphin abundance and 

extent of occurrence for the Northern Fiordland sub-population would be of great 

value, both for future assessments of threat and to guide the management of this sub-

population. Further, demographic studies of the Northern Fiordland and Dusky-

Breaksea sub-populations would enable the inclusion of demographic rates specific to 

sub-populations in future population viability analyses, necessitating fewer assumptions 

concerning the nature of impacts outside the Doubtful-Thompson sub-population. 

However, the present study has shown that we currently possess sufficient information 

to classify the threat status of the Fiordland bottlenose dolphins. Hence, the focus must 

be placed on managing impacts. 

 

The Fiordland bottlenose dolphins meet the IUCN criteria for classification as 

Critically Endangered and therefore, by definition, face an “extremely high risk of 

extinction in the wild” (IUCN 2001). One clear way to help reduce this risk is through 

management of human impacts throughout Fiordland waters. Given the three 

Fiordland sub-populations are subject to different types and levels of impact, they 

require different management interventions specific to each location. The Doubtful-

Thompson sub-population shows behavioural and demographic evidence of impacts 

associated with interactions with tour boats and freshwater discharge from a 

hydroelectric power station (Lusseau 2003c; 2003b; 2004; 2006; Chapter 4 & 

Appendix A). These impacts are present through much of the range of this sub-

population. Restricting freshwater discharge and tour boat activity at times and in 
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locations where the sub-population is most susceptible to disturbance is one possible 

way of managing these impacts (Lusseau & Higham 2004). In comparison, the 

Northern Fiordland sub-population is subject to intense tour boat activity in part of its 

range (Milford Sound) and the sub-population apparently responds by vacating the 

fiord over the hours of the day and seasons of the year when tour boat activity reaches 

its peak (Lusseau 2005b). In this instance, the appropriate management response would 

be to minimise tour boat interactions in Milford Sound in combination with an 

assessment of impacts outside the fiord. 

 

The isolation of the Dusky-Breaksea sub-population ensures that these dolphins are 

presently exposed to fewer tour boat interactions than neighbouring sub-populations. 

However, it is likely that as tourism activities increase in the most accessible parts of 

Fiordland, they will spill over to more remote regions. Further, this sub-population may 

be subject to indirect impacts from fishing, with potential declines in fish stocks 

(Beentjes & Carbines 2005) depleting a key local prey resource on which the Fiordland 

bottlenose dolphins appear to rely (Lusseau & Wing 2006). Management of fishing 

impacts, precautionary management of tourism and an assessment of the population to 

ascertain any further sources of impact are all necessary components to managing this 

sub-population. A comprehensive management approach that addresses the 

conservation requirements of individual sub-populations should provide the best 

chance of ensuring the survival of the Fiordland bottlenose dolphins. 
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Chapter 9 

General Discussion 

 

Conservation requirements of the Fiordland bottlenose dolphins 

Throughout this thesis, the primary aim has been to identify the conservation 

requirements of the bottlenose dolphins in Fiordland, and particularly in Doubtful 

Sound. The first step of this process was to determine the present status and recent 

trends in abundance for the population of greatest concern: Doubtful Sound. 

Application of photo-identification census and capture-recapture techniques provided 

an abundance estimate of 56 individuals (95% CI: 55-57) in Feb 2008 (Chapter 3). By 

obtaining precise estimates of dolphin abundance, it was possible to detect a significant 

decline of 34-39% among adults and sub-adults (>3 years old) between 1995 and 2007 

(Chapter 3). This finding raised questions about the demographic cause and the role of 

human impacts in the decline. 

 

Capture-recapture modelling of long-term photo-identification data identified reduced 

survival of newborn calves and reduced recruitment into the adult population as key 

causal factors (Chapters 4 & 5). The strength of evidence for impacts from tourism and 

increase freshwater discharge from the Manapouri hydroelectric power station was 

quantified by comparing models that represented competing hypotheses in an 

information-theoretic model selection framework (Chapters 4 & 5). Adult survival 

remained relatively constant (0.9374; 95% CI: 0.9170-0.9530) from 1990 to 2008 

(Chapter 4). Calf survival (<1 year old) declined from 0.8621 (95% CI: 0.6851-0.9473) 

prior to 2002, to 0.3750 (95% CI: 0.2080-0.5782) since 2002, coinciding with 

increased freshwater discharge (Chapter 4). Low estimates of recruitment (0.0249; 95% 

CI: 0.0174-0.0324) and population growth (0.9650; 95% CI: 0.9554-0.9746) from 

reverse-time capture-recapture models were consistent with estimates of growth derived 

from the decline in abundance (0.9632; 95% CI: 0.9602-0.9662; Chapter 5). The 

reduction in recruitment reflected the reduced survival of calves (<1 year old) plus 

reduced survival of juveniles (1-3 years old) prior to the increase in freshwater 

discharge (Chapter 5). This finding suggesting the decline is the result of cumulative 

impacts on the survival of individuals <3 years old. 
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Given these findings, it was important to assess population status across the Fiordland 

region. A comparative study was commenced in Dusky Sound, revealing a significantly 

larger population (102 individuals; 95% CI: 100-104), with an apparently equal sex 

ratio, that exhibited no apparent interchange with Doubtful Sound (Chapter 6). There 

were preliminary indications of ecological and pathological differences between 

populations that may be related to differences in freshwater discharge (Chapter 6 & 7). 

Habitat use and calving appeared to be less seasonal in Dusky Sound, while in Doubtful 

Sound calves appeared to be smaller and lesioning was more severe, particularly among 

females (Chapter 6 & 7). These differences are consistent with impacts from increased 

freshwater discharge in Doubtful Sound. Impacts on calves and breeding females may 

also help to account for the observed decline in calf survival in Doubtful Sound. 

 

Compiling the new abundance estimates and demographic rates, a regional assessment 

was conducted under IUCN Red List Criteria (Chapter 8). The Fiordland bottlenose 

dolphins were classified as Critically Endangered on the basis of small population size 

(205 individuals; 95% CI: 192-219) and the projected rate of decline in stochastic 

matrix models (average decline: 31.4% over one generation; Chapter 8). In Doubtful 

Sound, a voluntary code of practice has been implemented for tour boats by the New 

Zealand Department of Conservation in response to the observed population decline 

(Chapters 3-5) and the behavioural impacts of tour boat interactions (Appendix A). 

Currently no steps have been taken to manage the impacts of freshwater discharge 

while further increases in discharge have been proposed. 

 

The consequences of small population size 

The findings of this thesis raise two distinct but related questions. What are the 

consequences of the present status of the population for long-term population 

persistence? And what are the mechanisms governing the population decline and how 

might they be influenced to try to ensure population persistence? These questions 

contrast two key areas of conservation biology, typified by the focus on either small 

populations or declining populations, that have been characterised as the small-

population and declining-population paradigms (Caughley 1994). The small 

population paradigm focuses on the stochastic risks that are increased as a consequence 

of small population size; including demographic stochasticity, environmental 
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stochasticity and catastrophes and genetic deterioration (Caughley 1994; Hedrick et al. 

1996). The declining population paradigm focuses on external factors that influence 

population size, invariably related to human impacts, such as unsustainable harvesting, 

habitat destruction and fragmentation, impact of introduced species, and chains of 

extinction (Caughley 1994; Hedrick et al. 1996). While these paradigms have been 

regarded as potentially conflicting (Caughley 1994), an alternative viewpoint is that 

this dichotomy simply separates proximate and ultimate casual factors behind decline 

and extinction (Hedrick et al. 1996). In this respect, both paradigms can offer insights 

to better understand the present situation faced by the Fiordland bottlenose dolphins. 

 

The small-population paradigm encompasses the risks inherent to small populations 

regardless of population trajectory. Small populations face increased risks associated 

with stochastic processes as they lack the buffering effects present in larger populations. 

Stochasticity can increases the risk to a population via demographic, environmental 

and genetic effects. Demographic stochasticity reflects the risks faced by small 

populations when dynamics depend on the fate of individuals (discrete probability 

distributions), rather than average outcomes (continuous probability distributions) 

throughout the population (Caughley 1994; Stephens et al. 1999). Examples include 

sex ratios becoming skewed by random sequences of births or deaths disproportionately 

favouring one sex, or births and deaths occurring at sporadic intervals, leading to 

fluctuations in population size (Caughley 1994; Stephens et al. 1999). While the 

Fiordland bottlenose dolphins do not presently show any evidence of skewed sex ratios 

(Chapter 6), births and deaths occur in pulses, resulting in minor fluctuations in 

abundance (Chapter 3). If abundance continues to decline, population dynamics would 

depend on fewer and fewer individuals. Hence, fluctuations would be expected to 

become proportionately larger and the risk of extirpation would increase. 

 

Environmental stochasticity reflects the consequences of environmental fluctuations in 

key resources for a population (e.g. prey, habitat), and may include catastrophic events 

(e.g. fire, avalanche) that directly impact on a population (Caughley 1994). 

Environmental fluctuations are likely to result in similar population trends in either 

small or large populations, however the key risk for small populations is that they lack 

the wherewithal to respond to prolonged periods of adverse environmental conditions 
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and their range may be sufficiently restricted that catastrophic events may cause 

significant declines or even extirpation. The residency of the Doubtful and Dusky 

Sound populations in Fiordland, coupled with distribution at a latitudinal extreme, 

suggests the Fiordland bottlenose dolphins are vulnerable to stochastic environmental 

processes. A greater understanding of the biotic and abiotic environmental factors that 

influence their ecology (e.g. temperature, salinity, prey ecology) may help to identify 

key areas of vulnerability. 

 

Genetic deterioration reflects the decreases in fitness that occur in small populations as 

a result of fewer individuals interbreeding (Caughley 1994; Hedrick et al. 1996). There 

are two main genetic factors that impact on the viability of small populations: 

reduction in genetic diversity and increased incidence of inbreeding (Caughley 1994; 

Hedrick et al. 1996). In small populations, genetic drift will result in fewer alleles being 

present at each locus in a population, consequently reducing heterozygosity (Caughley 

1994). Additionally, inbreeding can further reduce heterozygosity, possibly exposing 

deleterious recessive alleles, leading to reduced fitness through inbreeding depression 

(Caughley 1994). These genetic effects can have significant consequences for the 

health of individuals. Given there are indications that the health of females and calves 

is sub-optimal in Doubtful Sound (Chapter 7), the role of genetic effects and small 

population size should be considered. 

 

Demographic, environmental and genetic effects do not operate in isolation; they 

interact, greatly increasing both the difficulty of identifying proximate causal factors 

underlying population dynamics and the risk of extirpation. Increased risk arises as 

interactions can lead to positive feedback loops, termed extinction vortices, in which 

one negative stochastic effect leads to another in a chain reaction (Caughley 1994). 

Such stochastic effects may have significant implications for the persistence of the 

Fiordland bottlenose dolphins. Consequently the effects of demographic stochasticity 

were incorporated in population viability analyses (Chapters 4 & 8). A paucity of 

information prevented the inclusion of environmental or genetic effects, although their 

inclusion would almost certainly increase estimates of risk. These areas may provide 

fruitful lines of inquiry for future studies in order to improve the accuracy of projections 

of population viability. 
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In order to understand the external determinants of changes in population status, the 

declining-population paradigm must be applied. The most important role of the 

declining-population paradigm in understanding the current status of the Fiordland 

bottlenose dolphins is to clarify what is required to link proximate (demographic) and 

ultimate (external) causal factors of present population status. The ability to link 

proximate and ultimate causal factors is dependant upon the strength of inference of 

the studies used to infer causality. When external causal factors are identified, it is then 

possible to apply targeted management interventions to address the sources of the 

population decline and attempt to ensure population persistence. Given management 

cannot target stochastic processes, as they are innately random, a focus on external 

factors under the declining-population paradigm is of greater urgency. 

 

The role of evidence and strong inference 

The central conclusion of this thesis is that the Fiordland bottlenose dolphins are 

threatened and that human impacts are likely to be the main reason for this. The 

reason we must qualify the role of human impacts (i.e. adding the modifier ‘likely to 

be’) is that it is impossible to infer a direct causal link between demographic trends and 

human impacts (Chapters 4 & 5). In much the same way that statistical power 

determines the likelihood of detecting a real effect, strength of inference can be viewed 

as the ability to conclude that an effect is the result of a specific cause given a 

correlation is observed. Put simply, it is the ability to isolate why an effect is present 

and forms a key component of hypothesis testing (Platt 1964). This strength of 

inference is a consequence of sampling or experimental design (Figure 1). 

 

By devising alternative hypotheses, designing experiments to test these hypotheses, 

conducting these experiments in a rigorous manner and repeating this procedure with 

refinements and appropriate controls, it is possible to make strong inferences 

concerning causal factors (Platt 1964). This approach minimises and/or quantifies 

variation that is not central to the research question. Hence any effects observed are 

attributable to key factors being manipulated in the experiment, rather than external 

factors. Manipulative experiments possess the greatest strength of inference as measures 

such as controls, replication and randomisation of replicates can be employed to 

minimise the range of possible explanations for observed effects (Platt 1964; 
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Romesburg 1981; Sinclair 1991; Williams et al. 2002). Constrained design studies use 

measures to reduce the range of possible explanations for observed effects given 

restrictions in their design as a consequence of logistical and/or biological 

considerations (Sinclair 1991; Williams et al. 2002). In a natural system, it is generally 

impossible to manipulate the ecosystem sufficiently to result in strong inferences. 

While such “natural experiments” do have greater realism and generality, the lack of 

suitable controls means inferences should be interpreted with caution. In a natural 

experiment, the development of a priori hypotheses to predict variation and test the 

dataset against these predictions provides strong inference (Platt 1964; Romesburg 

1981; Sinclair 1991). The use of a posteriori hypotheses to explain observed patterns 

after the fact is less informative and can result in the conflation of causation and 

correlation (Platt 1964; Romesburg 1981; Sinclair 1991). 
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Figure 1: A graphic illustration of strength of inference associated with different 

sampling designs (MacKenzie et al. 2005). 

 

In studies of wildlife populations, logistical and/or ethical concerns place considerable 

restrictions on possible manipulative experiments and even constrained design studies 
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(Sinclair 1991). In Fiordland, even if it was possible, it would be both impractical and 

ethically troubling to randomly assign dolphins to fiord systems to observe the 

consequences of exposure to different levels of human impact. It is technically possible 

to reduce or remove two most likely impacts, tourism and freshwater discharge. 

However, attempts to alter either of these external factors is likely to meet with strong 

opposition from the tourism and energy industries, rendering such options politically 

untenable. A further “experimental” constraint is the impossibility of true replication 

at the level of the fiord. There is only one Doubtful Sound, only one Dusky Sound, and 

they are not the same. This situation directly limits the strength of inference that can 

be made about the role of these impacts. Further, when a population is threatened, the 

impact of any experimental treatment on population viability must be considered, 

which may further restrict sampling options. For instance, if dolphins in Doubtful 

Sound were to be exposed to further increases in freshwater discharge as part of an 

“adaptive management” study to evaluate impacts, the consequences for the population 

may be severe. The end result of these constraints can be viewed as an inverse 

relationship between the suitability of sampling regimes for threatened wildlife 

populations and the strength of inference gained from these sampling regimes (Figure 

2). Given the often-urgent need for information concerning threatened populations, 

this dilemma is significant. 

 

There are two clear approaches to reconcile the inverse relationship between strong 

inference and the suitability of sampling regimes for threatened populations. The first is 

to acknowledge that because inference cannot be “strong”, management needs to be 

more precautionary. In other words, a potential impact must be shown to be safe before 

it is permitted. Part of this approach may involve placing the burden of proof on those 

causing potential impacts. In any precautionary approach, an absence of evidence 

cannot be interpreted as evidence of absence of an impact (see Hartung et al. 1983; 

Altman & Bland 1996). 

 

A second solution is to apply a variation of Pratt’s (1964) principles: using multiple 

observational studies with clear a priori hypotheses in place of manipulative 

experiments. In this manner, it is possible to build multiple lines of evidence for 

impacts. This is akin to a criminal case being built on a body of circumstantial 
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evidence: no single piece of evidence provides definitive proof but the accumulated 

weight of evidence provides a compelling argument. An important step in this process 

would be to conduct comparative studies between the separate Fiordland populations 

exposed to different levels of impact. This approach could ensure a better 

understanding of previously identified impacts and enable the identification of further 

sources of impact for precautionary management. 
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Figure 2: A graphic illustration of an inverse relationship between strength of 

inference and the suitability of sampling designs for threatened populations. 

 

Building the case: a framework for conservation research in Fiordland 

Future research on the Fiordland bottlenose dolphins should focus on attempting to 

build multiple lines of evidence for impacts that may account for the population 

decline in Doubtful Sound. This approach would maximise the strength of inference 

given the inherent limitations in studying a threatened population, in a situation that 

cannot be manipulated. It is crucial to provide clear, unambiguous scientific results and 

management advice, as the conservation of the dolphins still appears to depend on 

obtaining evidence of human impacts to enable appropriate management action. Some 
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national and international legislation suggests activities should not be permitted unless 

they have been shown to have no environmental impact (see Freestone & Hey 1995). 

However, in reality, it is far more common for activities to be permitted unless there is 

indisputable evidence that it has a major environmental impact (Mangel et al. 1996; 

Bearzi 2007). 

 

The key objective of this evidentiary approach is to identify mechanisms for observed 

demographic trends underpinning the population decline. To do this, hypotheses need 

to be constructed to reflect plausible impacts on the demographic groups central to the 

population decline: pregnant mothers and calves in the first three years of life. The 

level of support for these hypotheses can then be assessed by gathering and analysing 

data relevant to these specific hypotheses. By repeating these steps across a number of 

hypotheses, mechanisms underlying the decline may be elucidated. Testing a null 

hypothesis is appropriate when the data address a single hypothesis (e.g. Chapter 7), 

while applying information theoretic model selection (Akaike 1973; Burnham & 

Anderson 2001; 2002; Anderson 2008) is preferable when multiple hypotheses are 

plausible (e.g. Chapters 4 & 5). 

 

One example of this evidentiary approach was the comparative visual health 

assessment of bottlenose dolphins in Doubtful and Dusky Sounds using dorsal fin 

photographs and photogrammetry (Chapter 7). In this study, differences in lesion 

severity, calf size and birth seasonality were detected between the two populations. 

Lesions were most severe in females in Doubtful Sound, while calves there were smaller 

and born over a shorter period of time. These finding were consistent with hypotheses 

based on increased exposure to freshwater discharge. On a global scale, increased lesion 

prevalence and severity are associated with cold, low-salinity water (Wilson et al. 

1999b). Further, mothers and calves are likely to experience greater energy demands in 

cooler water as heat flux increases (Meagher et al. 2008). This may reduce calf 

condition and consequently affect the viability of births (Mann & Watson-Capps 

2005), particularly in the cooler spring and autumn months. These factors are 

consistent with an impact of freshwater discharge and suggest potential mechanisms: 

mothers in poor condition are less likely to be able to support calves adequately and 

undernourished calves are likely to be more thermally vulnerable, increasing the risk of 
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mortality. These potential mechanisms can be used to construct new questions for 

future assessment. For instance: do mothers with more severe lesions produce smaller 

calves? Do smaller calves have an increased risk of mortality? Answering these 

questions will increase our understanding of potential mechanisms underlying the 

population decline. 

 

Ultimately, the key to identifying the mechanisms behind the population decline is to 

ask good questions and devise robust studies to answer them, while weighing the costs 

and benefits of conducting these studies on a declining population. An important part 

of this evaluation is to assess the statistical power required to answer these questions 

and, in cases of insufficient power, apply a precautionary approach (see Thompson et 

al. 2000). While there are many possible questions that could be asked concerning the 

Fiordland bottlenose dolphins, I believe those of greatest importance include: 

• Identifying distinct behavioural, ecological and pathological characteristics of 

mothers and calves that exhibit increased risk of calf mortality in Doubtful Sound 

• Assessing links between these characteristics and anthropogenic changes via 

comparative studies between Doubtful and Dusky Sounds 

• Quantifying relative contributions of key human impacts (i.e. freshwater discharge 

and tourism) to the population decline in Doubtful Sound 

• Comparing adult and calf survival rates among the three Fiordland dolphin groups 

• Assessing the relationship between oceanographic conditions and calf survival, 

birth seasonality and population-level movements in Doubtful and Dusky Sounds 

• Quantifying prey resources in Doubtful and Dusky Sounds and assessing whether 

prey depletion could be a factor in the population decline in Doubtful Sound 

• Estimating abundance for the Northern Fiordland population, documenting home 

range and assessing the potential for interchange with other Fiordland groups 
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• Quantifying the effect of management measures on the Doubtful Sound population 

and conduct a comparative assessment of alternative management options 

Investigating these eight key questions will increase our knowledge of causal factors 

behind the population decline in Doubtful Sound while broadening our understanding 

of the conservation requirements of Fiordland bottlenose dolphins as a whole. Through 

carefully focused research and management, I believe it is possible to ensure that 

Fiordland bottlenose dolphins are accorded that most basic of rights: continued 

existence. 

 



 

References 

Akaike, H. 1973. Information theory as an extension of the maximum likelihood 

principle. In B. N. Petrov & F. Csaki (Eds.), Proceedings of the Second International 

Symposium on Information Theory. IEE Computer Society Press, Budapest, Hungary. 

267–281 pp. 

Akçakaya, H. R., Ferson, S., Burgman, M. A., Keith, D. A., Mace, G. M., & Todd, C. 

R. 2000. Making consistent IUCN classifications under uncertainty. Conservation 

Biology 14(4): 1001-1013. 

Albanese, J. 2003. A metric method for sex determination using the hipbone and the 

femur. Journal of Forensic Sciences 48(2): 263-73. 

Allee, W. C. 1931. Animal aggregations: a study in general sociology. Chicago, 

University of Chicago Press. 

Altman, D. G., & Bland, J. M. 1996. Absence of evidence is not evidence of absence. 

Australian Veterinary Journal 74(4): 311-311. 

Anderson, D. R. 2008. Model based inference in the life sciences: a primer on 

evidence. New York, Springer, 184 pp. 

Au, W. W. L. 1993. The sonar of dolphins. New York, Springer-Verlag, 277 pp. 

Bearzi, G. 2000. First report of a common dolphin (Delphinus delphis) death following 

penetration of a biopsy dart. Journal of Cetacean Research and Management 2(3): 217-

222. 

Bearzi, G. 2007. Marine conservation on paper. Conservation Biology 21(1): 1-3. 

Bearzi, G., Notarbartolo di Sciara, G., & Politi, E. 1997. Social ecology of bottlenose in 

the Kvareric (Northern Adriatic Sea). Marine Mammal Science 13(4): 650-668. 



References  158 

 

Bearzi, G., Reeves, R. R., Notarbartolo di Sciara, G., Politi, E., Cañadas, A., Frantzis, 

A., & Mussi, B. 2003. Ecology, status and conservation of short-beaked common 

dolphins (Delphinus delphis) in the Mediterranean Sea. Mammal Review 33(3): 224-

252. 

Beentjes, M. P., & Carbines, G. D. 2005. Population structure and relative abundance 

of blue cod (Parapercis colias) off Banks Peninsula and in Dusky Sound, New Zealand. 

New Zealand Journal of Marine and Freshwater Research 39(1): 77-90. 

Bejder, L. 2005. Linking short and long-term effects of nature-based tourism on 

cetaceans. Unpublished PhD Thesis, Dalhousie University, Halifax. 

Bejder, L., Samuels, A., Whitehead, H., Gales, N., Mann, J., Connor, R. C., Heithaus, 

M. R., Watson-Capps, J. J., Flaherty, C., & Krützen, M. 2006. Decline in relative 

abundance of bottlenose dolphins exposed to long-term disturbance. Conservation 

Biology 20(6): 1791-1798. 

Berrow, S. D., McHugh, B., Glynn, D., McGovern, E., Parsons, K. M., Baird, R. W., & 

Hooker, S. K. 2002. Organochlorine concentrations in resident bottlenose dolphins 

(Tursiops truncatus) in the Shannon estuary, Ireland. Marine Pollution Bulletin 44: 

1296-1303. 

Bertellotti, M., Tella, J. L., Godoy, J. A., Blanco, G., Forero, M. G., Donázar, J. A., & 

Ceballos, O. 2002. Determining sex of magellanic penguins using molecular procedures 

and discriminant functions. Waterbirds 25(4): 479-484. 

Boisseau, O. J. 2003. A summary of research conducted on the bottlenose dolphins of 

Fiordland. Invercargill, Department of Conservation, Southland Conservancy, 34 pp. 

Boisseau, O. J. 2004. The acoustic behaviour of resident bottlenose dolphins in 

Fiordland, New Zealand. Unpublished PhD Thesis, University of Otago, Dunedin. 272 

pp. 



References  159 

 

Boisseau, O. J. 2005. Quantifying the acoustic repertoire of a population: the 

vocalizations of free-ranging bottlenose dolphins in Fiordland, New Zealand. Journal of 

the Acoustical Society of America 117(4): 2318-2329. 

Boyle, M. C., Jillett, J. B., & Mladenov, P. V. 2001. Intertidal communities in Doubtful 

Sound, New Zealand: changes over time. New Zealand Journal of Marine and 

Freshwater Research 35(4): 663-673. 

Bradshaw, C. J. A., Mollet, H. F., & Meekan, M. G. 2007. Inferring population trends 

for the world's largest fish from mark-recapture estimates of survival. Journal of Animal 

Ecology 76(3): 480-89. 

Bräger, S., & Schneider, K. 1998. Near-shore distribution and abundance of dolphins 

along the west coast of the South Island, New Zealand. New Zealand Journal of Marine 

and Freshwater Research 32(1): 105-112. 

Buckland, S. T. 1982. A mark-recapture survival analysis. Journal of Animal Ecology 

51(3): 833-847. 

Buckland, S. T. 1990. Estimation of survival rates from sightings of individually 

identifiable whales. Reports of the International Whaling Commission Special Issue 

12: 149–153. 

Buckland, S. T., Anderson, D. R., Burnham, K. P., & Laake, J. L. 1993. Distance 

sampling: estimating abundance of biological populations. London, Chapman and Hall, 

446 pp. 

Burgman, M. A., Akçakaya, H. R., & Ferson, S. 1993. Risk Assessment in 

Conservation Biology. London, Chapman and Hall, 314 pp. 

Burnham, K. P., & Anderson, D. R. 2001. Kullback-Leibler information as a basis for 

strong inference in ecological studies. Wildlife Research 28(2): 111-120. 



References  160 

 

Burnham, K. P., & Anderson, D. R. 2002. Model selection and multi-model inference: 

a practical information-theoretic approach (Second ed.). New York, Springer-Verlag, 

496 pp. 

Börjesson, P., & Read, A. J. 2003. Variation in timing of conception between 

populations of the harbour porpoise. Journal of Mammalogy 84(3): 948-955. 

Casey, J. M., & Myers, R. A. 1998. Near extinction of a large, widely distributed fish. 

Science 281(5377): 690. 

Caswell, H., Fujiwara, M., & Brault, S. 1999. Declining survival probability threatens 

the North Atlantic right whale. Proceedings of the National Academy of Sciences 96: 

3308-3313. 

Caughley, G. 1994. Directions in Conservation Biology. Journal of Animal Ecology 

63(2): 215-244. 

Caughley, G., & Gunn, A. 1996. Conservation biology in theory and practice. 

Cambridge, Blackwell Science. 

Cañadas, A., & Hammond, P. S. 2006. Model-based abundance estimates for 

bottlenose dolphins off southern Spain: implications for conservation and 

management. Journal of Cetacean Research and Management 8(1): 13-27. 

Chapman, D. G. 1951. Some properties of the hypergeometric distribution with 

applications to zoological sample censuses. University of California Publications in 

Statistics 1(7): 131-160. 

Cheal, A. J., & Gales, N. J. 1992. Growth, sexual maturity and food intake of 

Australian Indian Ocean bottlenose dolphins, Tursiops truncatus, in captivity. 

Australian Journal of Zoology 40(215-223). 

Chong, A. K., & Schneider, K. 2001. Two-medium photogrammetry for bottlenose 

dolphin studies. Photogrammetric engineering and remote sensing 67(5): 621-628. 



References  161 

 

Connor, R. C., & Norris, K. S. 1982. Are dolphins reciprocal altruists? American 

Naturalist 119(3): 358-374. 

Connor, R. C., Mann, J., Tyack, P. L., & Whitehead, H. 1998. Social evolution in 

toothed whales. Trends in Ecology & Evolution 13(6): 228-232. 

Connor, R. C., Wells, R. S., Mann, J., & Read, A. J. 2000. The bottlenose dolphin: 

social relationships in a fission–fusion society. In J. Mann, R. C. Connor, P. L. Tyack 

& H. Whitehead (Eds.), Cetacean societies. University of Chicago Press, Chicago. 91–

126 pp. 

Constantine, R. 2002. The behavioural ecology of the bottlenose dolphins (Tursiops 

truncatus) of northeastern New Zealand: a population exposed to tourism. Unpublished 

PhD Thesis, University of Auckland, Auckland. 195 pp. 

Corkrey, R., Brooks, S. P., Lusseau, D., Parsons, K., Durban, J. W., Hammond, P. S., & 

Thompson, P. M. in press. A Bayesian capture-recapture population model with 

simultaneous estimation of heterogeneity. Journal of the American Statistical 

Association. 

Cormack, R. M. 1964. Estimates of survival from the sighting of marked animals. 

Biometrika 51(3/4): 429-438. 

Currey, R. J. C. 2006. Cetacean sightings off the Fiordland coastline: Initial report on 

the analysis of commercial marine mammal viewing data 1996-2005. Report for the 

Department of Conservation, Southland Conservancy, Invercargill, New Zealand. 52 

pp. 

Currey, R. J. C. in press. Current population status and trends for bottlenose dolphins 

in Fiordland. Report for the Department of Conservation, Southland Conservancy, 

Invercargill, New Zealand. 

Currey, R. J. C., & Rowe, L. E. 2008. Abundance and population structure of 

bottlenose dolphins in Doubtful and Dusky Sounds: Population monitoring in Summer 



References  162 

 

2007/2008. Report for the Department of Conservation, Southland Conservancy, 

Invercargill, New Zealand. 28 pp. 

Currey, R. J. C., Dawson, S. M., & Slooten, E. 2007. New abundance estimates suggest 

Doubtful Sound bottlenose dolphins are declining. Pacific Conservation Biology 13: 

265-273. 

Currey, R. J. C., Dawson, S. M., & Slooten, E. 2009. An approach for regional threat 

assessment under IUCN Red List criteria that is robust to uncertainty: The Fiordland 

bottlenose dolphins are critically endangered. Biological Conservation 142(8): 1570-

1579. DOI: 10.1016/j.biocon.2009.02.036. 

Currey, R. J. C., Rowe, L. E., Dawson, S. M., & Slooten, E. 2008a. Abundance and 

demography of bottlenose dolphins in Dusky Sound, New Zealand, inferred from dorsal 

fin photographs. New Zealand Journal of Marine and Freshwater Research 42: 439-449. 

Currey, R. J. C., Dawson, S. M., Slooten, E., Schneider, K., Lusseau, D., Boisseau, O. J., 

Haase, P. A., & Williams, J. A. 2008b. Survival rates for a declining population of 

bottlenose dolphins in Doubtful Sound, New Zealand: an information theoretic 

approach to assessing the role of human impacts. Aquatic Conservation: Marine and 

Freshwater Ecosystems DOI: 10.1002/aqc.1015. 

Dawson, S., Pichler, F., Slooten, E., Russell, K., & Baker, C. S. 2001. The North Island 

Hector's dolphin is vulnerable to extinction. Marine Mammal Science 17(2): 366-371. 

Dawson, S. M. 1991. Incidental catch of Hector's dolphin in inshore gillnets. Marine 

Mammal Science 7(3): 283-295. 

Dawson, S. M., Wade, P. R., Slooten, E., & Barlow, J. 2008. Design and field methods 

for sighting surveys of cetaceans in coastal and riverine habitats. Mammal Review 

38(1): 19-49. 



References  163 

 

Defran, R. H., Weller, D. W., Kelly, D. L., & Espinosa, M. A. 1999. Range 

characteristics of pacific coast bottlenose dolphins (Tursiops truncatus) in the Southern 

California Bight. Marine Mammal Science 15(2): 381-393. 

DeMaster, D. P., & Drevenak, J. K. 1988. Survivorship patterns in three species of 

captive cetaceans. Marine Mammal Science 4(4): 497-311. 

Devlin, C. M., Diamond, A. W., & Saunders, G. W. 2004. Sexing arctic terns in the 

field and laboratory. Waterbirds 27(3): 314-320. 

Durban, J. W., & Parsons, K. M. 2006. Laser-metrics of free ranging killer whales. 

Marine Mammal Science 22(3): 735-743. 

Estes, J. A., Tinker, M. T., Williams, T. M., & Doak, D. F. 1998. Killer whale 

predation on sea otters linking oceanic and nearshore ecosystems. Science 282: 473. 

Fair, P. A., Hulsey, T. C., Varela, R. A., Goldstein, J. D., Adams, J., Zolman, E. S., & 

Bossart, G. D. 2006. Hematology, serum chemistry, and cytology findings from 

apparently healthy Atlantic bottlenose dolphins (Tursiops truncatus) inhabiting the 

estuarine waters of Charleston, South Carolina. Aquatic Mammals 32: 182-195. 

Fertl, D., & Leatherwood, S. 1997. Cetacean interactions with trawls: a preliminary 

review. Journal of Northwest Atlantic Fishery Science 22: 219-248. 

Fiordland Marine Conservation Strategy. 2003. Guardians of Fiordland’s Fisheries & 

Marine Environment, Invercargill. 138 pp. 

Fiordland Regional Tourism Organisation Report. 2005. Tourism Research Council, 

Wellington, New Zealand. 

Fiordland Regional Tourism Organisation Report. 2006. New Zealand Regional 

Tourism Forecasts 2006-2012. Ministry of Tourism, Wellington. 



References  164 

 

Forcada, J., Gazo, M., Aguilar, A., Gonzalvo, J., & Fernandez-Contreras, M. 2004. 

Bottlenose dolphin abundance in the NW Mediterranean: addressing heterogeneity in 

distribution. Marine Ecology Progress Series 275: 275-287. 

Fowler, C. W. 1984. Density dependence in cetacean populations. Reports of the 

International Whaling Commission Special Issue 6: 373-379. 

Freestone, D., & Hey, E. 1995. The precautionary principle and international law: the 

challenge of implementation. The Hague, Kluwer Law International, 306 pp. 

Gibbs, M. T. 2001. Aspects of the structure and variability of the low-salinity-layer in 

Doubtful Sound, a New Zealand fiord. New Zealand Journal of Marine and Freshwater 

Research 35(1): 59-72. 

Gibbs, M. T., Bowman, M. J., & Dietrich, D. E. 2000. Maintenance of near-surface 

stratification in Doubtful Sound, a New Zealand fjord. Estuarine, Coastal and Shelf 

Science 51(6): 683-704. 

Gilpin, M. E., & Soule, M. E. 1986. Minimum viable populations: processes of species 

extinction. In M. E. Soule (Ed.), Conservation Biology: the science of scarcity and 

diversity. Sinauer Association, Sunderland. 19-34 pp. 

Gingras, M. L., Ventresca, D. A., & McGonigal, R. H. 1998. In-situ videography 

calibrated with 2 parallel lasers for calculation of fish length. California Fish and Game 

84: 36-39. 

Gormley, A. M. 2002. Use of mark-recapture for estimating the abundance of four 

marine mammal species in New Zealand. Unpublished MSc Thesis, University of 

Otago, Dunedin. 104 pp. 

Gormley, A. M., Dawson, S. M., Slooten, E., & Bräger, S. 2005. Capture-recapture 

estimates of Hector's dolphin abundance at Banks Peninsula, New Zealand. Marine 

Mammal Science 21(2): 204-216. 



References  165 

 

Grange, K. R. 1985. Distribution, standing crop, population structure, and growth rates 

of black coral in the southern fiords of New Zealand. New Zealand Journal of Marine 

and Freshwater Research 19(4): 467-475. 

Grange, K. R., & Singleton, R. J. 1988. Population structure of black coral, Antipathes 

aperta in the southern fiords of New Zealand. New Zealand Journal of Zoology 15(4): 

481-489. 

Haase, P. A. 2000. Social organisation, behaviour and population parameters of 

bottlenose dolphins in Doubtful Sound, Fiordland. Unpublished MSc Thesis, 

University of Otago, Dunedin. 110 pp. 

Haase, P. A., & Schneider, K. 2001. Birth demographics of bottlenose dolphins, 

Tursiops truncatus, in Doubtful Sound, Fiordland, New Zealand—preliminary findings. 

New Zealand Journal of Marine and Freshwater Research 35(4): 675-680. 

Hammond, P. S., Mizroch, S. A., & Donovan, G. P. 1990. Individual recognition of 

cetaceans: use of photo-identification and other techniques to estimate population 

parameters. Reports of the International Whaling Commission Special Issue 12. 

Hartung, J., Cottrell, J. E., & Giffin, J. P. 1983. Absence of evidence is not evidence of 

absence. Anesthesiology 58(3): 298-299. 

Harzen, S., & Brunnick, B. J. 1997. Skin disorders in bottlenose dolphins (Tursiops 

truncatus), resident in the Sado Estuary, Portugal. Aquatic Mammals 23(1): 59-68. 

Hedrick, P. W., Lacy, R. C., Allendorf, F. W., & Soule, M. E. 1996. Directions in 

conservation biology: comments on Caughley. Conservation Biology: 1312-1320. 

Hersh, S. L., Odell, D. K., & Asper, E. D. 1990. Bottlenose dolphin mortality patterns 

in the Indian/Banana River system of Florida. In S. Leatherwood & R. R. Reeves 

(Eds.), The bottlenose dolphin. Academic Press, San Diego. 155-164 pp. 



References  166 

 

Hitchmough, R., Bull, L., & Cromarty, P. 2007. New Zealand Threat Classification 

System lists—2005. NZ Department of Conservation, Wellington, NZ. 194 pp. 

Hooker, S. K., & Baird, R. W. 2001. Diving and ranging behaviour of odontocetes: a 

methodological review and critique. Mammal Review 31(1): 81-105. 

Howland, H. C. 1974. Optimal strategies for predator avoidance: the relative 

importance of speed and manoeuvrability. Journal of Theoretical Biology 47(2): 333-

350. 

Ingram, S. N., & Rogan, E. 2002. Identifying critical areas and habitat preferences of 

bottlenose dolphins Tursiops truncatus. Marine Ecology Progress Series 244: 247-255. 

IUCN 2001. IUCN Red List Categories and Criteria Version 3.1. IUCN Species 

Survival Commission. Gland and Cambridge, IUCN, 30 pp. 

IUCN 2003. Guidelines for Application of IUCN Red List Criteria at Regional Levels: 

Version 3.0. IUCN Species Survival Commission. Gland and Cambridge, IUCN, 26 

pp. 

IUCN 2008. 2008 IUCN Red List of Threatened Species. 

<http://www.iucnredlist.org>. 

Jaramillo-Legorreta, A., Rojas-Bracho, L., Brownell, R. L., Read, A. J., Reeves, R. R., 

Ralls, K., & Taylor, B. L. 2007. Saving the Vaquita: immediate action, not more data. 

Conservation Biology 21(6): 1653-1655. 

Jolly, G. M. 1965. Explicit estimates from capture-recapture data with both death and 

immigration-stochastic model. Biometrika 52(1/2): 225-247. 

Junge, R. E., & Louis, E. E. 2005. Biomedical evaluation of two sympatric lemur species 

(Propithecus verreauxi deckeni and Eulemur fulvus rufus) in Tsiombokibo classified forest, 

Madagascar. Journal of Zoo and Wildlife Medicine 36(4): 581-589. 



References  167 

 

Kogi, K., Hishii, T., Imamura, A., Iwatani, T., & Dudzinski, K. M. 2004. Demographic 

parameters of Indo-Pacific bottlenose dolphins (Tursiops aduncus) around Mikura 

island, Japan. Marine Mammal Science 20(3): 510-526. 

Kreb, D., & Budiono 2005. Conservation management of small core areas: key to 

survival of a Critically Endangered population of Irrawaddy river dolphins Orcaella 

brevirostris in Indonesia. Oryx 39(2): 178-188. 

Leatherwood, S., & Reeves, R. R. 1990. The bottlenose dolphin. San Diego, Academic 

Press, 653 pp. 

Leatherwood, S., Reeves, R. R., Perrin, W. F., & Evans, W. E. 1988. Whales, dolphins, 

and porpoises of the Eastern North Pacific and adjacent Arctic waters: a guide to their 

identification. New York, Dover Publications, 256 pp. 

Lebreton, J. D., Burnham, K. P., Clobert, J., & Anderson, D. R. 1992. Modeling 

survival and testing biological hypotheses using marked animals: a unified approach 

with case studies. Ecological Monographs 62(1): 67-118. 

LeDuc, R. G., & Curry, B. E. 1998. Mitochondrial DNA sequence analysis indicates 

need for revision of Tursiops. Reports of the International Whaling Commission 47: 

393. 

LeDuc, R. G., Perrin, W. F., & Dizon, A. E. 1999. Phylogenetic relationships among 

the delphinid cetaceans based on full cytochrome b sequences. Marine Mammal 

Science 15(3): 619-648. 

Lusseau, D. 2003a. The effects of tourism activities on bottlenose dolphins (Tursiops 

spp.) in Fiordland, New Zealand. Unpublished PhD Thesis, University of Otago, 

Dunedin. 244 pp. 

Lusseau, D. 2003b. Male and female bottlenose dolphins Tursiops spp. have different 

strategies to avoid interactions with tour boats in Doubtful Sound, New Zealand. 

Marine Ecology Progress Series 257: 267-274. 



References  168 

 

Lusseau, D. 2003c. Effects of tour boats on the behavior of bottlenose dolphins: using 

markov chains to model anthropogenic impacts. Conservation Biology 17(6): 1785-

1793. 

Lusseau, D. 2003d. The emergent properties of a dolphin social network. Proceedings of 

the Royal Society B: Biological Sciences 270: 186-188. 

Lusseau, D. 2004. The hidden cost of tourism: detecting long-term effects of tourism 

using behavioral information. Ecology and Society 9(1): 2. 

Lusseau, D. 2005a. The state of the scenic cruise industry in the Doubtful Sound in 

relation to a key natural resource: bottlenose dolphins. In M. Hall & S. Boyd (Eds.), 

Nature-based tourism in peripheral areas: development or disaster? Channel View 

Publications, London. 246-260 pp. 

Lusseau, D. 2005b. Residency pattern of bottlenose dolphins Tursiops spp. in Milford 

Sound, New Zealand, is related to boat traffic. Marine Ecology Progress Series 295: 

265-272. 

Lusseau, D. 2006. The short-term behavioral reactions of bottlenose dolphins to 

interactions with boats in Doubtful Sound, New Zealand. Marine Mammal Science 

22(4): 802-818. 

Lusseau, D. 2007. Why are male social relationships complex in the Doubtful Sound 

bottlenose dolphin population? PLoS ONE 2(4): e348. 

Lusseau, D., & Slooten, E. 2002. Cetacean sightings off the Fiordland coastline. 

Science for Conservation 187: 42 p. 

Lusseau, D., & Higham, J. E. S. 2004. Managing the impacts of dolphin-based tourism 

through the definition of critical habitats: the case of bottlenose dolphins (Tursiops 

spp.) in Doubtful Sound, New Zealand. Tourism Management 25(6): 657-667. 



References  169 

 

Lusseau, D., & Newman, M. E. J. 2004. Identifying the role that animals play in their 

social networks. Proceedings of the Royal Society B: Biological Sciences 271: 477-481. 

Lusseau, D., Slooten, E., & Currey, R. J. C. 2006a. Unsustainable dolphin-watching 

tourism in Fiordland, New Zealand. SC/58/WW6. 58th meeting of the International 

Whaling Commission Scientific Committee, St Kitts and Nevis. 

Lusseau, D., Slooten, E., & Currey, R. J. C. 2006b. Unsustainable dolphin-watching 

tourism in Fiordland, New Zealand. Tourism in Marine Environments 3(2): 173-178. 

Lusseau, D., Slooten, E., Dawson, S. M., & Higham, J. E. S. 2002. The effects of 

tourism activities on bottlenose dolphins (Tursiops spp.) in Fiordland. Wellington, 

New Zealand, Report for the Department of Conservation, Southland Conservancy. 

Lusseau, D., Lusseau, S. M., Bejder, L., & Williams, R. 2006c. An individual-based 

model to infer the impact of whalewatching on cetacean population dynamics. 

SC/58/WW7. 58th meeting of the International Whaling Commission Scientific 

Committee, St Kitts and Nevis. 

Lusseau, D., Schneider, K., Boisseau, O. J., Haase, P. A., Slooten, E., & Dawson, S. M. 

2003. The bottlenose dolphin community of Doubtful Sound features a large 

proportion of long-lasting associations—can geographic isolation explain this unique 

trait? Behavioral Ecology and Sociobiology 54(4): 396-405. 

Lusseau, S. M., & Wing, S. R. 2006. Importance of local production versus pelagic 

subsidies in the diet of an isolated population of bottlenose dolphins Tursiops sp. 

Marine Ecology Progress Series 321: 283-293. 

Mabin, M. 2008. Manapouri amended tailrace discharge project: description of the 

proposed activity. Unpublished report for Median Energy Ltd. 

MacKenzie, D. I., Nichols, J. D., Royle, J. A., Pollock, K. H., Bailey, L. L., & Hines, J. 

E. 2005. Occupancy estimation and modeling: inferring patterns and dynamics of 

species occurrence. San Diego, Elsevier, 324 pp. 



References  170 

 

Mangel, M., Talbot, L. M., Meffe, G. K., Agardy, M. T., Alverson, D. L., Barlow, J., 

Botkin, D. B., Budowski, G., Clark, T., Cooke, J., et al. 1996. Principles for the 

conservation of wild living resources. Ecological Applications 6(2): 338-362. 

Mann, J., & Watson-Capps, J. J. 2005. Surviving at sea: ecological and behavioural 

predictors of calf mortality in Indian Ocean bottlenose dolphins, Tursiops sp. Animal 

Behaviour 69(4): 899-909. 

Mann, J., Connor, R. C., Barre, L. M., & Heithaus, M. R. 2000. Female reproductive 

success in bottlenose dolphins (Tursiops sp.): life history, habitat, provisioning, and 

group-size effects. Behavioral Ecology 11(2): 210-219. 

Marine Mammal Viewing Code of Practice. 2006. Department of Conservation, 

Invercargill. 

Marino, L., Connor, R. C., Fordyce, R. E., Herman, L. M., Hof, P. R., Lefebvre, L., 

Lusseau, D., McCowan, B., Nimchinsky, E. A., Pack, A. A., Rendell, L., Reidenberg, J. 

S., Reiss, D., Uhen, M. D., Van der Gucht, E., & Whitehead, H. 2007. Cetaceans have 

complex brains for complex cognition. PLoS Biology 5(5): e139. 

Mark, A. F. 1998. Te Waahipounamu: South-west New Zealand World Heritage Area. 

Ecological research and conservation history. Journal of the Royal Society of New 

Zealand 28(4): 657-684. 

Martien, K. K., Taylor, B. L., Slooten, E., & Dawson, S. M. 1999. A sensitivity analysis 

to guide research and management for Hector's dolphin. Biological Conservation 

90(3): 183-191. 

Meagher, E. M., McLellan, W. A., Westgate, A. J., Wells, R. S., Blum, J. E., & Pabst, 

D. A. 2008. Seasonal patterns of heat loss in wild bottlenose dolphins (Tursiops 

truncatus). Journal of Comparative Physiology B: Biochemical, Systemic, and 

Environmental Physiology 178: 529-543. 



References  171 

 

Moberg, G. P., & Mench, J. A. 2000. The biology of animal stress: basic principles and 

implications for animal welfare. Oxford, CABI Publishing, 380 pp. 

Moller, L. M., & Harcourt, R. G. 1998. Social dynamics and activity patterns of 

bottlenose dolphins, Tursiops truncatus, in Jervis Bay, Southeastern Australia. 

Proceedings of the Linneaen Society of New South Wales 120: 181-190. 

Nichols, J. D., Hines, J. E., Lebreton, J. D., & Pradel, R. 2000. Estimation of 

contributions to population growth: a reverse-time capture–recapture approach. 

Ecology 81(12): 3362-3376. 

Oftedal, O. T. 1984. Milk composition, milk yield and energy output at peak lactation: 

a comparative review. In M. Peaker, R. G. Vernon & C. H. Knight (Eds.), 

Physiological strategies in lactation. Academic Press, London. 33-85 pp. 

Pascual, M. A., & Adkison, M. D. 1994. The decline of the steller sea lion in the 

northeast Pacific: demography, harvest or environment? Ecological Applications 4(2): 

393-403. 

Peake, B. M., Walls, D. J., & Gibbs, M. T. 2001. Spatial variations in the levels of 

nutrients, chlorophyll a, and dissolved oxygen in summer and winter in Doubtful 

Sound, New Zealand. New Zealand Journal of Marine and Freshwater Research 35(4): 

681-694. 

Perrin, W. F., & Reilly, S. B. 1984. Reproductive parameters of dolphins and small 

whales of the family Delphinidae. Reports of the International Whaling Commission 

Special Issue 6: 97–133. 

Perryman, W. L., & Lynn, M. S. 2002. Evaluation of nutritive condition and 

reproductive status of migrating gray whales (Eschrichtius robustus) based on analysis of 

photogrammetric data. Journal of Cetacean Research and Management 4: 155-164. 



References  172 

 

Pettis, H. M., Rolland, R. M., Hamilton, P. K., Brault, S., Knowlton, A. R., & Kraus, S. 

D. 2004. Visual health assessment of North Atlantic right whales (Eubalaena glacialis) 

using photographs. Canadian Journal of Zoology 82: 8-19. 

Platt, J. R. 1964. Strong inference certain systematic methods of scientific thinking 

may produce much more rapid progress than others. Science 146(3642): 347-353. 

Powell, L. A. 2007. Approximating variance of demographic parameters using the delta 

method: a reference for avian biologists. Condor 109(4): 949-954. 

Pradel, R. 1996. Utilization of capture-mark-recapture for the study of recruitment and 

population growth rate. Biometrics 52(2): 703–709. 

Preen, A. R., Marsh, H., Lawler, I. R., Prince, R. I. T., & Shepherd, R. 1997. 

Distribution and abundance of dugongs, turtles, dolphins and other megafauna in 

Shark Bay, Ningaloo Reef and Exmouth Gulf, Western Australia. Wildlife Research 

24(2): 185-208. 

Read, A. J., Drinker, P., & Northridge, S. 2006. Bycatch of marine mammals in US 

and global fisheries. Conservation Biology 20(1): 163-169. 

Read, A. J., Wells, R. S., Hohn, A. A., & Scott, M. D. 1993. Patterns of growth in wild 

bottlenose dolphins, Tursiops truncatus. Journal of Zoology 231: 107-123. 

Reeves, R. R., & Leatherwood, S. 1994. 1998 Action plan for the conservation of 

cetaceans: dolphins, porpoises, and whales. Gland and Cambridge, IUCN/SSC 

Cetacean Specialist Group, 91 pp. 

Reeves, R. R., Smith, B. D., Crespo, E. A., & Notarbartolo di Sciara, G. 2003. 

Dolphins, whales and porpoises: 2002-2010 conservation plan for the world's 

cetaceans. Gland and Cambridge, IUCN/SSC Cetacean Specialist Group, 139 pp. 

Reif, J. S., Fair, P. A., Adams, J., Joseph, B., Kilpatrick, D. S., Sanchez, R., Goldstein, J. 

D., Townsend Jr, F. I., McCulloch, S. D., & Mazzoil, M. 2008. Evaluation and 



References  173 

 

comparison of the health status of Atlantic bottlenose dolphins from the Indian River 

Lagoon, Florida, and Charleston, South Carolina. Journal of the American Veterinary 

Medical Association 233(2): 299-307. 

Reynolds, J. E., Wells, R. S., & Eide, S. D. 2000. The bottlenose dolphin: biology and 

conservation. Gainesville, University Press of Florida, 288 pp. 

Rice, D. W. 1998. Marine mammals of the world: systematics and distribution. Society 

for Marine Mammalogy, Special Publication No. 4. Lawrence, Allen Press, 231 pp. 

Robbirt, K. M., Roberts, D. L., & Hawkins, J. A. 2006. Comparing IUCN and 

probabilistic assessments of threat: do IUCN Red List criteria conflate rarity and 

threat? Biodiversity and Conservation 15(6): 1903-1912. 

Romesburg, H. C. 1981. Wildlife science: gaining reliable knowledge. Journal of 

Wildlife Management 45(2): 293-313. 

Rowe, L. E. 2008. Beyond identity: new information from identification photographs of 

bottlenose dolphins. Unpublished MSc Thesis, University of Otago, Dunedin. 96 pp. 

Rowe, L. E., & Dawson, S. M. in press-a. Sexual dimorphism in dorsal fin size in a 

population of bottlenose dolphins from Fiordland, New Zealand. Australian Journal of 

Zoology. 

Rowe, L. E., & Dawson, S. M. in press-b. Determining the sex of bottlenose dolphins 

from Doubtful Sound using dorsal fin photographs. Marine Mammal Science DOI: 

10.1111/j.1748-7692.2008.00235.x. 

Rowe, L. E., Currey, R. J. C., & Johnson, D. 2008. Comparative visual health 

assessment of bottlenose dolphins in Doubtful and Dusky Sounds using dorsal fin 

photographs and photogrammetry. Report for the Department of Conservation, 

Southland Conservancy, Invercargill, New Zealand. 27 pp. 



References  174 

 

Rutger, S. M., & Wing, S. R. 2006. Effects of freshwater input on shallow-water 

infaunal communities in Doubtful Sound, New Zealand. Marine Ecology Progress 

Series 314: 35-47. 

Saether, B. E., Engen, S., Lande, R., Moller, A. P., Bensch, S., Hasselquist, D., Beier, J., 

& Leisler, B. 2004. Time to extinction in relation to mating system and type of density 

regulation in populations with two sexes. Journal of Animal Ecology 73(5): 925-934. 

Sandercock, B. K., & Beissinger, S. R. 2002. Estimating rates of population change for 

a neotropical parrot with ratio, mark-recapture and matrix methods. Journal of Applied 

Statistics 29(1): 589-607. 

Scarpaci, C., Dayanthi, N., & Corkeron, P. J. 2003. Compliance with regulations by 

“swim-with-dolphins” operations in Port Phillip Bay, Victoria, Australia. 

Environmental Management 31(3): 342-347. 

Scarpaci, C., Nugegoda, D., & Corkeron, P. J. 2004. No detectable improvement in 

compliance to regulations by "Swim-with-Dolphin" operators in Port Phillip Bay, 

Victoria Australia. Tourism in Marine Environments 1(1): 41-48. 

Schneider, K. 1999. Behaviour and ecology of bottlenose dolphins in Doubtful Sound, 

Fiordland, New Zealand. Unpublished PhD Thesis, University of Otago, Dunedin. 211 

pp. 

Schneider, K., Baird, R. W., Dawson, S. M., Visser, I., & Childerhouse, S. 1998. 

Reactions of bottlenose dolphins to tagging attempts using a remotely-deployed 

suction-cup tag. Marine Mammal Science 14(2): 316-324. 

Seber, G. A. F. 1965. A note on the multiple-recapture census. Biometrika 52(1/2): 

249-259. 

Seber, G. A. F. 1982. The estimation of animal abundance and related parameters 

(Second ed.). London, The Blackburn Press, 654 pp. 



References  175 

 

Shane, S. H., Wells, R. S., & Würsig, B. 1986. Ecology, behavior and social 

organization of the bottlenose dolphin: a review. Marine Mammal Science 2(1): 34-63. 

Shealer, D. A., & Cleary, C. M. 2007. Sex determination of adult black terns by DNA 

and morphometrics: Tests of sample size, temporal stability and geographic specificity 

in the classification accuracy of discriminant function models. Waterbirds 30(2): 180-

188. 

Sinclair, A. R. E. 1991. Science and the practice of wildlife management. Journal of 

Wildlife Management 55(4): 767-773. 

Slooten, E. 2007. Conservation management in the face of uncertainty: effectiveness of 

four options for managing Hector's dolphin bycatch. Endangered Species Research 

3(2): 169-179. 

Slooten, E., & Lad, F. 1991. Population biology and conservation of Hector's dolphin. 

Canadian Journal of Zoology 69(6): 1701-1707. 

Slooten, E., Dawson, S. M., & Lad, F. 1992. Survival rates of photographically 

identified Hector's dolphins from 1984 to 1988. Marine Mammal Science 8(4): 327-

343. 

Slooten, E., Fletcher, D., & Taylor, B. L. 2000. Accounting for uncertainty in risk 

assessment: case study of Hector's dolphin mortality due to gillnet entanglement. 

Conservation Biology 14(5): 1264-1270. 

Slooten, E., Dawson, S., Rayment, W., & Childerhouse, S. 2006. A new abundance 

estimate for Maui’s dolphin: What does it mean for managing this critically endangered 

species? Biological Conservation 128(4): 576-581. 

Small, R. J., & DeMaster, D. P. 1995. Acclimation to captivity: A quantitative 

estimate based on survival of bottlenose dolphins and California sea lions. Marine 

Mammal Science 11(4): 510-519. 



References  176 

 

Southland Tourism Strategy. 2005. Southland Tourism Strategy Advisory Group, 

Invercargill. 

St Aubin, D. J., & Dierauf, L. A. 2001. Stress and marine mammals. In L. A. Dierauf & 

F. M. D. Gulland (Eds.), CRC Handbook of Marine Mammal Medicine. CRC Press. 

253-269 pp. 

Stanton, B. R., & Pickard, G. L. 1981. Physical oceanography of the New Zealand 

fiords. New Zealand Oceanographic Institute Memoir 88: 3–37. 

Stephens, P. A., Sutherland, W. J., & Freckleton, R. P. 1999. What is the Allee effect? 

Oikos 87(1): 185-190. 

Stolen, M. K., & Barlow, J. 2003. A model life table for bottlenose dolphins (Tursiops 

truncatus) from the Indian River Lagoon system, Florida, U. S. A. Marine Mammal 

Science 19(4): 630-649. 

Struntz, D. J., McLellan, W. A., Dillaman, R. M., Blum, J. E., Kucklick, J. R., & Pabst, 

D. A. 2004. Blubber development in bottlenose dolphins (Tursiops truncatus). Journal 

of Morphology 259: 7-20. 

Susan, H., & Randall, S. 1986. Ecology, behavior and social organization of the 

bottlenose dolphin: a review. Marine Mammal Science 2(1): 34-63. 

Tallis, H. M., Wing, S. R., & Frew, R. D. 2004. Historical evidence for habitat 

conversion and local population decline in a New Zealand fjord. Ecological 

Applications 14(2): 546-554. 

Taylor, B. L. 1995. The reliability of using population viability analysis for risk 

classification of species. Conservation Biology 9(3): 551-558. 

Taylor, B. L., & Gerrodette, T. 1993. The uses of statistical power in conservation 

biology: the vaquita and northern spotted owl. Conservation Biology 7(3): 489-500. 



References  177 

 

Taylor, B. L., Chivers, S. J., Larese, J., & Perrin, W. F. 2007a. Generation length and 

percent mature estimates for IUCN assessments of cetaceans. Administrative Report 

LJ-07-01. Southwest Fisheries Science Center, La Jolla, CA. 24 pp. 

Taylor, B. L., Martinez, M., Gerrodette, T., Barlow, J., & Hrovat, Y. N. 2007b. Lessons 

from monitoring trends in abundance of marine mammals. Marine Mammal Science 

23(1): 157-175. 

Tezanos-Pinto, G., Scott Baker, C., Russell, K., Martien, K. K., Baird, R. W., Hutt, A., 

Stone, G., Mignucci-Giannoni, A. A., Caballero, S., Endo, T., Lavery, S., Oremus, M., 

Olavarria, C., & Garrigue, C. 2008. A Worldwide Perspective on the Population 

Structure and Genetic Diversity of Bottlenose Dolphins (Tursiops truncatus) in New 

Zealand. Journal of Heredity. 

Thompson, P. M., & Hammond, P. S. 1992. The use of photography to monitor dermal 

disease in wild bottlenose dolphins (Tursiops truncatus). Ambio 21: 135-137. 

Thompson, P. M., Wilson, B., Grellier, K., & Hammond, P. S. 2000. Combining power 

analysis and population viability analysis to compare traditional and precautionary 

approaches to conservation of coastal cetaceans. Conservation Biology 14(5): 1253-

1263. 

Tolley, K. A., Read, A. J., Wells, R. S., Urian, K. W., Scott, M. D., Irvine, A. B., & 

Hohn, A. A. 1995. Sexual dimorphism in wild bottlenose dolphins (Tursiops truncatus) 

from Sarasota, Florida. Journal of Mammalogy 76(4): 1190-1198. 

Townsend, A. J., de Lange, P. J., Duffy, C. A. J., Miskelly, C. M., Molloy, J., & Norton, 

D. A. 2007. New Zealand Threat Classification System manual. NZ Department of 

Conservation, Wellington, NZ. 35 pp. 

Urian, K. W., Duffield, D. A., Read, A. J., Wells, R. S., & Shell, E. D. 1996. 

Seasonality of reproduction in bottlenose dolphins, Tursiops truncatus. Journal of 

Mammalogy 77(2): 394-403. 



References  178 

 

Van Waerebeek, K., Van Bressem, M. F., Félix, F., Alfaro-Shigueto, J., García-Godos, 

A., Chávez-Lisambart, L., Ontón, K., Montes, D., & Bello, R. 1997. Mortality of 

dolphins and porpoises in coastal fisheries off Peru and southern Ecuador in 1994. 

Biological Conservation 81(1-2): 43-49. 

Visser, I. N. 2000. Killer whale (Orcinus orca) interactions with longline fisheries in 

New Zealand waters. Aquatic Mammals 26(3): 241-252. 

Webster, T. 2008. Demographics and social structure of Hector's dolphins at Banks 

Peninsula. Unpublished MSc Thesis, University of Otago, Dunedin. 

Wells, R. S., & Scott, M. D. 1990. Estimating bottlenose dolphin population 

parameters from individual identification and capture-release techniques. Reports of 

the International Whaling Commission Special Issue 12: 407-415. 

Wells, R. S., & Scott, M. D. 1999. Bottlenose dolphin Tursiops truncatus (Montagu, 

1821). In S. H. Ridgway & R. Harrison (Eds.), Handbook of Marine Mammals. 

Volume 6: The Second Book of Dolphins and the Porpoises. Academic Press, San 

Diego. 137–182 pp. 

Wells, R. S., Scott, M. D., & Irvine, A. B. 1987. The social structure of free-ranging 

bottlenose dolphins. In H. H. Genoways (Ed.), Current mammalogy. Volume 1. 

Plenum Press, New York. 247-305 pp. 

Wells, R. S., Rhinehart, H. L., Hansen, L. J., Sweeney, J. C., Townsend, F. I., Stone, 

R., Casper, D. R., Scott, M. D., Hohn, A. A., & Rowles, T. K. 2004. Bottlenose 

dolphins as marine ecosystem sentinels: developing a health monitoring system. 

EcoHealth 1(3): 246-254. 

White, G. C., & Burnham, K. P. 1999. Program MARK: survival estimation from 

populations of marked animals. Bird Study 46(Supplement): 120-138. 

Whitehead, H., & Mann, J. 2000. Female reproductive strategies of cetaceans. Life 

histories and calf care. In J. Mann, R. C. Connor, P. L. Tyack & H. Whitehead (Eds.), 



References  179 

 

Cetacean societies: Field studies of dolphins and whales. University of Chicago Press, 

Chicago. 219-246 pp. 

Whitt, A. D., & Read, A. J. 2006. Assessing compliance to guidelines by dolphin-

watching operators in Clearwater, Florida, USA. Tourism in Marine Environments 

3(2): 117-130. 

Wiley, D. N., Moller, J. C., Pace, R. M., & Carlson, C. 2008. Effectiveness of voluntary 

conservation agreements: case study of endangered whales and commercial whale 

watching. Conservation Biology 22(2): 450-457. 

Williams, B. K., Nichols, J. D., & Conroy, M. J. 2002. Analysis and management of 

animal populations. San Diego, Academic Press, 817 pp. 

Williams, J. A. 1992. The abundance and distribution of bottlenosed dolphins 

(Tursiops truncatus) in Doubtful Sound. Unpublished MSc Thesis, University of Otago, 

Dunedin. 58 pp. 

Williams, J. A., Dawson, S. M., & Slooten, E. 1993. The abundance and distribution of 

bottlenosed dolphins (Tursiops truncatus) in Doubtful Sound, New Zealand. Canadian 

Journal of Zoology 71(10): 2080-2088. 

Wilson, B., Thompson, P. M., & Hammond, P. S. 1997a. Skin lesions and physical 

deformities in bottlenose dolphins in the Moray Firth: population prevalence and age-

sex differences. Ambio 26(4): 243-247. 

Wilson, B., Thompson, P. M., & Hammond, P. S. 1997b. Habitat use by bottlenose 

dolphins: seasonal distribution and stratified movement patterns in the Moray Firth, 

Scotland. Journal of Applied Ecology 34(6): 1365-1374. 

Wilson, B., Hammond, P. S., & Thompson, P. M. 1999a. Estimating size and assessing 

trends in a coastal bottlenose dolphin population. Ecological Applications 9(1): 288-

300. 



References  180 

 

Wilson, B., Grellier, K., Hammond, P. S., Brown, G., & Thompson, P. M. 2000. 

Changing occurrence of epidermal lesions in wild bottlenose dolphins. Marine Ecology 

Progress Series 205: 283-290. 

Wilson, B., Arnold, H., Bearzi, G., Fortuna, C. M., Gaspar, R., Ingram, S. N., Liret, C., 

Pribanic, S., Read, A. J., Ridoux, V., Schneider, K., Urian, K. W., Wells, R. S., Wood, 

C., Thompson, P. M., & Hammond, P. S. 1999b. Epidermal diseases in bottlenose 

dolphins: impacts of natural and anthropogenic factors. Proceedings of the Royal 

Society B: Biological Sciences 266(1423): 1077-1083. 

Würsig, B., & Würsig, M. 1977. The photographic determination of group size, 

composition, and stability of coastal porpoises (Tursiops truncatus). Science 198: 755-

756. 

Würsig, B., & Jefferson, T. A. 1990. Methods of photo-identification for small 

cetaceans. Reports of the International Whaling Commission Special Issue 12: 43-52. 

Yaffee, S. L. 1997. Why environmental policy nightmares recur. Conservation Biology 

11(2): 328-337. 

 

 



 

Appendix A 

Unsustainable dolphin-watching tourism in Fiordland, 

New Zealand1,2 

 

Bottlenose dolphins are a key resource of the tourism industry in Fiordland and are used 

on a daily basis by the tour operators offering cruises on the fiords. Recent studies have 

shown that the current levels of dolphin-boat interactions in this region cannot be 

sustained by bottlenose dolphins. Interactions have both short- and long- term effects 

on both individuals and their populations. Recent preliminary modelling work is 

showing that these effects can consequently be affecting the viability of the three 

bottlenose dolphin populations living in Fiordland. We are currently observing drastic 

changes in the bottlenose dolphin population living in Doubtful Sound which can be 

linked to the level of boat interactions to which they are currently exposed. The 

creation of a multi-level marine mammal sanctuary would help minimise dolphin-boat 

interactions and still allow for some further growth in the tourism sector in Fiordland. 

                                                
1 Lusseau, D., Slooten, E., & Currey, R. J. C. 2006. Unsustainable dolphin-watching tourism in 

Fiordland, New Zealand. Tourism in Marine Environments 3(2): 173-178. 

2 Lusseau, D., Slooten, E., & Currey, R. J. C. 2006. Unsustainable dolphin-watching tourism in 

Fiordland, New Zealand. SC/58/WW6. 58th meeting of the International Whaling Commission 

Scientific Committee, St Kitts and Nevis. 
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Introduction 

Fiordland is one of the key destinations for international travellers visiting New 

Zealand as well as for New Zealanders. In 2002, 450,000 people visited Milford Sound 

and 41,000 visited Doubtful Sound, nearly all undertaking scenic cruises in those fiords 

(Marine Mammal Viewing Code of Practice 2006). This represented 58% of all visitors 

to the New Zealand Southland region in that year (Fiordland Regional Tourism 

Organisation Report 2005). In 2004, more than 1 million people visited Southland, a 

29% increase since 2002 (Fiordland Regional Tourism Organisation Report 2005). 

There was no estimate for the scenic cruise component of the industry but the increase 

in participation was most likely similar or higher. Recent economic analyses show that 

tourism is one of the strongest assets of Fiordland accounting for 12% of jobs in the 

Southland region of New Zealand and providing NZ$368 million/year (US$ 233 

million) for that region (Southland Tourism Strategy 2005). Fiordland is a young 

tourism destination in New Zealand and is currently undergoing a rapid expansion 

(only 247,000 tourists visited Milford Sound in 1992) on which the region is 

understandably eager to capitalise by increasing tourism opportunities (Southland 

Tourism Strategy 2005). 

 

People come to Fiordland to experience wilderness and many undertake scenic cruises 

on the fiords. The scenic cruise industry relies on bottlenose dolphins as one of their 

key assets (Lusseau 2005a), it is therefore crucial to maintain viable populations of this 

species in the region and prevent any activities that may alter the biology and/or 

ecology of those populations. Failure to do so, as we argued before (Lusseau et al. 2002; 

Lusseau 2004; Lusseau & Higham 2004; Lusseau 2005b), will undermine the 

sustainability of the scenic cruise industry in this region and taint the “Green Image” of 

New Zealand which attracts so many visitors to this country. 

 

Fiordland is home to three small populations of bottlenose dolphins (Tursiops sp.) 

which seem to have very restricted social and genetic interactions (Williams et al. 

1993; Lusseau et al. 2003; Tezanos-Pinto et al. 2008). They are the southernmost 

resident populations of the species and are therefore subjected to higher environmental 

stress relating to life at high latitudes (Schneider 1999). All three populations regularly 

interact with tour boats with varying degrees of intensity. In the period 1999-2002 
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more than 8500 boat tours per year were offered in Milford Sound, 1700/year in 

Doubtful Sound and a much lower level, not quantified, occurred in Dusky/Breaksea 

Sound (Lusseau 2004). During those years, dolphins spent 11% of their time 

interacting with boats in Doubtful Sound and, intriguingly, exposure to interactions 

was similar in Milford Sound (13%). A study was carried out at that time to quantify 

the effects of boat tours on these populations of dolphins. We present here a short 

overview of the main findings of this study, the recommendations that were made to 

achieve sustainability and an update on the implementation of these recommendations. 

 

Boat interactions affect the biology of Fiordland bottlenose dolphins 

In Milford Sound, a large proportion (8-10%) of dolphins in the population were 

bearing marks of physical injuries caused by boat strikes (Lusseau et al. 2002). One calf 

was also shown to have been killed by a tour boat in 2002 (Lusseau et al. 2002), this 

reduced the reproductive success of the population that year by 50% since only two 

calves were born in the population. 

 

Monitoring the respiration rate of individuals can help in understanding the 

physiological constraints they are faced with since this physiological parameter is 

directly linked to metabolic demands. We followed individuals and recorded the time 

elapsed between surfacings with and without boats present as well as depending on the 

behaviour of boats (whether the boats violated the New Zealand Marine Mammal 

Protection Regulations). We observed typical vertical avoidance during interactions 

with boats and regulation violations had an additive effect for females (Lusseau 2003b). 

The more violations were committed during an interaction, the greater the increase in 

dive interval for females (Figure 1). By contrast males were not as affected by violations 

(Figure 1). Moreover, the effect on females was substantial with an 18.6% increase in 

dive interval when one violation occurred, and 37.1% increase for more than one 

violation. Following predator avoidance strategy theory, we concluded that the 

observed extra energetic demand on females, related to their metabolic rate and smaller 

size, prevented them from vertically avoiding a perceived threat (Howland 1974). They 

would have therefore only increased their dive interval when necessary, i.e. when the 

threat is real (e.g. risk of injuries for example) during intrusive interactions. Males 

would have more energy available to avoid any potential problem via short-term 
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vertical avoidance. This showed that responses to boat interactions had a significant 

biological cost that may be difficult to be met by females. Having to meet this cost 

could result in reduced reproductive success for females (Moberg & Mench 2000). 

 

 

 

Figure 1: The effects of boat interactions on the surfacing pattern of female and male 

dolphins in Doubtful Sound. Both sexes increase their dive intervals, that is spend 

more time underwater, when interacting with boats. However, while male’s dive 

intervals do not change with the intrusiveness of boat interactions (measured as the 

number of violations of the MMPR during interactions), female’s dive intervals 

increase steadily with the intrusiveness of interactions. 

 

Boat interactions affect the behavioural budget of 

Fiordland bottlenose dolphin populations 

In both fiords the behavioural budget of dolphins changed significantly during boat 

interactions in a similar fashion (Lusseau 2004). These interactions disrupted 

significantly the dolphins’ resting behaviour and increased the amount of time they 

spent travelling, to horizontally avoid boats. These changes did not alter the overall 

behavioural budget of the populations because schools of dolphins did not spend 
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enough time exposed to boats. However, comparing both fiords showed that this short-

term behavioural disruption strategy was no longer advantageous if there was typically 

less than 68 minutes between two boat interactions (Figure 2). Beyond this threshold 

the time elapsed between two boat interactions was no longer directly related to the 

number of boat trips undertaken but remained constant. This shows that dolphins 

actively avoided boat interactions in order not to exceed this interaction frequency 

threshold. In order for the behavioural budget of dolphins, and consequently their 

energetic budget, to not change significantly, dolphins switch to long-term area 

avoidance when boat interactions were too frequent (Lusseau 2004; 2005b). 
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Figure 2: The average time spent between two interactions with boats each season in 

Fiordland in relation to the number of boat trips offered in the same location during 

that season. The average time between two interactions is estimated using the 

likelihood to spend the time between two samples without interactions both in Milford 

Sound and Doubtful Sound (see Lusseau 2004 for details). 
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Boat interactions affect the ecology of 

Fiordland bottlenose dolphin populations 

This long-term area avoidance strategy resulted in the displacement of dolphins from 

their habitat; dolphins avoiding altogether the fiord when boating intensity was high 

(Lusseau 2005a). This meant spending significantly less time in Milford Sound during 

tourism peak seasons (Figure 3) and that their residency pattern was significantly 

negatively related to boat traffic. When dolphins visited Milford Sound they also 

avoided being inside the fiord, i.e. where boats cruised, during peaks in traffic. The 

likelihood that they would be found inside the fiord when present in Milford Sound 

was also significantly negatively related to boat traffic. 
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Figure 3: The relationship between the number of boat trips offered each season and 

the seasonal residency index of bottlenose dolphins in Milford Sound between 

December 1999 and February 2002 (9 seasons). The residency index is the number of 

days when dolphins were present in the fiord related to the number of days of field 

effort each season. 
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Solutions for sustainable tourism 

These findings resulted in a conundrum: how can these impacts be resolved without 

impeding tourism growth? Interactions between boats and dolphins needed to be 

limited, especially when dolphins were resting and socialising, but boats that held 

dolphin watching permits still needed to be able to access this resource. We proposed 

the creation of a multi-level marine mammal sanctuary (Figure 4) in order to resolve 

this conflict (Lusseau & Higham 2004). The idea behind the sanctuary was to provide 

dolphin-watching permitted operators with more opportunities to encounter dolphins 

than other operators in the area, and provide dolphins with no boat zones. This zoning 

would result in restricting access for only 15% of the fiord, in the case of Doubtful 

Sound, and provide no-boat zone status to 50-60% of locations where dolphins were 

observed resting and socialising. 

 

Conclusions 

In 2002, the study reached the following conclusions: 

 

“On a long-term basis, bottlenose dolphins cannot sustain the types of activities 

undertaken by the scenic cruise industry in Doubtful Sound. The tourism sector is 

currently at a crossroad in this fjord… Sustainability can be achieved if the results of 

this study are incorporated in a management framework. If the current development 

scheme is left unaltered the industry will impact upon both the local natural resources 

and the local community beyond repair. Moreover, the activities offered in the fjord 

will not match the expectation of visitors, which will irrevocably compromise the 

economic sustainability of the tourism operations.” (Lusseau 2004 p. 2) 

 

“It is necessary to place a limit on the number of trips that can be offered by all 

companies utilising Milford Sound” (Lusseau et al. 2002 p. 64) 

 

This advice was delivered in 2002. However since then levels of activities have 

continued to increase, offering a natural experiment to test our predictions. In 2006, a 

new company was granted consent to operate in Milford Sound. Facilities at the 

harbour have also been expanded in 2005-2006 in order to accommodate more tourists. 

The growth of the cruise industry in Doubtful Sound has also continued, with several 
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tour operating companies increasing their level of activities since 2002. While many of 

these companies are not planning to target dolphins within their tours, since they did 

not apply for dolphin-watching permits, we clearly showed in the 2002 study that non-

permitted operators were still significantly interacting with dolphins (Lusseau 2003a; 

2005a) in Fiordland. Therefore despite our advice the increase of dolphin-boat 

interactions in both fiords has been allowed. 

 

The occurrence of stillbirths significantly increased in the population. Tourism 

activities increased in Doubtful Sound from 1994 to 2006. The number of boats 

operating in the fiord in 2000-2006 more than doubled in comparison to the number of 

boats operating in 1994-1999 (Lusseau 2005a). From 1994 to 1999 stillbirths occurred 

only in two of the five years surveyed while they occurred in five out of the six surveyed 

years from 2000 to 2006 (randomisation test to compare these two proportions: 

p=0.037, 1000 randomisations iterated 200 times. All simulations had p$0.05). The 

stillbirth rate, that is the number of stillbirths observed in a given year in relation to all 

births in that year, also increased from 0.13 on average from 1994 to 1999 to on 

average 0.34 from 2000 to 2006. This represented a marginally significant increase 

(randomisation test to compare means between the two time periods: p=0.058, 1000 

randomisations iterated 200 times. 20% of those iterations had p<0.05 and 96% had 

p<0.07, for all simulations p<0.08). The population abundance has drastically 

decreased, declining by 34-39% over the past 12 years to 56 individuals in February 

2007 (coefficient of variation: 1.0%; Chapter 3). For the first time in 2003 individual 

dolphins from the Doubtful Sound population were observed in Dusky Sound (Boisseau 

2004). All of these observed effects on the population dynamics were predicted from 

the impacts observed during the 1999-2002 study. While tourism exposure may not be 

the only factors affecting the current trends of the population, we demonstrated that it 

could play a key role in the population dynamics observed since 2002. Other potential 

impacts on this population include recreational fishing (Lusseau & Wing 2006) and 

freshwater input from a hydro-electricity station (Tallis et al. 2004; Rutger & Wing 

2006), most likely through indirect effects on prey availability rather direct impacts on 

the dolphins. 
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Figure 4: Proposed multi-level marine mammal sanctuary in Doubtful Sound (adapted 

from Lusseau & Higham 2004). Dark gray areas correspond to no-boat zones. Light gray 

areas correspond to location where only tour operators that possess a dolphin-watching 

permit and researchers are allowed. At present this sanctuary would apply to tour 

operators and researchers only. Non-targeting general traffic needs to be minimised as 

well in the protected zones. No wake/no interactions corridors can be implemented 

within the light gray zones to reach safe anchorage. 
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Preliminary individual-based modelling work (Lusseau et al. 2006c), based on the 

results of the 2002 study and recent studies (Bejder 2005; Bejder et al. 2006), show that 

the current levels of boat-dolphin interactions are highly likely to jeopardise the 

viability of the dolphin population within the next 30 to 70 years. That is, the 

population is highly likely to go extinct with the next 50 years if current trends remain. 

The modelling work show that this decline can be attributed to the impact of tourism 

on individuals repeatedly exposed to boat interactions. 

 

While the New Zealand government advocates the precautionary principle in the 

management of natural resources this is not being applied in the context of the 

development of boat-based tourism activities in Fiordland. We are urging the New 

Zealand government to take actions to protect the small and isolated populations of 

bottlenose dolphins in Fiordland. We re-iterate our recommendation to establish multi-

level marine mammal sanctuaries in Doubtful Sound and Milford Sound to minimise 

dolphin-boat interactions in these fiords and still allow the tourism industry to flourish 

there. 
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Appendix B 

Photo-identification catalogue for bottlenose dolphins 

observed in Doubtful Sound between 2004 and 20081 

 

Description 

This dorsal fin photo-identification catalogue includes all bottlenose dolphins sighted 

in Doubtful Sound between 2004 and 2008 and contains a summary of key information 

known about each dolphin. Each dolphin was named and assigned a unique ID code. 

We have also included the gender and presumed mother of each dolphin where known. 

The initial mark dolphins were identified by and their current marks are recorded, as is 

a measure of the surface area of each dorsal fin. We have also listed the dates the 

dolphins were first and last sighted. 

 

We classified the dolphins into one of four mark classes: single fin nick (SN), double 

fin nick (DN), multiple fin nick (MN) and, toothrakes (TR). The ID code reflects the 

mark by which the dolphin was originally identified and accounts for changes in 

markings (e.g. TSN: toothrakes changed to single fin nick, or SMN: single fin nick 

changed to multiple fin nick). Genders were obtained by observation of genital slits 

using a pole-mounted underwater video camera, photography of jumping dolphins and 

prolonged direct observation of bowriding dolphins (a second observation was required 

in cases of direct observation). The identity of a mother was established through 

observed close and constant association with a calf and opportunistic observation of 

suckling behaviour. Dorsal fin surface area was obtained by photo-identification with a 

laser-based measurement system (see Rowe 2008 for further details). 

 

                                                
1
 The Doubtful Sound bottlenose dolphin catalogue is not included in this version of this thesis. If you 

wish to obtain a copy, please contact: Associate Professor Steve Dawson, Department of Marine Science, 
University of Otago, P.O. Box 56, Dunedin, New Zealand. 



 

Appendix C 

Photo-identification catalogue for bottlenose dolphins 

observed in Dusky Sound between 2007 and 20081 

 

Description 

This dorsal fin photo-identification catalogue includes all bottlenose dolphins sighted 

in Dusky Sound between 2007 and 2008 and contains a summary of key information 

known about each dolphin. Each dolphin was named and assigned a unique ID code. 

We have also included the gender and presumed mother of each dolphin where known. 

The initial mark dolphins were identified by and their current marks are recorded, as is 

a measure of the surface area of each dorsal fin. We have also listed the dates the 

dolphins were first and last sighted. 

 

We classified the dolphins into one of four mark classes: single fin nick (SN), double 

fin nick (DN), multiple fin nick (MN) and, toothrakes (TR). The ID code reflects the 

mark by which the dolphin was originally identified and accounts for changes in 

markings (e.g. TSN: toothrakes changed to single fin nick, or SMN: single fin nick 

changed to multiple fin nick). Genders were obtained by photography of jumping 

dolphins, prolonged direct observation of bowriding dolphins (a second observation 

was required in cases of direct observation) and as a result of a morphometric gender 

prediction model (Chapter 6). The identity of a mother was established through 

observed close and constant association with a calf and opportunistic observation of 

suckling behaviour. Dorsal fin surface area was obtained by photo-identification with a 

laser-based measurement system (see Rowe 2008 for further details). 

                                                
1
 The Dusky Sound bottlenose dolphin catalogue is not included in this version of this thesis. If you wish 

to obtain a copy, please contact: Associate Professor Steve Dawson, Department of Marine Science, 
University of Otago, P.O. Box 56, Dunedin, New Zealand. 


