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ABSTRACT 

Few studies have integrated research on the ecology and population biology 
of dolphins with studies of the potential impacts on them. The aims of this 
study were to: 1) photographically identify the population of Hector's 
dolphins (Cephalorhynchus hectori) using Porpoise Bay and estimate 
population size; 2) present a method for testing association patterns of social 
mammals; 3) assess the social organisation of Hector's dolphins in Porpoise 
Bay; 4) document spatial and temporal habitat utilisation of dolphins in 
Porpoise Bay; 5) assess the impact of "dolphin-tourism" on Hector's 
dolphins at Porpoise Bay and 6) advise on guidelines under which such 
tourism should operate. 

Seventy-nine boat-based photographic surveys were conducted throughout 
two summers resulting in a population size estimate of 50-65 Hector's 
dolphins frequenting Porpoise Bay. Resightings of identifiable dolphins 
indicated a partly resident population that is visited occasionally by 
members of neighbouring populations and/ or by individuals with larger 
home ranges. There was no evidence of group segregation by sex or age
class. Dolphins showed preference for a small area inside Porpoise Bay 
where they spent a high proportion of their time in an area confined by a 
small reef system and the surf zone of the southern end of the bay. 

A new method for testing association patterns of social mammals is 
presented and used to describe the social structure of Hector's dolphins in 
Porpoise Bay. The test indicated that dolphins associated with little 
preference towards each other over the course of each season and 
throughout the two seasons. No individual pairs were significantly 
associated in both seasons (mother/calf pairs were excluded in the analysis). 

To quantify reactions caused by boats and swimmers, Hector's dolphins were 
tracked via theodolite on 61 days throughout the study. Swimmers were 
present within 200m of dolphins during 11.2% of total observation time. 
Swim-with-dolphin attempts had a "success" rate of 57.1% - meaning that 
the dolphins stayed within 200m of the swimmer(s) for more than five 
minutes. The theodolite study indicated that boats were present in the bay a 
total of 12.4% of total observation time. 

Dolphins showed significant attraction towards dolphin watching boats 
between the tenth and fiftieth minute of dolphin-boat encounter whereafter 
the dolphins lost interest. There was evidence that dolphins approached the 
boat less frequently than expected as the duration of encounter increased 
beyond about 70 minutes. Furthermore, dolphins formed tighter pods when 
the boat was present in the bay or when swimmers were present. 
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Chapter 1 

Hector's dolphins and tourism 

INTRODUCTION 

The genus Cephalorhynchus, to which Hector's dolphin (C. hectori) belongs, 

comprises four species which are scattered widely in cool-temperate 

latitudes of the Southern Hemisphere. Heaviside's dolphin (C. heavisidii) is 

found around the tip of South Africa and along the west coast to Namibia 

(Best and Abernethy, 1994). South America has two species: Chilean dolphin 

(C. eutropia) is restricted in inshore waters of Chile (Goodall, 1994), and 

Commerson's dolphin (C. Commersoni) is most common along the 

Argentinean coast, and in Tierra del Fuego. Commerson's dolphin is also 

present around the Falkland Islands, and has an isolated population 

occurring at the Kerguelen Islands, in the Indian Ocean (Leatherwood et al., 

1988). The fourth species is Hector's dolphin, the only endemic cetacean in 

New Zealand waters (Baker, 1978). 

Hector's dolphin is the smallest member of the family Delphinidae, which 

includes 32 species worldwide (Evans, 1987). The total population is 

estimated at 3000-4000 individuals (Dawson and Slooten, 1988) and it is 

classified as "vulnerable" by the International Union for the Conservation 

of Nature. Hector's dolphin is found around most of the South Island, with 

the exception of the deep waters of Fiordland. Its abundance appears similar 

on both the east and west coast, but distribution is highly localised. High 

densities are found at Banks Peninsula, along the west coast and Te Wae 

Wae Bay (Dawson and Slooten, 1988). Off North Island coasts, Hector's 

dolphins are rare and only regularly seen off a small section of the west 

coast. Hector's dolphins are very coastal, showing preference for shallow 

waters within half a mile of the shore in summer, and rarely seen beyond 4 

nautical miles from the coast (Dawson and Slooten, 1988). 

Individually identified Hector's dolphins appear to reside in well-defined 

regions. There is no evidence of long distance along-shore migration. 

Despite wide-ranging surveys, the most extreme distance between two 

sightings of the same individual is 34 nautical miles (Dawson and Slooten, 
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1993). Genetic analysis of mitochondrial DNA from beachcast- and gillnet

caught specimens shows that east coast and west coast South Island 

dolphins constitute two genetically distinct populations (Pichler et al., in 

press). The barriers isolating Hector's dolphins to confined regions may be 

both geographical, i.e deep waters, as well as behavioural, i.e. low migratory 

range. 

In a sample of 60 incidentally caught and beach-cast dolphins, Slooten (1991) 

found the oldest female and male to be 19 and 20 years old, respectively. 

Females have their first calf between 7 and 9 years. Males reach sexual 

n1.aturity from 6 to 9 years old. Hector's dolphins appear to reproduce at 

intervals of 2-3 years (Slooten et al., 1992). Females usually give birth to 

calves from early November to mid-February, i.e. in the Austral spring and 

early summer (Slooten and Dawson, 1994). 

Slooten and Lad (1991) calculated population growth rates for Hector's 

dolphins using observed reproductive and survival rates. Results indicate 

that, like most other small cetaceans (Gaskin et al., 1984), Hector's dolphins 

have low potential for population growth. Under absolutely ideal 

conditions, Leslie matrix population models indicate maximum population 

growth rates of 1.8-4.9% (Slooten and Lad, 1991). Realistically, even under 

favourable conditions, the Hector's dolphin population growth rate is at the 

lower end of this range. 

Unfortunately, Hector's dolphins are highly prone to entanglement in set

nets. An unsustainable by-catch resulted from the coincidence of increased 

effort in gillnet fisheries with inshore summer movements of Hector's 

dolphins (Dawson, 1991). From a population estimated at 740 individuals 

around Banks Peninsula, approximately 230 were reported killed in gillnets 

in the years from 1984-88. Entanglement rate~ of these proportions far 

exceeded even the most optimistic population growth rates calculated by 

(Slooten and Lad, 1991). Subsequently, the Department of Conservation 

instituted New Zealand's first Marine Mammal Sanctuary around Banks 

Peninsula covering 1140 km2 of coastal water extending to 4 nautical miles 

off shore. Further evidence of population decline of the same population 

came from a study assessing survival rates of photographically identified 

dolphins (Slooten et al., 1992). Again, even the best case scenario showed 78-
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. 96%) probability of population decline. A more realistic computation 

indicated a 91-99% probability of population decline. 

Studies on pollutant levels in Hector's dolphin indicate moderate levels of 

PCBs and DDTs compared to other small cetaceans found close to 

industrialised nations (McCutchen, 1993; Jones et al., 1995). The degree of 

contamination in organisms is usually dependent on the distance between 

their living area and the source of pollution (Tanabe, 1988). Hector's 

dolphin's strictly coastal distribution renders them highly vulnerable to 

accumulation of pollutants derived from land or harbours. The 

contaminants found in Hector's dolphins are known in other marine 

mammals to depress immune systems and decrease reproductive success 

(Helle, 1976; Subramanian et al., 1987; Heide-J0rgensen et al., 1992; Tanabe et 

al., 1994). PCB levels observed in Hector's dolphin are thought to have 

caused a decrease in testosterone levels in Dall's porpoise (Subramanian et 

al., 1987). 

Whale-watching tourism 

Cetaceans are extraordinarily popular with the general public and are sought 

out by humans at an ever-increasing rate. In some places (e.g. Bay of Islands, 

NZ) the numbers of recreational craft approaching dolphins is cause for 

serious concern (Constantine, 1995). Additionally, commercial whale

watchingl has grown almost exponentially in the last 40 years (Hoyt, 1995b). 

In 1994, a total of 65 nations and 295 communities offered commercial 

whale watching ventures (31 nations in 1992), involving 5.4 million 

participants. Participant numbers increased at an average annual rate of 

10.3% between 1991 to 1994, producing a total revenue of US$504.3 million 

in 1994 (Hoyt, 1995b). 

Whale watching can be both intensive and extensive. In Massachusetts and 

New Hampshire alone, 21 companies offer whale-watching tours (Beach 

and Weinrich, 1989). Humpback whales are targeted almost everywhere 

they gather. For example, boat trips to view humpback whales (Megaptera 

novaeangliae) are offered at Glacier Bay, Alaska, where they feed, and in 

breeding grounds in western Australia, at the Hawaiian Islands (Beach and 

Weinrich, 1989) and in Harvey Bay, Queensland, Australia (Wilson, 1993). 

1 For the purpose of this thesis whale watching is defined as any commercial tour (by 
land, sea or air) intending to observe/swim with any cetacean species. 
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Grey whales (Eschrichitus robustus) may be viewed from boats in British 

Colombia, Canada and in the Baja Lagoon, Mexico (Evans, 1987). Some 

tourist operations view cetaceans from platforms other than boats, e.g. 

southern right whales (Eubalaena australis) can be viewed from cliff sites in 

Australia (Wilson, 1993) and orca, bottlenose dolphins and Atlantic 

humpbacked dolphins (Sousa teuszii) are all viewed from land in 

Mauritania (Hoyt, 1995b ). Helicopters and planes allow tourists to view 

sperm whales in New Zealand and humpback whales in Hawaii. See Hoyt 

(1995b) for a comprehensive review of global whale watching. 

Some of the most attractive "whale watching" operations also offer the 

option of swimming with and/ or feeding dolphins. For more than thirty 

years people have been able to approach and handfeed bottlenose dolphins 

at Monkey Mia, western Australia (Connor and Smolker, 1985; Nelson, 

1990). A feeding program in which wild bottlenose dolphins are fed by 

tourists has also been established in Tangalooma, eastern Australia (Orams, 

1994). Recently, "swim with dolphin" programs have become available in 

many parts of the world, e.g. Ireland, Hawaii, Bahamas, Australia, New 

Zealand and the Mediterranean Sea. The best known commercial "swim 

with" programs offer access to wild dolphins, but there are several hotel 

complexes that offer guests access to captive dolphins. 

In New Zealand, international visitor arrivals are increasing at a rate three 

times the world's average (Sage, 1995). In 1995, 1.4 million tourists visited 

New Zealand. The New Zealand Tourism Board estimates the annual 

number of overseas travellers will exceed 2 million by the turn of the 

decade and rise to three million by 2004 (Anon., 1994). New Zealand relies 

heavily on its "clean green image" with 60% of international tourists 

visiting national parks (Shultis, 1989). Of the international arrivals in 1995, 

14<Yo and 8% participated in dolphin watching and whale watching activities, 

respectively (Anon., 1996). Sixty-five operations offered marine mammal 

viewing and/ or swimming experiences in New Zealand in 1995, and a 

further 30 permit applications were being processed. The industry is 

expected to produce in excess of $NZ 15 million in direct income by the year 

2000, and to generate a total annual revenue of $NZ 35-40 million in areas 

servicing the industry (Donoghue, 1994). 
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Boating - potential disturbance factor 

While long-term protection of great whales has allowed stocks to stabilise, 

the situation for smaller cetaceans has not been as promising (Brownell et 

al., 1989). Small cetaceans are not included in the International Whaling 

Com_mission moratorium. Negligence and lack of responsibility toward 

smaller cetaceans has resulted in different international legal status than 

that of the great whales. As a consequence of insufficient protection and 

legislation, small cetaceans face various threats, including direct 

exploitation, incidental entanglement in fishing gear, pollution, habitat loss 

and disturbance (Reeves and Leatherwood, 1994). Various studies have 

documented high susceptibility of Hector's dolphins to by-catch and 

pollution, but little or no effort has been put into documentation of other 

impacts on the species. 

Boat traffic has the potential to disturb cetaceans in their natural habitat. 

These disturbances can be caused by the physical presence of a vessel or by its 

noise. Incidents of direct collisions between cetaceans and boats include 

collisions with bottlenose dolphin (Tursiops truncatus), Yantze river 

dolphin, (Lipotes vexillifer) sperm whale (Physeter macrocephalus), right 

whale (Eubalaena australis) and orca (Orcinus orca) (Slijper, 1962; Brownell 

et al., 1986; Zhou and Zang, 1991; Fertl, 1994; Hoyt, 1995a). Vessels may also 

elicit less obvious disturbances. Beluga (Delphinapterus leucas) and 

narwhals (Monodon monoceros) fled when boats approached within a 35 

km radius (Myrberg, 1990). Similar responses were observed in bowhead 

(Balaena mysticetus) whales to approaching boats at distances of 4 km 

(Richardson et al., 1985). Janik and Thompson (1996) and Acevedo (1991) 

have detected changes in surface patterns in bottlenose dolphins to 

approaching boats. Au and Perryman (1982) observed schools of spotted 

(Stenella attenuata) and spinner (Stenella longirostris) dolphins in eastern 

tropical Pacific. All contacts caused dolphins to swim away from the 

projected track line of approaching ships at distances of up to 6 miles. Orca 

increased swimming speed and tended to head towards open waters in 

response to boats (Kruse, 1991). Briggs (1991) documented that interactions 

between boats and orca altered the whales' use of rubbing beaches in the 

Robson Bight Ecological Reserve, Johnstone Strait. The effect of boat traffic 

on Hector's dolphins has not been studied. 
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Although single encounters with boats seldom cause major complications 

for cetaceans, cumulative encounters have the potential for detrimental 

effects. Long term behavioural changes are less obvious and considerably 

more difficult to detect and quantify. Long term effects may reduce the 

biological fitness of an animal and population by disruption of critical 

energy budgets. Such disruptions may reduce breeding success, feeding 

activity and resting opportunities. Cetaceans that are forced to spend a great 

deal of time and energy avoiding boats may be displaced from preferred 

feeding and breeding grounds with detrimental consequences to follow. 

Conversely, cetacean/boat interactions seem to bring some advantages for 

the animals. The literature is filled with examples of various cetacean 

species actively approaching boats to ride the bow or stern wave (e.g. Shane 

et al., 1986; Slooten and Dawson, 1988; Lockyer, 1990). Williams et al. (1992) 

attribute this behaviour as a means of reducing energetic costs of travel; 

others simply interpret it as a playful gesture. Bottlenose dolphins, Indo

pacific hump-backed dolphins (Sousa chinensis) and Hector's dolphins have 

all been observed in close proximity to the hauling zone of working 

trawling vessels, presumably preying on fish stirred up by the net or 

discarded from the fishing vessel (Corkeron et al., 1990; Fertl, 1994; Hawke, 

1994; Leatherwood and Jefferson, 1997). 

Potential impacts of tourism on whales and dolphins 

The whale watching industry holds great potential for cetacean 

conservation by promoting public awareness and education, generating 

financial support and encouraging scientific research. It can also change 

attitudes. In Japan, former whalers now take tourists to see the whales they 

used to kill, thus shifting their interests from killing whales to preserving 

them (Hoyt, 1993). 

Ideally, "whalewatch participants begin to reconsider global environmental 

threats (e.g. oil spills, scientific whaling, drift nets, marine debris, over

development) in the context of the dynamic, personal interaction they have 

just experienced ... The state of the environment is no longer a problem 

somewhere out on the ocean; it is a direct threat to the very whales they 

have just observed" (Forestell, 1993, p. 272). While benefits of this nature are 

clearly possible, they have not yet been formally demonstrated. Such 

demonstration would be helpful, because it would help in decisions of how 
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much impact is acceptable (more benefit might justify higher impact). 

Certainly whale-watching can generate funds for conservation and research. 

Dolphin-watching operators in the Bay of Islands, for example, are charged a 

levy per passenger. These funds are used to support scientific research and 

compliance (Anon., 1995). 

Additionally, in 38 countries whale watching helps support research by 

providing platforms for scientific research, mostly photo-identification 

studies (Hoyt, 1995b). For example, Provincetown's Centre for Coastal 

Studies bases almost all of its research from the local whalewatching fleet 

and has thereby contributed significantly to the understanding of humpback 

whale biology, including population birthing rates, individual calving 

intervals, age of first reproduction and movement and residency of 

individuals (e.g. Clapham and Mayo, 1990; Clapman et al., 1993; 

Childerhouse et al., 1995; Barlow and Clapham, 1997). 

Despite a worldwide growth of the marine mammal eco-tourism industry, 

little effort has been put into quantifying its impacts. While some studies 

examine the biology and ecology of marine mammals or investigate the 

tourism operations themselves, few studies have attempted to integrate 

both. In New Zealand and elsewhere most studies have aimed to monitor 

whale reactions to tourist vessels (e.g. Baker and Herman, 1989; Baker and 

MacGibbon, 1991; Gordon et al., 1992). Only recently has work begun to 

investigate possible impacts of tourist activities on populations of free

ranging dolphins. 

Feeding wild dolphins at Monkey Mia, Australia may have resulted in 

increased mortality rates of juveniles in the population. This has been 

attributed to decreased parental care by their habituated mothers (IFAW, 

1995). Constantine (1995) monitored swim-with-dolphin operations in the 

Bay of Islands, New Zealand. High avoidance rates by bottlenose and 

common dolphins (Delphinus delphis) were observed when swimmers 

entered the water in the path of the dolphins. A similar study, in Southern 

Port Phillip Bay, Australia also found that the direct approach of swimmers 

towards dolphins caused high avoidance reactions in bottlenose dolphins 

(Weir et al., 1996). Research into the impacts of commercial boat tourism on 

dusky dolphins (Lagenorhynchus obscurus) has recently been completed at 

Kaikoura, New Zealand (Barr, 1997). These dolphins were subject to high 
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levels of commercial and private boat activity. Results indicated that boat 

activity caused some subtle effects on dolphin behaviour but had no 

apparent effect on dolphin abundance or seasonal habitat utilisation. 

If properly managed, the industry can display a symbiotic relationship with 

its targeted animals, by generating awareness and profits which can be 

invested in research, management and conservation. On the other hand, 

the impacts of unsustainable tourism could have long-term detrimental 

consequences on the biology and ecology of whales and dolphins. 

Justification for this research 

Hector's dolphins have been studied comprehensively at Banks Peninsula 

for more than a decade (Dawson and Slooten, 1993). However, 

extraordinarily little is known about other populations. Of particular 

interest is the question of how the ecology of small populations compares 

with others. Therefore, abundance and habitat utilisation of Hector's 

dolphins in Porpoise Bay was studied (Chapter 2). Knowledge of the ecology 

of small, isolated populations is essential for modelling overall population 

trends. Information gained from this study will help indicate whether 

conclusions reached from a larger population, i.e. Banks Peninsula, apply to 

a smaller population. Certainly small populations offer some advantages. 

They facilitate identification of a high proportion of individuals -

something impossible in a large population. High identification rates allow 

for more detailed study of the social structure of a population. The social 

structure of a small localised population of Hector's dolphins has been little 

studied and this was therefore the emphasis of Chapter 3. 

Prior to this study the impacts of tourism on Hector's dolphins have not 

been studied (Chapter 4). The strictly coastal distribution of Hector's 

dolphins, their low migratory range, their residence in well-defined areas 

and their generally positive reactions towards boats make them excellent 

target animals for commercial dolphin-watching ventures. At the same 

time, these facts make them potentially vulnerable to disturbances. 

Considering the vulnerable status of the species, and the fragmentation of 

its distribution into genetically distinct populations (Pichler et al., in press), 

local disturbances, which at first might appear minor, could be severely 

detrimental. 



9 

At Porpoise Bay, on the South Island of New Zealand, a small-scale boat

based tourist venture offers visitors the chance to see Hector's dolphins. 

Dolphins are further exposed to human contact as casual and commercial 

parties visiting the area attempt to swim with the dolphins off the beach. 

Data are presented on dolphin responses to swimmers and commercial 

dolphin-watching operations. Questions of impact are difficult to answer 

without ecological data to provide the context. For this reason, abundance, 

individual residence and group stability were assessed along with spatial 

and temporal habitat utilisation. These parameters were assessed using 

photographic identification of individuals and theodolite tracking. 

The aims of this research are: 

1). To photographically identify Hector's dolphins using Porpoise Bay and 
estimate population size. 

2). To present a method for testing association patterns of social mammals. 

3). To assess the social organisation of Hector's dolphins in Porpoise Bay. 

4). To document spatial and temporal habitat utilisation of dolphins m 
Porpoise Bay. 

5). To assess the impact of "dolphin-tourism" on Hector's dolphins at 
Porpoise Bay and advise on whether further commercial dolphin 
watching permits should be granted. 

6). To advise on guidelines under which such tourism should operate. 

Co-authored manuscript 

One of the aims of the thesis was to present a method for testing association 

patterns of social mammals (2 above). For this, I worked in collaboration 

with Dr David Fletcher (Department of Mathematics and Statistics, 

University of Otago) and Stefan Bfi:iger (a PhD student working on the 

ecology of Hector's dolphins - based at the Department of Marine Science, 

University of Otago). The result was a co-authored manuscript which is 

partly presented in Chapter three. Authorship of the manuscript is as 

follows: Bejder, L., Fletcher, D. and Brager, S. 



Chapter 2 

Abundance and habitat utilisation of Hector's dolphins in 
Porpoise Bay 

INTRODUCTION 

10 

Hector's dolphins have been studied on a large scale throughout their 

geographic distribution (Dawson and Slooten, 1988; Brager, in prep). On an 

intermediate scale, one regional population (around Banks Peninsula) has 

been studied intensively for more than a decade (Slooten and Dawson, 

1994). Little is known about small populations, however, or about habitat 

utilisation at fine scales ( <1km). 

Hector's dolphins are restricted to New Zealand, and have a strictly coastal 

distribution. Despite wide-ranging survey effort, there is no evidence of 

alongshore migration of more than a few tens of kilometres (Slooten et al., 

1993). Current distribution is highly localised and fragmented into 

genetically distinct populations (Pichler et al., in press). From both ecological 

and conservation perspectives, these observations highlight the need for an 

understanding of small isolated populations. 

Additionally, small populations facilitate acquisition of detailed data on 

population structure and habitat utilisation. This is difficult in large 

populations in which only a relatively small proportion of the animals can 

be reliably identified. 

Information on abundance, population composition, individual residency 

and habitat utilisation is vital for an ecological understanding of 

populations. Photographic identification has proven a powerful tool in 

these studies, facilitating collection of detailed data on topics ranging from 

movement patterns and social structure to population parameters such as 

age at first reproduction, birthing interval, and survival rates (e.g. 

Hammond, 1986; Wells et al., 1990; Rugh et al., 1992; Slooten et al., 1992; Best 

et al., 1995). Photographic identification is frequently preferred over 

invasive tagging techniques, especially in studies of behaviour. 
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Theodolite tracking has also proven a powerful tool with which to 

document small scale movements (e.g. Wursig and Wursig, 1979; Wursig 

21nd Wiirsig, 1980) and habitat utilisation (Smith, 1993). Because it offers 

reliable position fixing without disturbance to the study animals, it has also 

been widely used to document responses to various stimuli, including 

acoustic alarm devices (Todd et al., 1992; Goodson and Mayo, 1995) and boats 

(Baker and Herman, 1989; Polacheck and Thorpe, 1990; Acevedo, 1991; 

Kruse, 1991; Corkeron, 1995; Barr, 1997). Alternative methods using boats, 

aircraft or tagging have the potential to inflict physical harm (Irvine et al., 

1981), and/ or cause behavioural changes (Schneider et al. in press). 

Dawson and Slooten (1988) describe a general inshore movement of 

Hector's dolphins in summer time and an off-shore movement in winter 

time. Stone et al. (1995) described a diurnal pattern in which dolphins 

tended to be seen entering Banks Peninsula's Akaroa Harbour in the 

nwrning, and leaving in the late evening. Limited data on habitat 

utilisation are available from resightings of distinctive individuals in the 

long-term study at Banks Peninsula (Slooten and Dawson, unpub. data), but 

there is no detailed information on movement patterns over time scales of 

hours to months. 

Porpoise Bay apparently gained its name from the small population of 

Hector's dolphins routinely seen there since at least the 1920s (E. Beange, 

pers. comm. to Dawson, 1985). This chapter presents data on abundance, 

population composition, individual residency, movements patterns and 

habitat utilisation of this population. Data were gathered from boat-based 

photo-ID surveys and theodolite tracking of Hector's dolphins in Porpoise 

Bay. 

METHODS 

Study Site 

Porpoise Bay is situated on the south-east corner of the South Island and 

covers an area of approximately 4 km2 (Figure 2.1) (46° 39'S, 169o 6'E). The 

bay is confined by volcanic rock headlands on both its north-eastern and 

south-western boundaries. An estuary outlet flows into the north-eastern 

end of the bay. A semi-submerged reef is situated off the south-western 

headland. The coastal stretch of Porpoise Bay consists of a flat-sloping sandy 
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beach only disrupted by a small stream which flows into the bay. The 
average water depth of the bay is <12 m, with a maximum depth of 
approximately 18 m. 

New Zealand 

N 

1 

Porpoise Bay ... 

Theodolite station 

Figure 2.1. Map of study area. 
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Field methods 

Boat-based fieldwork 

Photographic-identification surveys of Hector's dolphins were carried out in 

the Porpoise Bay study area throughout two consecutive austral summers: 

on 44 days from 3 December 1995 to 6 April 1996 and on 35 days from 21 

November 1996 to 15 April 1997. Three vessels, ranging from 3.8 to 6 m 

long, were used. Only surveys that allowed complete coverage of the study 

area were included in the following analyses. Surveys were conducted at 

slow planing speeds (10-15 knots), with the vessel slowing to <3 knots for 

photography once dolphins were sighted. Photographs were taken using 

autofocus 35mm cameras with zoom lenses (28-200mm), at ranges of <10m. 

To minimise blurring effects of movement, all photographs were exposed 

with shutter speeds of 1/800 or 1/lOOOs. Kodak T-Max 400 ASA black and 

white film was used. Upon encountering dolphins, group size, number of 

calves, number of juveniles, location and time were recorded. Dolphins 

were individually identified from photographs of natural occurring marks 

such as nicks in the trailing edge of the dorsal fin and from body blotches 

and scars. Naturally occurring marks can persist over many years and are 

therefore useful - not only short term studies but also in long term research 

projects (Wursig and Jefferson, 1990). 

A "group" was defined as dolphins in close contact ( <20 metres) with each 

other. Hector's dolphins are most often observed in groups of two to eight 

individuals. These groups often fuse together and split up (Slooten and 

Dawson, 1988). Dolphins were considered part of the same group if groups 

merged in the time span when photographs were being taken during an 

encounter. An encounter was defined as a time period spent with the same 

group. 

A "calf" was defined as an individual distinctly smaller than accompanying 

dolphins and having a series of pale bands on its lateral/ dorsal side. These 

bands are foetal fold marks and fade away after about six months after birth 

(Slooten and Dawson, 1994). Newborn calves were always closely associated 

with an adult. A "juvenile" was defined as an individual distinctly smaller 

than accompanying dolphins without the presence of noticeable foetal fold 

marks. These dolphins were most likely up to 2 years old (Slooten, 1991) - all 
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other dolphins were lumped into one category as these were not reliably 

distinguishable by size. 

When dolphins were encountered, the number of dolphins in the group 

was estimated. Thereafter photographs were randomly taken of all dolphins 

that surfaced in the close vicinity of the boat. At least four exposures were 

taken per dolphin, i.e. if group size was 10 dolphins a minimum of 40 

exposures were taken at random. On average, this assures that all 

individuals in a group had a better than 95% chance of being photographed 

(Wiirsig, 1978; Ballance, 1990). Pictures were taken at random throughout 

the two field seasons, except in the first half of the first field season, when 

photographic effort was biased towards more distinctive dolphins. 

Land-based theodolite fieldwork 

The positions of Hector's dolphins in the study area were determined with 

the aid of a Sokkisha DT20E electronic theodolite equipped with a 30x 

telescope. A theodolite is a surveyor's instrument that simultaneously 

measures horizontal and vertical angles. From knowledge of the position of 

the instrument, its height above sea level (tidal fluctuations taken into 

account) and position of landmarks used for "zeroing", it is possible to 

convert theodolite readings (or fixes) into rectangular x/y co-ordinates (for 

details see Wursig et al., 1991). The precision of theodolite readings is 

proportional to the instrument's elevation above sea level and inversely 

proportional to the distance of the acquired fix. When dolphins were within 

2500 meters of the observation station accuracy should be within 8 meters 

and when within 500 meters accuracy should be within 2 meters (Wiirsig et 

al., 1991). 

The theodolite was connected to a Hewlett-Packard 95LX palmtop computer. 

Custom written software allowed storage of dolphin positions, exact time at 

which each position was acquired, and several other parameters. The 

horizontal reference point was routinely checked and reset throughout each 

field day. 

Land-based observations were made over the same two summers as the boat 

surveys; on 30 days between 2 January 1996 to 7 April 1996 and on 31 days 

between 1 December 1996 and 12 March 1997. Observations were made from 
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a 27.4 meter vantage point on the southern headland overlooking Porpoise 

Bay (Figure 2.1). 

Observations were made between 6:00 and 18:30. The study area was scanned 

at the beginning of each tracking day with 10-power binoculars to locate the 

largest group of dolphins. This group was tracked throughout the entire 

observation period using focal group sampling (Martin and Bateson, 1993). 

In no case was the tracking of one group stopped in order to track another 

group. Theodolite fixes were taken in the centre of the dolphin group with a 

frequency of approximately every 30 to 60 seconds. Fixes taken at intervals of 

more than 60 seconds apart were discarded from analyses. The duration of 

tracking sessions varied from twenty minutes to eight hours. Field 

observations were restricted to days when the Beaufort Sea State was 2 or 

less (0 = sea surface flat calm, 1 = surface broken by ripples, 2 = small 

wavelets on sea surface). These restrictions ensured that a group of dolphins 

could be tracked continuously and fixes could be taken at regular intervals. 

Each position was converted into x/y co-ordinates using the computer 

program "TTrak" (Cipriano, 1990). 

Analysis methods 

Photographic identification catalogue 

Proof sheets were made of every roll of film, and black and white prints 

made of all high-quality photographs which contained an identifiable 

dolphin. Criteria for photographs to be used in analyses were: (a) picture 

shows a lateral view of an identifiable dorsal fin (b) is clear and in focus, and 

(c) the dorsal fin took up 50% of the printed area. Toothrake marks were not 

used as an identifying feature as these wounds heal ai"id do not persist over 

time (Lockyer and Morris, 1990). 

Population estimation 

Population estimates were calculated for each of the 1995/96 and 1996/97 

field season which were treated as independent of one another. Dolphins 

encountered in each season were thus treated as members of two different 
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populations. A "population" was defined as the dolphins that had been 

recorded using the study area on one or more occasions in a field season. 

Mark-recapture models are often used to estimate animal abundances (for 

reviews see Seber, 1982; Seber, 1992). In photo-identification studies, 

individuals are considered "marked" when identified individually by a 

natural distinctive feature. An animal is considered recaptured when 

rephotographed. Mark-recapture models are usually classified into those 

suitable for open or closed populations - openness and closure is based on 

whether or not the population loses or gains individuals during the study 

period. Mark-recapture estimates for both closed and open populations 

assume, among other things, that all animals in a population have equal 

probability of being captured on each sample occasion. As will be shown in 

this chapter this assumption together with other fundamental assumptions 

of the models are violated. 

Population abundances were estimated in two ways -both of which rely on 

knowledge about the proportion of identifiable dolphins in the population. 

The number of identified animals in a population can then be extrapolated 

up to get a total population estimate. Mark rates of a population were 

estimated in two ways. 

In the first method (MR1) mark rates were calculated from the proportion of 

randomly taken photographs which contained identifiable dolphins 

(Williams et al., 1993). To be included in the analyses photographs had to be 

of sufficient quality to identify a dolphin if it had been identifiable. This 

should give an unbiased estimate of the mark rate of the population. This 

approach can be taken when photographs were taken at random and under 

the assumption that, on average, identifiable dolphins have the same 

probability of being photographed _as non-identifiable dolphins. 

MR, = #of photographs containing identifiable dolphins 

total# of photographs of sufficient quality to identify a dolphin if it had been identifiable 

Mark rates were also calculated from counts of group size together with 

estimation of the number of identified dolphins in each group, from 

photographic records (MR2). This should also give an unbiased estimate of 
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the mark rate of the population, as long as no identifiable individuals go 

unphotographed in each encounter. 

:L of all group sizes 

I of all identifiable dolphins in each grp evaluated from photographic record 

The total population size (N) was estimated by scaling up the number of 

marked animals in the population (N') from MR1 and MR2, hence two 

independent estimates are available for each season. 

N(MRI) = N' /MR1 

N (MR2) = N' /MR2 

The variances of N are given by (as in Williams et al., 1993): 

n 1 = total number of photographs of high enough quality to have identified 
a dolphin if it was in fact identifiable 

n2 = total number of dolphins encountered 

Ninety five percent confidence intervals were calculated by multiplying the 
standard error by 1.96. 

Analysis of theodolite data 

The spatial and temporal habitat utilisation of Hector's dolphins in Porpoise 

Bay were evaluated from the distribution of theodolite fixes taken of 

dolphin groups throughout the study period. Positions were plotted on 

maps according to field season, month and time of day. 

Two strategies were taken in the analysis of theodolite data. In the first, a 

mean position was calculated for each month of field effort (or time class), 

and the distances of every sighting from that point calculated. The unit of 

analysis is each individual sighting, and the approach provides a simple 

way of exploring differences in the extent of dolphin usage of the bay. 

Square-root transformations were carried out as distributions were 

positively skewed. Student's t-test was used to evaluate whether distances 
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from points to each centre were statistically different between months and 

between time blocks. Field effort was not evenly distributed throughout 

months and time periods. Thus categories contained unequal number of 

dolphin positions and thereby unequal amount of data on distribution. To 

standardise effort data were randomly removed from each category so all 

categories had the same number of positions. 

In the second, more sophisticated approach, the cluster of sightings made 

within a continuous observation period (within one day) was taken as the 

unit of analysis, and analysed within a multiple regression model. Again, 

clusters were categorised into month and time period. This approach has 

the advantage of incorporating sightings effort, and allowing for interaction 

between factors. Furthermore, this approach quantifies dolphin movement 

within each continuous observation period. 

RESULTS 

Results of photographic study 

Hector's dolphins were encountered during 91% of all surveys in the 

1995/96 field season (n = 44 surveys) and in 100% of all surveys in the 

subsequent season (n = 35 surveys). Six surveys were interrupted due to 

poor sighting or sea conditions, and are not included in the following 

analyses. A total of 45 and 42 groups were encountered in the two field 

seasons respectively, yielding an average of 1.02 groups encountered per 

survey in 1995/96 and 1.2 groups encountered per survey in 1996/97. 

Sixteen Hector's dolphins were photographically identified in the first 

season and eighteen dolphins in the second. Three dolphins were identified 

by deep body scars on their upper lateral or dorsal side. These distinctive 

features did not appear to be toothrakes- which commonly result from play 

or aggressive behaviour between dolphins (e.g. Shane et al., 1986). More 

likely, these marks were caused by predation attempts of sharks (Slooten 

and Dawson, 1994). 

The cumulative discovery curve, (Figure 2.2) indicating number of 

identified individuals over time, for the first field season reached a plateau 

after the sixth field day with a possible secondary immigration of dolphins 
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into the study area between the 33rd to the 41st field day. In 1996/97, 13 of 18 
identified dolphins were identified within the first two field days and all 
identifiable dolphins had been observed before the 17th survey. The 
discovery curve for the latter season suggested that all distinctive dolphins 
held been identified and that no dolphins immigrated into the study area 
Clfter Clpproximately half way through the study period. 
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Figure 2.2. Discovery curves of identified Hector's dolphins in Porpoise Bay in two summers. 

Groups and group composition 

Of the total of 87 groups of Hector's dolphins encountered, group size 
ranged from 1 to 26 individuals (1995/96: mean= 11.0 ± 0.85 [SE], median= 
11; 1996/97: mean= 11.6 ± 0.89 [SE], median= 11; Figure 2.3). Of the groups 
encountered in 1995/96, 78% (n=35) contained either calves and/ or 
juveniles whereas 88% (n=37) of all groups encountered in the subsequent 
season contained juveniles (Table_2.1). Four newborn calves were observed 
in the study area in the first season but none were seen in the second 
season. 

45 
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Figure 2.3. Group sizes of Hector's dolphins in Porpoise Bay. 

Table 21 G . . roup compos1t10ns. () b f = num er o groups . 

1995/96 (45) 

Grps with no calves/juveniles 22% (10) 

Grps with juveniles 40% (18) 

Grps with calves 7% (3) 

Grps with calves and juveniles 31% (14) 

• 1995/96 

D 1996/97 

3 

21-25 26-30 

1996/97 (42) 

12% (5) 

88% (37) 

0% 

0% 

20 

Twelve dolphins were re-identified in 1996/97 from the first field season 
(Table 2.2). Six dolphins were newly identified in the second field season. 

Tabl e 2.2. Num er o i enh 1e an re-1 enh 1e olpj illS ill b f d ·r d d ·d ·r d d 1 h. · r orp01se B ay. 

1995/96 1996/97 

No. of identified dolphins 16 18 
-

No. of re-identified dolphins 12 

No. of newly identified dolphins in season 2 6 

Sighting frequency and residency 
Individual sighting frequencies of dolphins seen m both seasons varied 
from 4-40 sightings on a total of 79 surveys (mean = 13.0, median 17.0; 
Figure 2.4). Individual sighting frequency varied from 1-22 times in 1995/96 
and from 2-24 in 1996/97 (Figure 2.5). On average each identifiable dolphin 
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was seen 7.63 times (median 4.5) in 1995/96 and 9.83 times (median 8.5) m 

the subsequent season. 
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Figure 2.4. Sighting frequencies of individual Hector's dolphins sighted in two consecutive 
summers in Porpoise Bay. 
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Figure 2.5. Individual sighting frequencies of Hector's dolphins sighted in Porpoise Bay in 
1995/96 and 1996/97. 

The interval between consecutive sightings for individuals identified in 

1995/96 ranged from 0 (having been seen on two consecutive field days) to 

39 field days (mean number of field days between sightings = 5.14 ± 2.53 [SE]) 
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and from 0 to 26 for individuals identified in 1996/97 (mean number of field 

days between sightings = 4.77 ± 1.61 [SE]) (Figures 2.6+2.7). 
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Figure 2.6. Field day intervals between sightings of identified dolphins in 1995/96. 
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Figure 2.7. Field day intervals between sightings of identified dolphins in 1996/97. 

Calculation of MR1 

In 1996/97, >3400 photographs were randomly taken of dolphins that 

surfaced in close vicinity of the research boat. Of these, 667 frames were of 

sufficient quality to identify a dolphin if it had been identifiable (Table 2.3). 
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Of these frames, 246 fins were positively identified (including multiple 

counts of same individuals), resulting in the identification of 18 individual 

Hector's dolphins. A total of >2900 photographs were taken in the 1995/96 

season from which 16 marked dolphins were identified. Since photographic 

effort targeted the more distinctive animals during part of the first season, 

calculation of MR1 for the 1995/96 season would lead to a biased estimate of 

the population mark rate. 

Table 2.3. MR1 evaluated from proportion of photographs containing identifiable dolphins. 

Season Frames Frames of Frames with MR1 

taken high quality IDs 

1996/97 >3400 667 246 36.88% 

Calculation of MR2 

The summation of all groups encountered in 1995/96 and 1996/97 resulted 

in a total of 495 individual dolphin encounters in the first season and 487 in 

the second season - including multiple counts of the same individuals 

(Table 2.4). From photographic records 122 and 177 dolphins were identified 

in the two seasons respectively (these figures also included multiple counts 

of the same individuals). 

Table 2.4. MR2 evaluated from encountered group sizes and the number of identified dolphins 
in each group. 

Season Total# of dolphins Total# of dolphins MR2 

seen in all grps. identified in all grps. 

1995/96 495 122 24.54% 

1996/97 487 177 36.34% 

Estimates of total population size 

The proportion of identified dolphins in each season was used to scale up 

the number of. identified dolphins to estimate total population size. In 

1996/97, two independent population size estimates were 49 and 50 

calculated from MR1 and MR2, respectively (Table 2.5). For the 1995/96 

season MR2 was estimated to be 24.54% leading to a population estimate of 

65 dolphins (Table 2.5). 
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Table 2.5. Total population size estimates, ±95% confidence interval. 

Season Population estimate from Population estimate from 

MR1 MR2 

1995-1996 n/a 65 ± 9.92 

1996-1997 49 ±4.86 50± 5.89 

Spatial and temporal distribution 

Hector's dolphins were successfully tracked via theodolite on 61 days 
throughout the study period (30 and 31 days in 1995/96 and 1996/97, 
respectively). Dolphins were absent from the study area on five occasions 
when tracking was attempted. Observations resulted in 251 hours of data on 
dolphin movement and distribution - 111 hours in 1995/96 and 140 hours 
in 1996/97 (Table 2.6 and 2.7). The first field season was used primarily as a 
pilot study to ensure familiarity with the instrument and consistency in the 
acquisition of dolphin movement data (plots of these data are given in 
Appendix A and B). Hence analyses are based on the second field season 
only. 

Table 2 6 Tl d 1" ff b f ld .. 1eo o 1te e ort JY 1e season an d h mont. 

Season Dec (hrs) Jan (hrs) Feb (hrs) Mar (hrs) Apr (hrs) 

1995/96 39 13 19 32 8 

1996/97 39 44 44 13 0 

Table 2.7. Tl d rt ff t b f · d 1eo o 1 e e or y 1me peno . 

Season 6:00-10:00 10:00-14:00 14:00-18:00 

1995/96 21 57 33 

1996/97 48 67 25 

A total of 12,210 theodolite readings were made throughout the four month 
observation period in 1996/97. Dolphin positions were acquired at a mean 
interval of 41.3 seconds (SD=12 sec.). In the previous season, 9980 dolphin 
positions were measured at a mean frequency of 1 position every 40.0 
seconds (SD=15 sec.). Dolphin positions were plotted on separate maps 
according to month and time of day (Figures 2.8- 2.13). 

Dolphins exhibited high preference for a relatively small confined area 
inside the bay (Figures 2.8- 2.13). Hector's dolphins did not exhibit obvious 
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monthly movements into and out of the bay during the course of study 

(Figures 2.8a-d). Nor did they exhibit distinct arrival/ departure patterns 

throughout the three time periods (Figures 2.9a-c). 

CECEWBER JANUARY 

FEBRUARY MARCH 

Figure 2.8.a-d Location of Hector's dolphin groups. Data were collected through a four month 
period in 1996/97 and categorised by month. 
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6:00-10:00 

10:00- 14:00 

14:00 - 18:00 

Figure 2.9.a-c Location of Hector's dolphin groups. Data were collected through a four month 
period in 1996/97 and categorised by time of day. 
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The first analysis method showed that spread of dolphin sightings, 
measured as the average distance of all recorded positions to the 
corresponding monthly centre, differed at a highly significant level from 
month to month. Dolphins were on average 303 m (SD=23.2 m), 355 m 
(SD=30.55 m) and 257 m (SD=35.5 m) away from their monthly centres in 
December, January and February, respectively (Figure 2.10 and Figure 2.1la
c). Dolphins were observed to range throughout the same general area in 
these three months but the intensity with which they used certain parts of 
the area varied. Dolphins tended to congregate in a smaller area in February 
compared to December /January and in December compared to January. 
These differences are clearer on the contour plots than on the plots of raw 
positions, which suffer from large numbers of overlapping points. 
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Figure 2.10. "Spread" of dolphin sightings by month. Data constitutes theodolite fixes 
collected throughout three months in 1996/97. Average distances of all theodolite fixes to 
tim.e period centres. Error bars are 95% confidence intervals. All t-tests for comparing means 
nre significant at p. < 0.0001. 
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Figure 2.11.a Density plot of theodolite fixes collected in December 1996 of Hector's dolphins 

in Porpoise Bay. Each isopleth encompasses an additionallO% of obtained dolphin positions. 
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Figure 2.11.b Density plot of theodolite fixes collected in January 1997 of Hector's dolphins in 

Porpoise Bay. Each isopleth encompasses an additional 10% of obtained dolphin positions. 
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Figure 2.11.c Density plot of theodolite fixes collected in February 1997 of Hector's dolphins 
in Porpoise Bay. Each isopleth encompasses an additionallO% of obtained dolphin positions. 
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When all positions were lumped according to time period (6:00-10:00, 10:00-

14:00, 14:00-18:00), analysis showed that dolphin sightings were more 

congregated in the successive time periods from early morning to late 

afternoon. Differences were highly significant from one time period to 

<1nother (Figure 2.12 and 2.13a-c). Dolphins were on average 406 m (SD=66.2 

m), 374 m (SD=38.3 m) and 353 m (SD=26.8 m) away from the centre of the 

corresponding time period at 6:00-10:00, 10:00-14:00 and 14:00-18:00, 

respectively. 
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Figure 2.12. "Spread" of dolphin sightings by time interval. Average distances of all 
theodolite fixes to time period centres. Data constitutes theodolite fixes collected 
throughout the 1996/97 field season. 
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2.13.a Density plot of theodolite fixes taken between 6:00-10:00 of Hector's dolphins in 

Porpoise Bay in 1996/97. Each isopleth encompasses an additional 10% of obtained dolphin 

positions. 
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2.13.b Density plot of theodolite fixes taken between 10:00-14:00 of Hector's dolphins in 
Porpoise Bay in 1996/97. Each isopleth encompasses an additional 10% of obtained dolphin 
positions. 
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positions. 



35 

Movement within each observation period was investigated with the 
second analysis method. A multiple regression model was fitted to 
determine whether area of clusters differed from one viewing period to 
another. The duration of each observation period was introduced to the 
regression model as a co-variate because it was felt that the duration of each 
viewing period could effect the area. A preliminary regression analysis had 
shown, as expected, that the area of a cluster depended on the duration of 
the viewing period (p. = 0.0411). This confirmed that dolphins had a greater 
chance of moving further in a longer period and therefore recording a 
higher cluster area. This effect was neutralised by introducing viewing time 
as a co-variate, and this allowed attention to be focussed on daily time 
period effects and month effects. 

Results showed no evidence that dolphins were covering greater areas in 
individual clusters obtained between months or time periods (all p. > 0.05 
for all the parameters estimating the month and time effects. 

DISCUSSION 

Mark rate and population estimate 

Until this study, photographic identification surveys of Hector's dolphins 
have concentrated on large populations and covered relatively large areas. 
Identifiable Hector's dolphins have been classified into three categories 
according to their distinctiveness and only individuals with highly 
distinctive features have been used in analyses (Slooten et al., 1992). In this 
study, surveys were conducted regularly over a small area and concentrated 
on a relatively small population. This allowed animals with subtle marks to 
be included in analyses. Thus, resulting mark rate estimates were high 
compared to other HectGr's dolphin population studies. Stone (1992) 
estimated a 10% mark rate of the Hector's dolphin population frequenting 
Banks Peninsula waters. Slooten et al. (1993) report a mark rate of 12.5% (for 
individuals in category 1 and 2) for the same population evaluated from 
randomly taken photographs. These mark rates are low compared to some 
other species. For example, Bigg et al. (1990) report a 100% mark rate in killer 
whale populations in British Colombia waters, Shane and McSweeney 
(1990) report a 45.3% identification rate of pilot whales (Globicephala 
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macrorhynchus) in Hawaii, and bottlenose dolphin populations often have 

mark rates greater than 50% (Wursig and Jefferson, 1990). 

The population estimates presented here refer to the population of dolphins 

that had been recorded in the study area on one or more occasions in a field 

season. Estimates were based on the assumption that all identifiable 

dolphins in the population had been identified. Two independent 

population mark rate estimates were calculated for the 1996/97 season. For 

the season when the two mark rate estimates can be calculated, they proved 

nearly identical (36.88% and 36.34%); and hence resulting population 

estimates were similar (49 and 50 dolphins, respectively). The assumption 

that all identifiable dolphins were identified seemed reasonable since no 

new identifications were made after halfway through the field season. 

Tn the 1995/96 field season, the total population was estimated at 65 

dolphins. The difference between population estimates in the two field 

seasons is attributable to differences in estimated mark rates between 

seasons (36.88% and 36.34% in 1995/96 and 24.53% in 1996/97). This 

difference is likely to be an artefact, however. Increasing photographic skill 

meant that the proportion of critically sharp photographs was higher in the 

second year, increasing my ability to identify animals with subtle marks. 

The difference in mark rate drives the apparent difference in population 

size. Additionally, 75% of the animals identified in the first season were 

reidentified in the second, implying that it was effectively the same 

population. 

Photographic effort also changed during 1995/96. I tried to obtain 

photographs of all dolphins in encountered groups, effort was biased 

towards the most distinctive individuals up to the 31st survey. 

Subsequently, photographs were taken randomly at every dolphin surfacing 

in the vicinity of the boat. Thus the less obvious identifiable individuals 

which might previously have been missed were possibly being identified. 

Mark-recapture models have been applied to estimate animal abundances 

(for reviews see Seber, 1982; Seber, 1992). These models are usually classified 

into those suitable for open or closed populations - openness and closure is 

based on whether or not the population has a loss or gain of individuals 

during the study period. A criterion for both types of models is equal 
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sighting probabilities of all individuals in the population. On this basis 

alone, mark-recapture estimates could not be applied to estimate the 

number of marked animals in the Porpoise Bay population robustly. 

[ndividual sighting frequencies were highly variable implying that only 

sonce individuals showed a high site preference for the area and hence were 

consistently more available than other individuals. This problem affects 

Ellmost all mark-recapture studies. For example, a similar case arose in the 

Gulf of Maine where humpback whales return each year to feed 

(Hammond, 1986). Within the area whales showed strong site preference 

resulting in unequal sighting probabilities of animals. 

Residence of individual dolphins 

The size of a sampling area must be considered when interpreting sighting 

data (Wells et al., 1980; IWC, 1990). A large study area relative to the home 

rmcge of the study animals assures greater chance of accurately estimating 

their home ranges. The scope of this study was not to gather data over an 

extensive geographic area (and hence information on home ranges) but to 

document site fidelity of the dolphin population using the bay. Residency of 

animals in the study area was evaluated by the total number of sightings of 

an animal combined with the average number of field days between 

sightings. 

Intra-season 

Some individuals were seen on half or more of the surveys. These animals 

seem to be largely resident in the bay. Though Porpoise Bay cannot make up 

the entire home range of these individuals it may serve as an important or 

prime summer habitat within the overall home range. Other individuals 

were seen less consistently, but were obviously frequent visitors to the bay. 

Almost half the individuals identified were seen fewer than five times. 

These data are consistent with the model of a small resident population that 

is visited occasionally by members of neighbouring populations. 

Alternatively, individuals sighted in the bay on a few occasions and with 

relatively long sighting intervals could be individuals with larger home 

ranges and therefore exhibit lower sighting frequencies. Individuals sighted 

on few occasions within few days and then never re-sighted could be 

transient individuals moving through the area. Bigg (1982) reported 

populations of killer whales in the Pacific Northwest, and classified them as 

resident or transient populations in the inland waters of British Colombia. 



38 

The transient population visited the area infrequently whereas resident 
whales were regularly sighted throughout the study site. 

Inter-season 

Seventy five percent of dolphins identified in the first season were resighted 
in the second season. Newly identified dolphins in the second season could 
have been new arrivals to the study area or they could simply have acquired 
marks between the two field seasons. Dolphins acquire marks and scars 
throughout their lives (e.g. Lockyer and Morris, 1990). In theory, marks 
from the previous year could also have been obscured by additional damage 
and therefore previously identified dolphins could have been classified as 
newly identified (Childerhouse and Dawson, 1996). 

Resightings of identifiable dolphins in Porpoise Bay between the two years 
is in agreement with studies by Slooten and Dawson (1994). Their studies at 
Banks Peninsula have shown that Hector's dolphins reside in well-defined 
regions with no evidence of long distance along-shore migration. 
Individually identified dolphins have been resighted regularly in up to ten 
years around Banks Peninsula (Dawson and Slooten, 1996). Despite wide 
ranging surveys, the most extreme distance between two sightings of the 
same individual is 34 nautical miles. Furthermore, individual dolphins in 
Banks Peninsula waters have exhibited preferences for certain areas. Of 179 
distinctive dolphins sighted on the southern side of the peninsula only 13 
were resighted further north (Slooten and Dawson, 1994). 

Group size and composition 

In Porpoise Bay, Hector's dolphins were observed in groups ranging from 1 
to 26 individuals. Average group sizes were very similar in the first and 
second field season (11.0 and 11.6, respectively; medians for both seasons = 
11.0). J?awson and Slooten (unpublished data) observed an average group 
size of 10.9 dolphins (median= 7.0) around Banks Peninsula from 1986-1989, 
where the population is approximately an order of magnitude larger. 
Observed group sizes in Porpoise Bay were comparable to those of other 
Cephalorhynchus species which are usually found in groups of up to ten 
animals (Ridgway and Harrison, 1994). 

Group sizes vary both between and within species. In the literature, 
variation in group sizes has been related to the distribution and quantity of 
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food resources and protection from predation (for review see Evans, 1987). 

All four Cephalorhynchus species are highly coastal and prefer very shallow 

waters ( <50m). In general, group sizes tend to decrease with decreased water 

depth (Evans, 1987), in apparent response to the more predictable and 

evenly distributed food than in the open ocean. In the open ocean, food 

sources are more likely to be found in aggregations making their 

distribution and availability less predictable (Shane et al., 1986). 

Of the groups encountered in Porpoise Bay (n=87), 82.8% contained calves 

and/ or juveniles. Of all dolphins encountered (n=982), 17% percent were 

either calves or juveniles. Leslie matrix simulations were carried out to 

investigate whether the observed proportions of young individuals is to be 

expected in a population (Leslie, 1945; Slooten and Lad, 1991). Leslie matrix 

models calculate population growth rates when information on age-specific 

survival and fertility rates, age of first reproduction, calving interval and 

longevity is available or can be inferred (for details see Slooten and Lad, 

1991). Furthermore, Leslie matrix models estimate the expected proportion 

of juveniles in a population. Results from simulations indicated that the 

proportion of juveniles and calves in Porpoise Bay was not unusual. Thus 

there was no evidence of segregation of calves and juveniles with mothers 

in the bay, as is frequently seen at Banks Peninsula and in other dolphin 

species. Irvine et al. (1981) found that bottlenose dolphin females and calves 

tended to concentrate in shallow waters in protected areas in summer in 

Sarasota, Florida. Wells et al. (1980) concluded that the same population was 

utilising its home range depending on the age and composition of the 

group. 

Spatial and temporal distribution 

Hector's dolphins showed preference for a small area inside Porpoise Bay. 

They were observed throughout most of the bay but spent a high proportion 

of time in an area confined by a small reef system and the surf zone of the 

southern end of the bay. The maximum water depth of this area was less 
than ten metres. 

The two analysis approaches gave different insights into patterns of 

distribution. The first approach, in which each position fix was the unit of 

analysis, showed clear seasonal and time of day differences in distribution 

within the bay. In the second approach, the analysis focuses on the "spread" 
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of the cluster of points obtained within each observation period (typically 2-

4 hours). This "spread", or cluster area, did not change significantly by 

season or time of day. Hence, the combination of analyses shows that while 

the area that the dolphins use over 2-4 hour periods remains reasonably 

constant, the location of those individual areas moves around, and is more 

variable in the morning than afternoon. 

Spinner dolphins in Hawaii exhibited diurnal patterns with movements 

into Kealake' akua Bay in early mornings and movements out of the bay in 

the afternoons (Norris and Dohl, 1980). Dolphins in Hawaii spent time in 

Kealake' akua Bay resting in a very confined area ( <0.25 km2) for up to six 

hours. Similar movement patterns were not observed at Porpoise Bay 

during observation periods between 6:00 - 18:00. Rather, the daily pattern of 

habitat utilisation was utilisation of smaller "patches" as the day progressed. 

The more concentrated area utilised by the Hector's dolphins in Porpoise 

Bay in afternoons could be a preferred area for rest at this particular time of 

day. 

Hector's dolphins in Porpoise Bay concentrated in a smaller area in the 

afternoon and sightings were more dispersed in mornings. Dispersion of 

groups over large areas ensure dolphins a more effective coverage and 

higher chance of prey encounter (Evans, 1987). Hence the dispersed area 

covered by dolphins in Porpoise Bay in the mornings might be explained by 

dolphins feeding. 

Dawson and Slooten (1988) describe a general inshore movement of 

Hector's dolphins in summer and an off-shore movement in winter. This 

study was not able to document seasonal movements of Hector's dolphins 

in Porpoise Bay as field effort was conducted only during summers. 

However, of five visits to the study area in the winter between the two field 

seasons only once were dolphins observed. Furthermore, local residents 

living near Porpoise Bay report few sightings of dolphins in winter 

compared to summer (Nancy Gee, pers. comm.). These observations seem 

to be in agreement with the general off-shore movement of Hector's 

dolphins in winter as described by Dawson and Slooten (1988). The winter 

time distribution of the animals which frequent Porpoise Bay in summer is 

unknown. 
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Chapter 3 * 

A method for testing association patterns of social mammals and 
the social structure of Hector's dolphins in Porpoise Bay 

INTRODUCTION 

Information extracted from photo-identification studies can be used to 
quantify preferences between individuals. Recognition of individual 
animals gives considerable insight into social structures of communities by 
allowing identification of key animals, group compositions and coalitions 
(Wiirsig and Wursig, 1977; Whitehead, 1983; Bigg et al., 1990; Mitani et al., 
1991; Smolker et al., 1992; Slooten et al., 1993; Wilson, 1995). Dolphin 
societies exhibit various degrees of stability in their group composition 
(Wiirsig, 1989). Groups of Orca (Orcinus orca) in Johnston Strait, 
Vancouver, seem to change composition only due to birth and death (Bigg 
et al., 1990), whereas Spinner dolphins (Stenella longirostris) have highly 
fluid group dynamics changing on a daily basis (Norris and Dohl, 1980). 
Bottlenose dolphins (Tursiops truncatus) and Hector's dolphins seem to fall 
in between these extremes of fission/fusion societies (Slooten et al., 1993). In 
all of these cases association indices have been used as a quantitative 
measure to assess sociality. 

Historically, association indices were developed to describe the co
occurrence of (plant) species within a community or habitat (Dice, 1945; 
S0rensen, 1948). During the last 25 years, zoologists have adopted the 
method to measure the strength of associations between individuals, 
especially in social vertebrates (e.g. Schaller, 1972). The underlying 
assumptions are that physical proximity (i.e. memb~rship of the same 
group) signifies social affiliation, and that amount of time together 
correlates with the strength of affiliation. The theoretical background to 
measuring social affiliations with association indices is provided by Hubalek 
(1982), Sailor & Gaulin (1984), and Whitehead (1997). Some of the more 
common indices have been evaluated by Cairns & Schwager (1987) and 
Ginsberg & Young (1992). 

* Part of chapter has been accepted for publication in Animal Behaviour: Bejder, L., Fletcher, 
D. and Brager, S. (in press). A m.ethod for testing association patterns of social mammals. 
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An association index is calculated for each dyad (pair of individuals) in the 

population. Most indices are defined so that they range between zero (two 

individuals never seen together) and one (two individuals always seen 

together). The higher the value of the index, the greater the level of 

21ssociation between that pair of individuals. It is common to summarise the 

results of an analysis of association by presenting the histogram of indices 

for all dyads, together with a summary statistic such as the median. In 

addition, an ordination technique such as cluster analysis can be used to 

investigate any patterns in the indices that might help in understanding the 

social structure of the population (e.g. Slooten et al., 1993). 

There is a major drawback to using the indices in this descriptive manner. 

As Whitehead (1997, p.1065) points out for analyses of association in 

general, "... it is often important to distinguish real features from 

methodological artefacts and random noise." For example, a cluster analysis 

might be used to infer particular social groups within the population, the 

dyads concerned having relatively high values for the association index. But 

could such apparently strong associations have occurred by chance alone 

given the number of individuals in the population, individual sighting 

histories and the number of individuals per group? 

This question must be answered before any inferences can be drawn from 

descriptive summaries of association index values. Such a test can be carried 

out using a Monte Carlo method (Manly, 1997), in which the analysis is 

repeated on simulated data sets. These data sets are randomly generated in 

such a way as to retain important features of the original data. This general 

approach has been used by a number of authors in the analysis of 

association (Whitehead et al., 1982; Lott and Minta, 1983; Myers, 1983; 

Wilkinson, 1985; Mitani et al., 1991; Smolker et al., 1992; Slooten et al., 1993). 

However, none of these authors discuss the details of the algorithm they 

use for generating data sets. It is clear from the literature on randomisation 

testing for species co-occurrences on islands, a mathematically equivalent 

problem, that the construction of a suitable algorithm is not trivial. 

The purpose of this chapter is twofold: to present an algorithm that can be 

used to perform a Monte Carlo test of random association and to use the 
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algorithm to give a description of the social structure of Hector's dolphins 

in Porpoise Bay. 

METHODS 

Field methods and data collection 

Photo-identification of individuals is a non-invasive tool frequently used to 

study the social structure of cetaceans and other social mammals (Wursig 

and Wiirsig, 1977; Wursig and Jefferson, 1990). Data used here come from 

two field seasons of research carried out on a distinct population of Hector's 

dolphins in the inshore waters of the South Island of New Zealand (Figure 

2.1). 

Hector's dolphins are most often observed in groups of two to eight 

individuals. These groups often fuse together and split up over periods of 

less than an hour to several hours (Slooten et al., 1993). Individuals were 

considered associated if they were members of the same group or cluster of 

groups, as defined in Slooten et al. (1993). Groups of dolphins were 

considered part of the same cluster of groups if groups merged in the time 

span when photographs were being taken during an encounter. An 

encounter was defined as a time period spent with the same group or cluster 

of groups. 

Photo-identification surveys m Porpoise Bay (46° 39'S, 169° 6'E) were 

carried out on 44 days between 3 December 1995 and 6 April 1996 and on 35 

days between 21 November 1996 and 15 April 1997. Three vessels, ranging 

from 3.8 to 6 m long, were used. Only surveys that allowed complete 

coverage of the bay were included in the analysis. Surveys were conducted 

at slow planing speeds (10-15 knots), with the vessel slowing to <3 knots for 

photography once dolphins were sighted. Photographs were taken using 

35mm cameras with various lenses, at ranges of <10m. Group size, location 

and time were recorded for each encounter. Analyses presented here are 

based entirely on photographic records; individuals seen but not 

photographed were not included. 
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Calculation of association index 

It is common practise to include in the analysis only those individuals seen 

at least a certain number of times. This helps to guarantee that those 

individuals can be re-identified. In the literature, this minimum has ranged 

from two to six sightings (e.g. Underwood, 1981; Myers, 1983; Metcalfe, 1986; 

Penzhorn, 1989; Weinrich, 1991; Whitehead et al., 1991; Slooten et al., 1993; 

Brager et al., 1994; Wil.rsig and Lynn, 1996). In addition, sightings are usually 

required to be spaced at least a day apart so as to provide independent 

evidence of association. 

We chose to use two levels for the required number of sightings (>2 and >5), 

in order to assess the effect that this number had on the analysis. Following 

Cairns and Schwager (1987), we used the Half-Weight Index (HWI). HWI 

has been commonly used in studies of dolphin social structure (e.g. Wells et 

al., 1987), because photographic identification studies are likely to 

underestimate the number of joint sightings (Smolker et al., 1992; Slooten et 

al., 1993). However, the approach we describe applies equally well to any 

other measure of association. 

The HWI is calculated as follows: 

HWI = x/{x + Yab + 0.5(ya + Yb)) 

where 
x = number of encounters including both dolphin A and B 
Ya = number of encounters including dolphin A but not dolphin B 
Yb = number of encounters including dolphin B but not dolphin A and 

Yab = number of encounters including dolphin A and B in different groups 
or cluster of groups at the same time. 

In our case Yab is always zero: dolphins A and B could not be scored as in 

different groups at the same time, due to our definition of groups together 

with the criterion that dolphins need to be photographed to be included in 

analysis. 

Testing the hypothesis of random association 

The hypothesis is tested by randomly generating alternative data sets, each 

with the same number of dolphins and the same number of groups as in 

the observed data. Furthermore, in each of these data sets, the number of 

tin'les each dolphin is sighted and the number of dolphins in each group are 
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both constrained to be the same as in the original data. This has the 
advantage of retaining important features of the original data in all the 
randomly-generated alternatives. This constrained-randomisation approach 
has also been used by Whitehead et al. (1982), Smolker et al., (1992) and 
Slooten et al. (1993) in analysing association patterns. Unfortunately, none 
of these authors provide details of the algorithm used to implement this 
approach. 

For each randomly generated set of data, HWis are calculated for each dyad 
and an overall summary statistic (S) derived from them. This statistic is the 
one suggested by Manly (1995a) for testing the randomness of species co
occurrences. Here, this is written as 

where D is the number of individuals, oii is the HWI for individuals i and j, 
and eii is its expected value under the hypothesis of random association. 
The value of eii is estimated by the mean of oii over all randomly generated 

data sets. 

The set of values of S we obtain from all the data sets provides a 
randomisation distribution. If the hypothesis of random association is true, 
the observed value of S should appear to be a typical value from this 
distribution. The proportion of all the values of S (observed and randomly
generated) that are at least as large as the one observed is the Monte Carlo p
value. If this p-value is less than 0.05 (say), we reject the hypothesis of 
random association. As usual, failing to reject this hypothesis does not 
imply that association is random: it simply means th.at there is no evidence 
against it in the data. 

If we reject the overall hypothesis of random association, it is natural to 
consider each dyad separately, in order to identify individuals that are 
interacting non-randomly. This can be achieved by testing the hypothesis of 
random association separately for each dyad. For individuals i and j, the p
value is the proportion of all the oii (observed and randomly-generated) that 
are as large as the observed value of oii" A small p-value implies that 

individuals i and j are seen together more often than would be expected 



46 

under random association. By calculating the proportion of all the oii that 

are as small as the observed value of oii' one can also obtain a p-value for 

assessing whether individuals i and j are seen together less often than 

would be expected under random association. With many pairs of 

individuals there is the option of using a Bonferroni-adjustment in order to 

reduce the overall Type I error rate, although this will naturally lead to an 

increase in the overall Type II error rate (Manly, 1995a). Rather than regard 

the p-values for dyads as part of a formal testing procedure, however, we 

suggest using them directly as measures of evidence for non-random 

association amongst pairs of individuals. This strengthens the usual 

analysis based on individual HWis. Even if overall there is no evidence of 

non-random association in the population, they can still be used in this way 

to allow key animals and group compositions to be studied in detail. 

Data sets are generated from the observed data in a sequential manner, as 

follows. Starting with the observed data matrix (Table 3.1), a new matrix is 

generated by: 

1. Randomly selecting two rows (i and j) and two columns (m and n) for 
which the elements of the matrix have either of the following patterns: 

Row 

Column 
m 
0 
1 

n 
1 
0 

Row 1 

Column 
m 
1 
0 

n 
0 
1 

2. Changing these four elements by replacing the zeros by ones and the ones 
by zeros. 

This step has the effect of randomly swapping two individuals between 

groups in such a way as to keep fixed the number of times an individual 

was sighted and the number of individuals per group. HWI values are 

calculated for this new data matrix, and the process is repeated a large 

number of times, each time starting with the matrix generated at the 

previous step. Manly (1995a) discusses the theoretical background to this 

method, and points out that the resulting p-value may be biased if the 

number of randomisations is not large enough, as the data matrices that are 

generated are "too close" to the original observed matrix. He suggests 

replicating the test 100 times (say) in order to obtain a mean p-value, 

together with a standard error. We suggest an alternative approach here, 
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which is to replicate the test a small number of times for each of a number 

of randomisations. For example, we might replicate the test five to ten times 

for each of 1,000, 5,000 and 10,000 randomisations. The pattern in the 

resulting mean p-values (with standard errors) allows us to assess whether 

the underlying "true" p-value (the one we would obtain if we used an 

infinite number of randomisations) is sufficiently small. 
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Table 3.1. Sightings of identifiable Hector's dolphins in Porpoise Bay in 1996/1997 on 40 
smnpling occasions (1 = present, 0 = absent). Bordered cells demonstrate the randomly chosen 

specific pattern (?6) which is switched to its inverse (6?) during the randomisation test. 

Individuals Total no. of 
Group ntunber A B c D E F GHI J K L MN 0 p Q R ids in group 

1 0 1 0 0 1 0 1 1 0 0 0 1 1 0 0 0 0 0 6 
2 0 1 1 1 1 0 1 0 0 1 0 1 0 0 1 1 0 0 9 
3 0 1 1 1 1 0 0 0 0 1 0 1 1 0 0 0 0 0 7 
4 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
5 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 3 
6 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 3 
7 1 1 0 1 1 0 0 0 0 1 0 1 0 0 0 0 0 0 6 
8 1 1 0 0 0 1 1 1 0 0 0 0 1 0 0 0 0 0 6 
9 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 
10 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 

11 1 1 0~1 0 0 0 0 0 I2J 0 1 0 1 1 0 0 7 

12 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 2 

13 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
14 1 1 0 0 1 0 0 1 0 0 0 1 1 0 0 0 0 0 6 
15 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 4 
16 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 2 

17 0 0 0 [2] 0 0 0 1 1 0~1 0 0 0 0 0 0 4 

18 0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 1 0 4 

19 0 0 0 0 1 0 0 0 0 1 0 1 1 0 0 1 1 0 6 
20 1 1 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 1 5 
21 1 1 0 1 1 1 1 0 0 1 1 0 1 0 0 1 0 0 10 
22 1 1 1 0 1 1 1 0 0 0 1 0 1 0 0 1 1 0 10 
23 1 1 0 1 1 1 1 0 0 0 0 1 1 1 0 1 0 0 10 
24 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 2 
25 1 0 0 1 1 1 1 0 1 0 0 1 1 0 0 1 0 0 9 
26 0 0 0 0 0 0 1 1 0 0 0 1 1 0 0 0 1 0 5 
27 0 1 0 1 1 0 1 0 0 0 0 1 1 0 0 0 0 0 6 
28 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 
29 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
30 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 2 
31 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 3 
32 1 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 4 
33 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
34 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
35 1 0 1 0 1 0 0 0 0 0 0 1 1 0 0 0 0 0 5 
36 1 0 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 4 
37 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 3 
38 1 1 0 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0 5 
39 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 4 
40 1 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 1 5 

Sum of sightings 20 24 7 12 18 8 9 5 2 9 3 15 24 2 2 11 4 2 177 
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Cluster analyses 

Cluster analyses were conducted to further investigate the social structure of 

the Porpoise Bay dolphin population. Agglomerative hierarchic cluster 

analysis were carried out, lumping associated individuals into groups using 

the group average linkage method (Manly, 1995b). Groups or clusters were 

constructed from similarity matrices - similarity based on the HWI. 

RESULTS 

Sighting histories of Hector's dolphins around Porpoise Bay are 

summarised in Table 3.2. Individuals included in analyses in one season 

were not necessarily included in analyses of the subsequent season if they 

failed to meet the sighting criteria. 

Table 3 2 A . . ssoc1abon summanes f H or ' d l h' . p ector s op msm orp01se B ay . 

Sampling area and period Proportion of zero values Median of observed 

(sample size for individuals of the observed HWI values HWI values (>0) for 

with ::=:2 I ::=:5 sightings) for all individuals sighted all individuals sighted 

::=:2 times ::::5 times ;::: 2 times ::=:5 times 

Porpoise Bay 1995/96 22% 3% 0.290 0.348 

(n= 15/9 ind.) 

Porpoise Bay 1996/97 22% 5% 0.280 0.380 

(n= 18/12 ind.) 

The HWI values contain relatively small proportions of zeros (ranging 

from 3% to 22%) (Table 3.2 and Figure 3.1a-b). If only dyads with non-zero 

HWI values are considered, the medians are similar for dolphins sighted on 

at least two occasions. Using the more stringent criterion of 2.5 sightings led 

to increases in the median HWI. Furthermore, the more stringent criterion 

reduced the number of dolphins included in the analyses by 33-40%. It also 

reduced the proportion of zero HWI values by 17-19%. 
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Figure 3.1. Observed frequency distributions of HWI values between individual Hector's 
dolphins in Porpoise Bay (a= 1995/1996, b = 1996/1997). 

The upper and lower 95% confidence limits of the p-values decreased as the 
number of randomisations increased (Figure 3.2), and indicate that at least 
5,000-10,000 randomisations are needed to estimate the "true" p-value 
accordingly. 
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Figure 3.2. Example of the effect of the number of randomisations on the p-value for testing 
the hypothesis of random association (1995/1996 for :2:.5 sightings). 

There was strong evidence for non-random association at Porpoise Bay in 
1995/96, regardless of the criterion used for including individuals (Table 
3.3). Interestingly, there was no evidence for non-random association in 
1996/97. 

Table 3.3. P-values for testing the hypothesis of random association of Hector's dolphins. 

Sampling area and period Mean p-values for testing the hypothesis 

(sample size for individuals of random association for all 

with ~2 I ~5 sightings) individuals sighted 

Porpoise Bay 1995/96 

(n= 15/9 ind.) 

Porpoise Bay 1996/97 

(n= 18/12 ind.) 

~2 times 

0.006 

0.83 

~ 5 times 

0.04 

0.25 

In 1995/96, twelve and four dyads were associating non-randomly, for ~2 
and ~5 sightings respectively (Table 3.4). In the following season, when the 
overall pattern showed no evidence of non-randomness, two and one dyads 
were associating non-randomly, respectively. 
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Table 3.4. Hector's dolphin dyads associating non-randomly in Porpoise Bay. 

Porpoise Bay Percentage of dyads 

associating non-randomly 

Season for all individuals sighted 

;:o: 2 times ;:o: 5 times 

1995/1996 8.6% (105) 11.1% (36) 

1996/1997 1.3% (153) 1.5% (66) 

() total number of possible dyads 

Observed HWI values of Porpoise Bay dolphins 

During the two austral summers of 1995/96 and 1996/97, 15 and 18 dolphins 

respectively, were identified on > 2 occasions in Porpoise Bay (Table 3.2). 

Raising the threshold of minimum sightings decreased the proportion of 

zero HWI from 22% to approximately 3-5% (Table 3.2). These figures point 

out that the majority of individuals have been associated with all other 

individuals at some stage during the study periods. The more stringent 

criteria raised the median non-zero HWI values to 0.35 (from 0.29) m 

1995/96 and to 0.38 (from 0.28) in 1996/97. 

Tn 1995/96 relatively few HWI values were > 0.5, ie. 6% and 8% for the> 2 

sighting threshold criteria, respectively (Table 3.5). For the second season, 

the proportion of HWI values > 0.5 were approximately double the 1995/96 

proportions, ie. 10% and 18% respectively. 

Table 3.5. Proportion of HWI va ues > 0 5 f p or 01]-J_OlSe ay ec ors B H t ' dolphins. 

Proportion of HWI > 0.5 

Season for all individuals sighted 

~ 2 times ;:o: 5 times 

1995/1996 6% (105) 8% (36) 

1996/1997 10% (153) 18% (66) 

( ) total number of possible HWI 
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Cluster analyses 

Diagrams of the cluster analyses (Figure 3.3a-d) show that the highest degree 

of clustering occurs between HWI distances of approximately 0.1 and 0.4 for 

individuals seen ?... 2 (for both seasons). This correlates with the 

corresponding frequency distributions where the majority of indices are 

within these HWI classes (Figure 3.la-b). 
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Figures 3.3.a-b Cluster analysis representations. Agglomerative hierarchic cluster analysis 
lumped individuals into groups using the group average linkage method. Individual dolphin 
identity codes are given on the right side of the dendograms. 
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Figures 3.3.c-d Cluster. analysis representations. Agglomerative hierarchic cluster analysis 
lum.ped individuals into groups using the group average linkage method. Individual dolphin 
identity codes are given on the right side of the dendograms. 

Dendogram representations for individuals seen on > 5 occasions are 

essentially subset-representations of dendograms presenting data for 

individuals sighted >2 times. Cluster diagrams for data-sets with higher 

sighting criteria generally merged at slightly higher levels (Figure 3.3b+d). 
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The 1996/97 cluster diagram depicts higher levels of clusterings at> 0.5 HWI 

distances than for the previous year. This correlates with a higher HWI 

median (0.38 vs. 0.35) and with the corresponding frequency distributions. 

For 1996/97, the frequency distribution peaks at a higher HWI-class and is 

thus displaced towards the right in relation to the 1995/96 distribution. 

Relatively "high" association values (HWI ~ 0.5) between specific 

individuals in one year never resulted in high association values in the 

other year. Clustering at high values of HWI distances (> 0.5) between the 

same 2 individuals in consecutive seasons was not observed. This was true 

for datasets from either criteria. Persistently high HWI values were not 

observed between any 2 Hector's dolphins in Porpoise Bay. 

Testing the hypothesis of random association in Porpoise Bay 

Statistics on associations between Porpoise Bay dolphins in 1996/97 failed to 

reject the Ho hypothesis thereby concluding identifiable individuals were 

not associating non-randomly (p. = 0.85 and p. = 0.25 for dolphins seen >2 

and >5 times respectively) over this time period. Raising the minimum 

number of sightings for an individual to be included in the test, had the 

effect of decreasing the probability value in 1996/97 but increasing the value 

in 1995/96. In neither case did this cause the effect of changing a non

significant result to a significant result. Over-all associations were highly 

non-random in the first season and random in the next season despite 

having similar median HWI (Table 3.2-3.3). Thus, association index values 

do not imply random/non-random associations between individuals in a 

population. 

Randomisation tests were also carried out for individuals seen >2 and >5 

times in both seasons. These criteria eliminate transient animals from the 

calculations and puts emphasis on the "resident" dolphins. Again, p-values 

revealed a non-significant result (p=0.15 and p=0.29, respectively). Overall, 

the animals seen on a minimum of 2 or 5 times in both seasons were 

apparently associating randomly throughout the 2 field seasons. 

Dyads associating significantly different from random 

Of the dyads associating non-randomly in 1995/96, none were associating 

non-randomly in the subsequent season. Furthermore, none of the 
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individuals seen >2 or >5 times in both seasons were associating non

randomly. 

DISCUSSION 

Testing for non-randomness 

Analyses of association based solely on the values of an index are of limited 

VCilue since they do not provide evidence as to whether the observed index 

values are higher than would be expected under random association. Thus, 

simple threshold values of 0.2 or 0.4 (say) for the median index value seem 

to be of little use without testing for non-randomness. We have presented 

an algorithm that is straightforward to implement, and avoids some of the 

potential complexities inherent in alternative algorithms (see Manly, 1995a 

for a good discussion of the alternatives). 

lmpact of Sighting Threshold 

[n many studies, an effort IS made to maximise re-identifiability by 

including only those individuals which have been sighted a specified 

minimum number of times. This minimum is often determined by 

practical considerations, as it can rapidly reduce the number of individuals 

included in the analysis. However, it may be possible to vary the minimum 

in order to assess the robustness of results. There is a trade-off here between 

including as many individuals as possible and ensuring that the data are 

reliable. For the Hector's dolphin population considered here, we used two 

criteria. Effects on tests for non-randomness were small, with no change in 

the conclusions. Note that changing the inclusion-criterion will not affect 

the HWI values for individual dyads, only whether those dyads are 

included in the analysis. 

Effect of Group Size 

The number of identifiable individuals per group will vary within and 

between populations. In general, a low sighting rate necessitates a greater 

number of randomisations to detect non-randomness. In the extreme case 

of only one identifiable individual per group (i.e. no observed associations), 

it is impossible to detect non-randomness with the method presented here, 

as all randomly-generated data matrices are equivalent to the observed one. 

Another extreme case, in which all identifiable individuals belong to every 
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group, cannot be assessed by this method as no random "swaps" are 
possible. 

When are the Values of an Association Index Meaningful? 

In assessing association patterns, some authors have used the value of the 
association index for each dyad to determine the "strong" associations (e.g. 
Slooten et al., 1993; Brager et al., 1994). As indicated earlier, these values can 
be misleading unless they are compared to what could be expected by 
chance. We have shown that populations with similar HWI values, one 
had non-random associations while the other did not. This would suggest 
that the HWI alone provide little information about association strength. 
Thus, it is possible for a relatively high index value to be not significantly 
different from what would be expected under random association, given the 
observed group sizes and numbers of sightings per individual. Likewise, a 
relatively low index value can be significantly different from what would be 
expected under random association, e.g., when two individuals are actively 
avoiding each other (i.e. the test is two-tailed). The same argument applies 
to the use of any index. 

It is clear that inferences about association using just the mean or median 
HWis could be misleading (see Tables 3.2 and Table 3.3). Medians are similar 
for both two seasons (regardless of the inclusion criterion) and yet there is 
evidence for non-randomness of association in only one of the seasons. 
This emphasises the fact that a "high" median HWI does not necessarily 
imply non-random association and that, as Whitehead (1997) argues, one 
needs to distinguish between "random noise" and actual features when 
drawing conclusions from social structure analyses. 

The test of the hypothesis of random association presented here does not 
provide a direct comparison of two sets of observed i_ndex values. An 
indirect comparison is clearly possible by comparing their p-values for the 
overall test. It is natural to consider how we might directly compare the 
association patterns in two populations, of different species or of the same 
population at different times, in a manner that allows for differences in 
population size and group-size distribution. This is the focus of ongoing 
work. 
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Porpoise Bay dolphins 

The diagrammatic representations of the cluster analysis are based on the 

observed HWI values and thus represent relationships between such. In 

comparing Figure 3.3a with Figure 3.3c (or Figure 3.3b with Figure 3.3d), it is 

not evident that one dendogram represents a non-randomly associating 

population, whereas the other represents a population without significant 

evidence thereof. In 1996197, there were more individuals clustering at 

HWI levels greater 0.5 than in the prior season. And yet the latter 

population was associating non-randomly while the prior one was not. 

Furthermore, among dolphins seen > 2 in 1995196, 12 dyads were associating 

non-randomly whereas only two dyads were associating non-randomly in 

1996197. Such facts are not depicted in dendograms, and hence underscore 

the importance of formally testing for non-randomness. 

Groups of Hector's dolphins often fuse together and split up over periods of 

less than an hour to several hours - often exchanging individuals between 

groups (Slooten et al., 1993). This pattern of instability also seemed to exist 

in the long term between dolphins in Porpoise Bay. Identified dolphins 

associated with little preference towards each other over the course of each 

season and throughout the two seasons. In 1995196, the population was 

associating non-randomly. In the following season there was no evidence of 

non-random association. This is surprising considering that the population 

was essentially the same (75% resighting rate of individuals identified 1n 

1995196 (Chapter 2). No individual pairs were significantly associated m 

both seasons (mother I calf pairs were excluded from the analysis). 

The recognition of individual animals can give considerable insight into 

social structures of communities by allowing identification of key animals 

and group compositions. Dolphins acquire and accumulate marks and scars 

throughout their lives (Lockyer and Morris, 1990) and thus, results 

presented here are most likely to refer to older or adult individuals. 

Therefore, mother I calf pairs were not included in analyses. Such 

associations would most certainly show up as significant associations. Of 

interest would be to ascertain whether dolphins of different age classes show 

sim.ilar patterns of association within years and between years. 

The question arises as to the reason why the dolphins spend a large amount 

of time in Porpoise Bay in the austral summer. Animals form aggregations 
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when the benefits of being in a group exceed the costs (Alexander, 1974). 

Living in groups increases predator detection and cooperative defence, 

optimises foraging efficiency and reproductive success (Bertram, 1978). 

Wilkinson (1985) points out, that there are two types of benefits from group 

aggregations: active and passive benefits. Active benefits necessitate 

interactions among individuals whereas passive benefits are obtained when 

<mimals independently aggregate at a patchily distributed resource. Dolphins 

in Porpoise Bay certainly interact with one another but such interactions 

seem to occur without strong individual preference. Dolphins could be 

present in the study area because of the presence of other dolphins per se. 

But there is strong evidence from the randomisation tests to suggest that 

individual dolphins are not present because of other specific individuals. 

The presence of Hector's dolphins in Porpoise Bay is most likely due to a 

combination of two things: (1) the bay itself provides shelter from the open 

ocean and (2) the availability of food resources in the bay. 

Dolphins were often observed chasing fish at the surface and engaged in 

long dives in areas around the south head reef and at the stream outlet. 

These were interpreted as feeding sessions. It seems unlikely that Hector's 

dolphins in Porpoise Bay form groups to optimise feeding efficiency as there 

was no evidence of co-operative feeding. Slooten and Dawson (1994) report 

that Hector's dolphins feed opportunistically in small groups or 

individually which is in agreement with the observations of this study. 

Spinner dolphins in Hawaii moved into bays at certain times of the day 

(Norris and Dohl, 1980). This was reasoned as an escape mechanism from 

sharks living in the open ocean. It seems unlikely that Porpoise Bay 

provides shelter from predators such as sharks as the latter were observed in 

the study area on several occasions. The extent of shark predation on 

Hector's dolphins is unknown but evidence from bite marks on dolphins 

and stomach contents of sharks do suggest some predation (Slooten and 

Dawson, 1988, and pers. obs.). 
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Chapter 4 

Responses by Hector's dolphins to boats and swimmers in Porpoise 
Bay, New Zealand 

INTRODUCTION 

Cetaceans are extraordinarily popular with the general public and are sought 
out by humans at an ever-increasing rate. The world-wide commercial 
cetacean-watching industry has grown almost exponentially in the last 40 
years (Hoyt, 1995b ). In New Zealand, international visitor arrivals are 
increasing at a rate three times the world's average (Sage, 1995). A 
surprisingly high proportion of visitors to New Zealand go dolphin
watching (14%) or whale-watching (8%) (Anon., 1996; data from 1995). 

The industry holds considerable economic and educational potential, but 
impacts of an unsustainable tourism could have detrimental consequences 
on target animals. Short term behavioural reactions to tourist operations 
include changes in travelling directions, travelling speeds, group 
con1position, surface intervals, submergence times and displacements from 
the area (Baker and Herman, 1989; Kruse, 1991; Gordon et al., 1992; Blane 
and Jaakson, 1994). Consequences of short-term impacts are difficult to 
extrapolate to long-term effects. Therefore, insight into the biology and 
ecology of target species is necessary to determine levels of acceptable impact 
and for successful management of the industry. 

Despite worldwide growth of the cetacean-tourism industry, little effort has 
been put into quantifying its impacts. While some studies examine the 
biology and ecology of marine mammals, or investigate the effect of the 
tourism operations, few studies have attempted to integrate both. In New 
Zealand and elsewhere most studies have focussed on whale reactions to 
tourist vessels (e.g. Baker and Herman, 1989; Baker and MacGibbon, 1991; 
Gordon et al., 1992). Only recently has work begun to investigate possible 
impacts of tourist activities on populations of free-ranging dolphins (Kruse, 
1991; Constantine, 1995; Weir et al., 1996; Barr, 1997). 

The New Zealand Marine Mammal Protection Regulations of 1992 (MMPR, 
1992) were established to manage the growth of commercial viewing and 
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swimming with marine mammals in New Zealand. These regulations were 

mainly based on research into impacts of boat activity on sperm whales 

(Baker and MacGibbon, 1991; Gordon et al., 1992). Present guidelines do not 

distinguish between species, gender, age, habitat, habitat utilisation and 

social composition of target animals - all of which may influence 

responsiveness towards impacts. 

The strictly coastal distribution of Hector's dolphins, their low migratory 

range (Dawson and Slooten, 1988), their residence in well-defined areas and 

their generally positive reactions towards boats make them excellent target 

animals for commercial dolphin-watching ventures. At the same time, 

these features make them highly vulnerable to disturbances. Considering 

the vulnerable status of the species, and the fragmentation of its distribution 

in to genetically distinct populations. (Pichler et al., in press t local 

disturbances, which at first might appear minor, could be severely 
detrimental. 

Theodolite tracking has proven a powerful tool to document cetacean 

responses to various stimuli, including acoustic alarm devices (Todd et al., 

1992; Goodson and Mayo, 1995) and boats (Baker and Herman, 1989; 

Polacheck and Thorpe, 1990; Acevedo, 1991; Kruse, 1991; Corkeron, 1995; 

Barr, 1997). Alternative methods, using boats, aircraft or telemetry have the 

potential to inflict physical harm (Irvine et al., 1981), and/ or cause 

behavioural changes and thereby causing loss of credibility of research 

results. In this study, theodolite tracking was used to investigate dolphin 

responses to potential impacts because it offers reliable position fixing 

without disturbance to the study animals. 

This research investigates the impact of human/ dolphin interactions on a 

small population of Hector's dolphins at Porpoise Bay, on the South Island 

of New Zealand. Data are presented on dolphin responses to a small-scale 

purely boat-based tourist venture. Data are also presented on dolphin 

responses to swimmers as casual visitors to the area frequently attempt to 

swim with the dolphins off the beach. Dolphin reactions to swimmers/boats 

are evaluated in light of knowledge on abundance, individual residence and 

group stability of the targeted population together with insight into its 

spatial and temporal habitat utilisation (Chapters 2 & 3). 
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METHODS 

Field methods 

Positions of Hector's dolphins, boats and swimmers in the study area were 

determined using a Sokkisha DT20E electronic theodolite equipped with a 

30x telescope. A theodolite is a surveyor's instrument that simultaneously 

measures horizontal and vertical angles. From knowledge of the 

instrument's position, height above sea level (tidal fluctuations taken into 

account) and position of landmarks used for "zeroing", it is possible to 

convert theodolite readings (or fixes) into rectangular (x,y) co-ordinates (for 

details see Wursig et al., 1991). The precision of theodolite readings is 

proportional to the instrument's elevation above sea level and inversely 

proportional to the distance of the acquired fix. When targets were within 

2500 metres of the observation station measurement accuracy should be 

within 8 meters and when within 500 metres accuracy should be within 2 

metres (Wursig et al., 1991). 

The theodolite was connected to a Hewlett-Packard 95LX palmtop computer. 

Custom-written software allowed automated storage of positions and their 

timing, and allowed keyboard entry of relative dolphin pod dispersion and 

several other parameters. The horizontal reference point was routinely 

checked and reset throughout each field day. 

Relative dolphin pod dispersion was evaluated and noted at five minute 

intervals in the 1996/97 field season only. I grouped pod dispersion into 

four states on the basis of average distances between individual dolphins in 

a pod: 
State 1: dolphins on average 0- 2 dolphin body lengths apart 
State 2: dolphins on average >2- 5 dolphin body lengths apart 
State 3: dolphins on average >5 - 10 dolphin body lengths apart 
State 4: dolphins on average >10 dolphin body lengths apart 

Land-based observations were made over the summers of 1995/96 and 

1996/97; on 30 days between 2 January 1996 to 7 April 1996 and on 31 days 

between 1 December 1996 and 12 March 1997. Observations were made from 

a 27.4 metre vantage point on the southern headland overlooking Porpoise 
Bay (Figure 2.1). 

Observations were made between 6:00 and 18:30. The study area was scanned 

at the beginning of each tracking day with tripod-mounted 10-power 
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binoculars to locate the largest group of dolphins. This group was then 

tracked throughout the entire observation period using focal group 

sampling (Martin and Bateson, 1993). In no case was the tracking of one 

group abandoned in order to track another group. 

In "no impact situations", theodolite fixes were taken in the centre of the 

dolphin pod with a frequency of approximately every 30 to 60 seconds. In 

"potential impact" situations theodolite fixes were taken of the dolphin 

nearest the source of impact (closest point of approach - CPA). Fixes taken at 

intervals of more than 60 seconds apart were discarded from analyses. 

Duration of tracking sessions varied from twenty minutes to eight hours. 

Field observations were restricted to days when the Beaufort Sea State was 2 

or less (0 = sea surface flat calm, 1 = surface broken by ripples, 2 = small 

wavelets on sea surface). These criteria ensured that a· group of dolphins 

could be tracked continuously and fixes could be taken at regular intervals. 

"Potential impact" situations were defined as (1) swimmers less than 200 

metres from the nearest dolphin (to them), or (2) the presence of a boat 

anywhere in the bay. A swim-with-dolphin attempt was defined as 

swimmers entering the water from the beach within 200 m of a dolphin 

pod. An attempt was considered "non-disturbing" when the encounter 

lasted > 5 min (dolphins staying within 200 m). An attempt was classified as 

"potentially disturbing" when a dolphin pod stayed more than 200 m away 

from swimmers within 5 minutes of swimmer entry. An attempt was 

classified as "disturbing" when the dolphin pod immediately left the 

vicinity of the swimmers (a 200 m radius). 

Each position was converted into (x,y) co-ordinates using the computer 
program "TTrak" (Cipriano, 1990). 

Analysis methods 

Behavioural reactions of Hectors dolphins to boats and swimmers m 

Porpoise Bay were evaluated on the basis of dolphin pod orientation toward 

the source of potential impact. Of particular interest were the effect of 

encounter duration and the effect of distance between the potential impact 

and dolphin pod. In addition, pod dispersion was compared in the presence 

and absence of impact. 
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The measurement of dolphin-boat orientation 

Theodolite fixes were, in "potential impact" situations, taken in an alternate 

manner with every other fix taken of a dolphin pod and boat, respectively. 

The orientation of pod movement with respect to boats was determined by 

calculating the heading of each "leg" of pod movement relative to the boat 

position. Two consecutive theodolite fixes of the same target (there were 

two targets, namely the dolphin pod and the boat) defined a "leg" of 

movement of the target. The angle (ex) between a leg of pod movement and 

boat position was determined at the precise time of a corresponding boat fix. 

Interpolation of the position of the dolphin pod at the time of a boat fix was 

needed because one theodolite can determine the position of only one target 

at a time. The interpolation method controlled for differences in time 

intervals between dolphin/boat/ dolphin fix (eg. #1/#2/#3 in Figure 4.1.). 

This allowed for the calculation of pod orientation (ex) at the same time as 

the boat position was taken, regardless of whether the pod was behind, in 

front or beside the boat. 
Boat (#2) 

' , Boat (#4) 

Dolphin pod (#1) Dolphin pod (#3) 

ex= dolphin/boat orientation 

---- = dolphin pod track 

- - - - - - = boat track 

Figure 4.1. -calculation of pod orientation (ex) in relation to boat position. Number in brackets 
() signifies the sequence in which theodolite fixes were obtained. 

Bearings of pod movement with respect to boats (ex) were categorised into 

one of four quadrants (Figure 4.2). In this diagram, the dolphin pod 1s 

assumed to be at the centre of the circle and the potential impact at oo. 
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180° 
Figure 4.2. Classifications of dolphin/boat orientations (dolphin at centre of circle). 

Analysis concentrated on two questions: Does orientation of the dolphin 

pod with respect to a dolphin-watching boat vary with (1) time into the 

dolphin/boat encounter, and (2) distance between the dolphin pod and a 

boat? 

Each encounter produced approximately 30 bearings. Bearings of all 

dolphin/boat encounters were then pooled to minimise the effect of 

dependence within each encounter. A dolphin/boat encounter was 

interpreted as "in progress" from the moment a boat entered the bay until 

the moment it was out of the bay again. Bearings were classified into nine 

tim.e intervals of 10 minutes from 0 to 90 minutes - depending upon when 

during each encounter the bearing was taken. For the analysis of the effect of 

distance between dolphin pod and boat, the bearings were lumped into ten 

distance categories between 0 and 1200 metres. 

Logistic regression (LR) models were fitted to the observed proportions of 

responses (in binomial form) in each time interval and distance class to 

evaluate the effect of duration into encounter, and distance, on pod 

orientation. The LR models predict the probability of a dolphin pod heading 

towards the boat, based on the observed proportion of bearings classified in 

Quadrant 1 in each time interval or distance category. 
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Analysis of pod dispersion 

Analyses of the impact of boats and swimmers on pod dispersion are based 
on comparisons between control and potential impact situations, ie. 
presence and absence of boats and swimmers. 

Data on pod dispersion were collected continuously throughout the second 
field season of theodolite observations. Evaluation of relative pod 
dispersion was noted at five minute intervals when the custom-written 
software prompted for it. Data from individual observation periods had the 
potential to be correlated as they were sequentially collected and 
concentrated on the same group of animals. Likelihood ratio tests for 
differences in pod dispersion in the absence/presence of impact were based 
on a Markov chain model. Potential auto-correlation between successive 
data points are accounted for by the Markov chain model. 

In the field, dispersion states were evaluated as relative distances between 
individual dolphins in a pod and categorised as States 1 through 4. For the 
sake of analysis States 1 and 2 were pooled to reduce the number of 
parameters and defined as a "tight" state (t). States 3 and 4 were pooled (as 
there were few data in State 4) and defined as a "dispersed" state (d). 
Maximum likelihood estimators (MLE) of dolphins staying in a given state 
or changing from one state to another were calculated from the observed 
data. MLEs were calculated for three situations: no impact situations, 
swimmer impact situations and boat impact situations. 

Dolphin pods might remain in "tight" or more "dispersed" states 
immediately after an impact situation and it was therefore considered a 
source of bias. Data collected on pod dispersion up to 30 minutes after 
impact situations were therefore excluded from analysis. 
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Ptd = 1 - Ptt 

Ptt 

Pdt = 1 - Pdd 

Figure 4.3. Schematic diagram of maximum likelihood estimates of dolphins staying in a 
given state or changing from one state to another. Ptt = MLE of dolphins remaining in a tight 
state when already in a tight state, Pdd = MLE of dolphins remaining in a dispersed state 
when already in a dispersed state, Ptd = MLE of dolphins changing from a tight to a 
dispersed state, Pdt = MLE of dolphins changing from a dispersed to a tight state. 

The null hypothesis in the likelihood ratio tests was MLE(potential impact) = 
MLE(no impact)· This was tested as a chi-square statistic (Basawa and Prakasa, 
1980 p. 63). 

RESULTS 

Hector's dolphins were successfully tracked via theodolite on 61 days 
throughout the study period (30 and 31 days in 1995/96 and 1996/97, 
respectively). Dolphins were absent from the study area on five occasions 
when tracking was attempted. Observations resulted in 251 hours of data -
111 hours in 1995/96 and 140 hours in 1996/97 (Figure 4.4). A total of 22)90 
theodolite readings of dolphins, boats and swim_mers were made 
throughout the two field seasons. Positions were acquired at a mean rate of 
88.4 positions/hour (SD=13 sec.). 
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Figure 4.4. Theodolite effort by field season and time period during day (a= 1995/96, b = 
1996/97). 

Potential impact situations 
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A total of 56 swim-with-dolphin attempts were observed resulting in 15 hrs 
30 min and 12 hrs and 41 min of observation with swimmers present 
within 200 m of a pod in 1995/96 and 1996/97, respectively (14% and 9% of 
the observation time, respectively; Figure 4.5). Swimmers were present 
within 200m during 11.2% of total observation time throughout the two 
field seasons. 

• No swimmers present 

D Swimmers present within 200 m 

1995/96 1996/97 

Figure 4.5. Percentage of total observation time with swimmer impact 

Swim-with-dolphin attempts had a "success" rate of 57.1% - meaning that 
the dolphins stayed within 200m of the swimmer(s) for more than five 
minutes (Table 4.1). 



69 

Tabl 41 S e .. uccess rate o f . h d 1 1. sw1m-w1t - otpnm attempts o ffP orp01se B b h ay eac . 

Non-disturbing attempts Potentially disturbing attempts Disturbing attempts 

57.1% (n = 32) 30.4% (n = 17) 12.5% (n = 7) 

+ 
N 

+ Porpoise Bay I 
+ 

1Km 

Figure 4.6. Location of swimmer entries from Porpoise Bay beach and location of boat
dolphin pod encounters(+) in Porpoise Bay. 

A total of 24 boat-dolphin encounters were observed with the theodolite 

throughout the study period (10 and 14 encounters in 1995/96 and 1996/97, 

respectively). All but one observed dolphin-boat encounter were inside the 

bay (Figure 4.6). Encounters had a mean duration of 1 hr and 18 mins. This 
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resulted in 13 hrs and 4 mm and 18 hrs and 12 min of boat-dolphin 
encounter data in the two fields seasons, respectively (Figure 4.7). Boats 
were present a total of 12.4% of observation time throughout the two field 
seasons. The maximum number of boats present in the bay at any one time 
during observations was one. 

• No boat present in bay 

D Boat present in bay 

88% 87% 

1995/96 1996/97 

Figure 4.7 Percentage of total observation time with potential boat impact. 

Dolphin-boat orientation 

Pod movements (or orientations) in relation to a boat during an encounter 
were classified as toward, away and equivocal. An example of successive pod 
orientations for one encounter is depicted in Figure 4.8. The graph records 
the nature of each orientation as a function of time of day (equivalent to 
time into the encounter) and distance between boat and dolphin pod (note 
the logarithmic scale on the vertical axis). 
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Figure 4.8. Dolphin pod movement in relation to boat position under an encounter. • = pod 

movement towards boat, A = pod movement away from boat, * equivocal pod movement (for 
description of movement categories see Analysis method section in this chapter). 
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Pod o1·ientation as a function of time into encounter 

The units of analysis for each encounter were the individual bearings of pod 

movement relative to a boat. Successive bearings within each encounter 

were potentially correlated, although the plot in Figure 4.8 shows no clear 

evidence of this. Lumping data from all 24 dolphin-boat encounters 

minimised potential autocorrelation (Table 4.2). 

Table 4.2. Bearings towards boat classified by time. 

Total (n) Frequency towards Time into encounter Proportion towards 

boat (min) boat 

94 32 0-10 0.340 

133 48 (10)-20 0.361 

168 50 (20)-30 0.298 

133 52 (30)-40 0.391 

111 38 (40)-50 0.342 

98 27 (50)-60 0.276 

59 16 (60)-70 0.271 

34 3 (70)-80 0.088 

23 3 (80)-90 0.130 

Logistic regression(LR) models of the form 

7( = ---------------------------------------------- (1) 

where rr is the probability of movement towards the boat were fitted to the 

proportions (Harraway, 1995). The LR models involved a constant (:IS) only 

and a constant with higher powers ofT (time into encounter) up to a cubic 

(p=3). The models were as follows: 

Model 1: Constant only. 

Model 2: Constant plus linear term in T. 

Model 3: Constant plus linear and quadratic terms in T. 

Model 4: Constant plus linear, quadratic and cubic terms in T. 
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These were tested for goodness-of-fit using the deviance statistic for each 

model and the deviance differences, both of which follow a chi-squared 

distribution. The calculations for an analysis of the deviances of these 

nested models are summarised in Table 4.3 below. 

Table 4.3. Analysis of deviance for assessing goodness-of-fit. 

Model Deviance (chi- Degrees Deviance 

square goodness- of freedom difference (chi-

of fit statistic) square) 

Constant only 21.2007** 8 
8.3506** 

Constant,T 12.8501 * 7 
6.0936 * 

Constant, T, T2 6.7565 (ns) 6 
0.9215 (ns) 

Constant,T,T2,T3 5.8350 (ns) 5 

Degrees 

of freedom 

1 

1 

1 

** = significantly large at the 1% level when compared with chi-square distribution. * = 
significantly large at the 5% level when compared with chi-square distribution. (ns) not 
significant. 

In logistic regression, the deviance statistic indicates how well (or poorly) 

the model fits the data. A significant deviance value indicates a significant 

lack of fit. A significant deviance difference indicates a significant 

improvement of fit. The model involving the constant only does not give a 

satisfactory fit to the observed proportions (deviance= 21.20, significant lack 

of fit p. < 0.01). The addition of T to the model shows a significant 

improvement to the fit (deviance difference 21.20 - 12.85 = 8.35 is significant 

at p. < 0.01). This model, however, does not give satisfactory fit to the 

observed proportions (12.8501 is significant with p. < 0.05). However, adding 

T and T2 into the model significantly improves the fit (deviance difference 

12.85 - 6.76 = 6.09 significant at the 5% level) and since this model's deviance 

value (6.76) provides no statistical evidence for a lack of fit, we can conclude 

that the fit is reasonable. Including T3 in the model gives no further 

improvement in fit and hence the simpler model should be preferred. 

Therefore, the fitted equation giving the predicted probability of movement 

towards the boat was taken to be: 

A 1 

1C = -----------------------------------------------------
exp(0.8515- 0.0212T + 0.0004T2) + 1 
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This model was also checked for goodness-of-fit with an analysis of the 
residuals between observed proportions and the corresponding predicted 
proportions or probabilities obtained from the model. The residuals showed 
no evidence of lack of fit (p. > 0.10) and hence the model was again 
confirmed as a good predictor of the probability of a dolphin pod heading 
towards the boat as a function of time into the encounter. 

If dolphin movement relative to the boat is random, the expected 
proportion of bearings in each of the four quadrants in Figure 4.2 would be 
0.25. This is the value assumed by the null hypothesis. 

Predicted probabilities of dolphin movement towards boats obtained from 
the fitted equation are significantly higher than expected for certain time 
periods (Figure 4.9). The graph exhibits a graded increase in the probability 
of pod movement toward boat up to approximately 30 minutes into an 
encounter whereafter the probability decreases. Dolphins show significant 
attraction towards the boat between the tenth and fiftieth minute of 
dolphin-boat encounter (the 95% confidence intervals for the predicted 
probabilities at >10-20, >20-30, >30-40 and >40-50 exclude the expected value 
of 0.25). There was no evidence of movement towards the boat between the 
fiftieth and seventieth minute of encounter. After the seventieth minute of 
encounter, there was evidence that dolphins were moving significantly less 
often towards the boat then expected. This does not necessarily imply 
avoidance behaviour, as it could also imply that dolphins were showing 
equivocal behaviour towards boats. 
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Figure 4.9. Probability of dolphin pod heading towards boat as a function of time into 
encounter. Error bars indicate 95% confidence intervals of predicted probabilities. n = number 
of observed pod orientations in relation to boat in a given time interval. 

Pod orientation as a function of distance to boat 
Similar logistic regression (LR) analyses were carried out to test for the effect 
of distance of dolphin pod to boat on pod orientation. LR models were fitted 
to the proportion of times dolphins orientated themselves towards a boat as 
a function of distance between the two. The LR models involved a constant 
(fS) only and a constant with higher powers of D (distance between dolphin 
pod and boat) up to a cubic. The models were as follows: 

Model 1: Constant only. 

Model 2: Constant plus linear term in D. 

Model 3: Constant plus linear ?-nd quadratic terms in D. 
Model 4: Constant plus linear, quadratic and cubic terms in D. 

Models were again tested for goodness-of-fit using the deviance statistic for 
each model and the deviance differences. The model that best fitted the 
observed data was Model 1, ie. a constant only. The resulting equation 
giving predicted probability of movement towards the boat was taken to be: 
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1\ 1 
n= 

1 +exp( +0.7327) 

This model was also checked for goodness-of-fit with an analysis of the 

residuals, which showed no evidence lack of fit (p. > 0.10). Hence the model 

was again confirmed as a good predictor of the probability of a dolphin pod 

heading towards the boat as a function of distance between them. 

Results indicate that predicted probabilities of dolphin movement towards 

boats obtained from the fitted equation are significantly higher than 

expected for all distances (Figure 4.10). Results of this last analysis should be 

interpreted with caution (see discussion section). 
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Figure 4.10. Probability of dolphin pod heading towards boat as a function of distance 
between dolphin pod and boat. Error bars indicate 95% confidence intervals of predicted 
probabilities. n = number of observed pod orientations in relation to boat at a given distance. 

Pod dispersion 

Maximum likelihood estimates (MLE) of the probabilities of dolphins 

staying in a given state or changing from one state to another in successive 
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five minute periods were calculated from the observed data. MLE were 

calculated for three situations: no impact situations, swimmer impact 

situations and boat impact situations. MLE indicate that the presence of 

boats or swimmers increases the probability of dolphins remaining in a tight 

state (Pu) and decreases the probability that dolphins remain in a dispersed 

state (Pdd) (Table 4.4.). Furthermore, impact situations increased the 

probability of dolphins changing from a dispersed state to a tight state (P dt) 

and decreased the probability of dolphins changing from a tight state to a 

dispersed state (Ptd). 

Table 4.4. Maximum likelihood estimates of probabilities of dolphin pods staying in a given 
state l f t t t th or c1.angm rom one s a e o ano er. 

MLE No impact Swimmer impact Boat impact 

Pu 0.8758 0.9367 0.9573 

pdd 0.6925 0.5625 0.5714 

Ptd 0.1242 0.0633 0.0427 

Pdt 0.3075 0.4375 0.4286 

Likelihood ratio tests for differences in the MLE in the absence/presence of 

impact were based on a Markov chain model. Results showed that the 

dolphins formed significantly tighter pods when the boat was present in the 

bay (p. = 0.0092, 2df). The presence of swimmers increased the probability of 

dolphins remaining in a tight state (Ptt) and decreased the probability that 

dolphins remain in a dispersed state (P dd) (Table 4.1.) but not at a statistically 

significant level (p. = 0.1251, 2df). Likelihood ratio tests for differences in 

MLE of probabilities in swimmer impact situation and boat impact 

situations showed no significant differences (p. > 0.1, 2df). 

DISCUSSION 

The commercial industry of viewing and swimming with marine 

mammals in New Zealand is currently managed and regulated under the 

Marine Mammal Protection Regulations (MMPR, 1992). Guidelines under 

these regulations do not distinguish between species, gender, age, habitat, 

habitat utilisation, activity and social composition of target animals. Yet 

these factors are known to influence responsiveness of cetaceans to impacts 

(Au and Perryman, 1982; Watkins, 1986; Blane and Jaakson, 1994; Norris et 
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al., 1994; Richardson et al., 1995; Richardson and Wiirsig, 1997; Constantine 
and Baker, in press). 

Commercial operators are required to hold a permit issued by the 
Department of Conservation (DOC) issued under the MMPR 1992. It is vital 
this governing agency has information on the status of each targeted 
population and insight into whether current regulations are suitable for 
each individual operation. 

There are currently 77 valid commercial marine mammal watching permits 
in New Zealand - all issued by the Department of Conservation (DOC) 
under the MMPA (Constantine, 1997). Further applications are being 
processed, largely in the absence of knowledge of the populations to be 
targeted. Despite the obvious need for it, no NZ cetacean population has 
received detailed study before being targeted by commercial whale or 
dolphin-watching operations. Hence "before and after" comparisons are 
impossible. It is still possible, however, to study populations which are the 
focus of light viewing pressure, or which have only "fledgling" tourist 
operations focussing on them. Such an opportunity occurs at Porpoise Bay. 

Presence of boats 

Hector's dolphins in Porpoise Bay were subject to the presence of boats 
during 12.4% of the total observation time (n=251 hours) over summer 
months. These months are likely to be the time of highest impact as 
commercial dolphin viewing trips are only offered in summer. Dolphin 
sightings are unpredictable over the winter months (Chapter 2) thus 
making a commercial operation unviable (Macintosh, pers. com). Casual 
visitors who attempt to swim with the dolphins also mainly visit the area 
in the summer season (Lisa Smith, Promotion Officer for Tourism 
Southland, pers. com). 

Levels of boating impact at Porpoise Bay (measured as % of observation 
time with boat present in the bay) are low compared to those found in other 
studies. Barr (1997) documented the presence of at least one boat (in some 
cases> 5 boats) approaching within 300m of focal pods of dusky dolphins at 
Kaikoura during 71.91% of total observation time (n=443 hours). Kruse 
(1991) reported that killer whales in Johnstone Strait, Vancouver Island 
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were subject to vessels within 400 m on 54.2% of total observation time 

(n=39 hours). 

Percentage of observation time with boats present can give a useful 

indication of potential for disturbance but comparisons with other studies 

on these grounds should be made with caution. Potential impact situations 

in the above studies were defined as when boats were within 300-400 m of 

target animals. However, cetaceans detect and react to acoustic stimuli at 

great distances (e.g. Au and Perryman, 1982; Richardson et al., 1985; Baker 

and Herman, 1989). For this reason, potential impact in this study was 

defined as a boat present anywhere in the bay (ie. boat-dolphin distance 

varied between< 10m- 3500 m under potential impact situations). 

Furthermore, proportion of time with boats present does not necessarily 

reflect the level of impact on individual dolphins. Commercial operators 

who target large populations are likely to "spread" their impact over many 

individuals. The targeted dusky dolphin population at Kaikoura consists of 

hundreds to over a thousand animals - depending on time of year 

(Stonehouse, 1965; Cipriano, 1992). The population of Hector's dolphins in 

Porpoise Bay consi'>ts of 50-65 animals (<;=hapter 2). Photographic surveys 

documented a partly resident population over the summer months and a 

75% resighting rate of dolphins identified in the first season in the 

subsequent season. Individual dolphins are thus targets of essentially all 

commercial boat trips and swimming attempts in Porpoise Bay. 

Presence of swimmers 

Hector's dolphins in Porpoise Bay were subject to swimmers within 200 m 

during 12.4% of the total observation time (n=251 hrs). Swim-with-dolphin 

encounters were attempted on 56 occasions off the beach with a success rate 

of 57.1% (dolphins staying with 200m of swimmers for> 5 min). 

The potential for impact from swim-with-dolphin attempts IS quite 

different from that from boats. Because of their mobility, boats can "chase" a 

dolphin pod which is unwilling to engage in contact. Swimmers, on the 

other hand, are essentially immobile compared to dolphins. Dolphins can, 

of their own free will, interact with swimmers and terminate an encounter 

when they wish. This is the case in the Bahamas where spotted dolphins are 

targeted on open-water sand banks by commercial tour operators (Wursig, 
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1996). Swimmers are encouraged to enter the water only when dolphins 

approach an anchored boat. Dolphins can cease and retreat from an 
encounter at any time. Many swim-with-dolphin operations are conducted 

from boats which remain mobile. In Southern Port Phillip Bay, Australia 

and in NZ operations at the Bay of Islands, Kaikoura, and Whakatane boats 

are used to find and stay with dolphins while clients are repeatedly placed in 

the water. Research into these operations has shown that invasive 

approaches caused avoidance reactions from the dolphins (Weir et al., 1996; 

Constantine and Baker, In press). 

Impact of frequency of encounters 

Swim-with-dolphin encounters and boat encounters with dolphins become 

potentially hazardous when the frequency of attempts is high and when 

encounters repeatedly take place in important habitats of target animals. 

Spinner dolphins in Hawaii come into shallow confined bays during day 

time after feeding sessions in deeper waters at night (Norris et al., 1994). 

These bays serve as important resting and socialising areas. Commercial 

swim-with-dolphin operations target these dolphins due to their 

accessibility. Resting and socialising is often disrupted when dolphins avoid 

human interactions raising concern as critical energy budgets are altered 

(Wiirsig, 1996). 

Researchers have reported displacements of whales from preferred areas 

apparently as a consequence of human activity. Nishiwaki and Sasao (1977) 

reported that the disturbance from ships and boats led to an altered 

migration route of Baird's beaked whales in the Tokyo Bay area. Reeves 

(1977) documented that gray whales deserted calving lagoons in San Diego 

Bay when boat traffic was intense. A five year monitoring program on the 

abundance of humpback whales in Glacier Bay, Alaska indicated that the 

abrupt departure of such whales in 1978 coincided with an exponential 

increase in vessel traffic in the period of study (MMC, 1980). Briggs (1991) 

documented that interactions between boats and orca altered the whales' use 

of rubbing beaches in the Robson Bight Ecological Reserve, Johnstone Strait. 

Oppositely, some studies have documented cetaceans remaining in areas of 

high vessel traffic - most likely because disturbances do not outweigh the 

benefits of staying in the area (e.g Watkins, 1986; Beach and Weinrich, 1989; 

Janik and Thompson, 1996; Leatherwood and Jefferson, 1997). 
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Hector's dolphins were, in "no-impact" situations, observed throughout 

most of Porpoise Bay but spent a high proportion of their time in an area 

confined by a small reef system and the surf zone of the southern end of the 

bay (Chapter 2). Considering their extensive use of this area, it would appear 

to be prime habitat for the dolphins over the summer months. This is also 

the preferred area for recreational swimming and hence also the area where 

the 1najority of swimmer-dolphin encounters took place. 

Studies by Watkins (1986) on the behaviour of minke whales, humpback 

whales and finback whales within 35 km of Cape Cod, were conducted over 

a period of 25 years. These long term studies detected gradual changes in the 

behaviour of whales towards whale-watching boats. Results of such studies 

highlight the need to proceed with caution when evaluating disturbance 

from short term studies. There is currently no evidence that the present 

level of disturbance is impacting heavily on Hector's dolphins in Porpoise 

Bay. The disturbance may be cause for concern, however, considering the 

apparent importance of Porpoise Bay to the dolphins. 

Dolphin pod orientation as a function of time into encounter 

Analyses indicate that dolphins tend to approach the dolphin watching 

vessel in the initial stages of the encounter (10-50 mins after a boat entered 

the bay). Dolphins were attracted towards the boat during the first 10 

minutes, but not quite at the 5% significance level. An encounter started at 

the instant a boat entered the bay - the distance between dolphin pod and 

boat at this time was typically 2-3 km. At this distance the boat is far beyond 

the typical underwater visibility in Porpoise Bay (1-6m, Brager, unpub. data), 

indicating that in these first minutes, dolphins are attracted to the noise 

from the approaching boat. 

Boat noise has caused cetaceans to react in various ways an~ at various 

distances. Beluga and narwhals fled when boats approached within a 35 km 
radius (Myrberg, 1990). Similar responses were observed in bowhead whales 

to approaching boats at distances of 4 km (Richardson et al., 1985). Au and 

Perryman (1982) observed schools of spotted and spinner dolphins in 

eastern tropical Pacific. Dolphins swam away from the projected track line of 

approaching ships at distances of up to 6 miles. The latter populations were 

then targets of a tuna fishery where dolphin pods were deliberately enclosed 

in purse seine nets to capture associated yellow tuna (Thunnus albacares) 
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swimming below (Perrin, 1969). Stuntz and Perrin (1979) hypothesised that 
evasive movements at great distances by these populations were to reduce 
the risk of capture. 

The literature is also filled with examples of various cetacean species 
actively approaching boats to ride the bow or stern wave (e.g. Shane et al., 
1986; Lockyer, 1990). As this study shows, Hector's dolphins in Porpoise Bay 
are initially attracted to boats - perhaps in the anticipation from previous 
experiences for the opportunity ride the bow or stern wave. Slooten and 
Dawson (1988) also observed that Hector's dolphins are strongly attracted to 
boats. Such positive initial approaches are unlikely to continue when boat 
traffic is intense. 

There was evidence that dolphins approached the boat less frequently than 
expected as the duration of encounter increased beyond about 70 minutes. 
This does not necessarily mean avoidance, as it could also imply that 
dolphins were showing equivocal behaviour towards boats. Nevertheless, it 
does indicate how long Hector's dolphins in Porpoise Bay are interested in 
interaction with boats. 

If dolphins lose interest or actively avoid the boat after an initial period of 
interest further contact could resume if the boat driver is persistent. 
Although single encounters with a boat could hardly cause major 
complications for Hector's dolphins, cumulative effects of encounters of 
excessive duration could have detrimental consequences. Dolphins that are 
forced to spend a great deal of time and energy avoiding boats may end up 
with reduced biological fitness as a consequence of the disruption of critical 
energy budgets. Long term effects of encounters of longer than 70 minutes 
may, for example, reduce breeding success, feeding activity and resting 
opportunities. Ultimately, it could cause the displa~ement of individuals 
from Porpoise Bay. 

Dolphin pod orientation as a function of distance between pod and boat 
The effect of distance between dolphin pod and boat on pod orientation 
should be interpreted with caution. Results indicate that dolphin 
movement towards the commercial dolphin-watching boat is significantly 
higher than expected for all distances and that distance has no clear effect on 
pod orientation. 
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The problem in this analysis is that measured distances can be ambiguous. 

That is, you can get the same distance measure from a boat leaving a group 

of dolphins as one arriving. For example, imagine an encounter in which a 

boat is approaching a pod, and at the time the distance between them is 1000 

m the pod is heading towards the boat. Later, when the boat is departing the 

pod the distance between the two is again 1000 m but this time the pod is 

heading away from the boat. These two situations are opposites of one 

another, but are scored the same in the analysis, which appears to obscure 

important phenomena. Therefore, the analysis of time into an encounter is 

a better indicator of boat impact on pod orientation. 

Pod dispersion 

Results showed that the dolphins formed significantly tighter pods when 

the boat was present in the bay. The presence of swimmers also increased 

the probability of dolphins remaining in a tight state though not quite at a 

statistically significant level. Furthermore, situations of potential impact 

increased the probability of dolphins changing from a dispersed state to a 

tight state. Similar reactions were observed by Au and Perryman (1982), 

Irvine et al. (1981) and Blane and Jaakson (1994) in various cetacean species 

to approaching boats. 

This tightening response is often observed among dolphins in situations of 

surprise, threat or danger (Johnson and Norris, 1986). It is presumed that the 

physical proximity of other dolphins provides greater protection for the 

individual dolphin. Hence, it is likely that Hector's dolphins in Porpoise 

Bay engage in interactions with boats and swimmers with caution and 

wariness. 

Concluding remarks 

The majority of impacts on biotic environments caused by ecotourism 

ventures such as dolphin-viewing-operations appear to be cumulative 

rather than catastrophic. Duffus and Deardon (1990) use the concept of limit 

of acceptable change (LAC) to portray changes that occur as a tourism 

operation grows. They explain that the first LAC allows a " .... maximum 

numbers of viewers ........... and negligible impact on the species or habitat". 

Depending upon the conservation guidelines and management aims of the 

operation this point may represent the absolute limit of acceptable change 
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and hence further disturbance should not be allowed. If operators or the 
regulating agency relax these standards a second LAC might be reached. This 

LAC could allow alterations of the behaviour of individuals within the 

population so that " .... the more wary individuals in the population no 

longer tolerate human presence above the present numbers". The third 

LAC proposed by Duffus and Deardon would allow long term damage to the 

resource. 

There is currently no evidence that the present level of disturbance is 

impacting heavily on Hector's dolphins in the Porpoise Bay. Considering 

the apparent importance of Porpoise Bay to the dolphins, the potential for 

increased disturbance, through an increase in tourism to the area, is cause 

for concern. Furthermore, the vulnerable status of the species, and the 

fragmentation of its distribution into genetically distinct populations 

suggests that local disturbances, which at first might appear minor, could be 

severely detrimental. 

Therefore, management aims of current operations in Porpoise Bay should 

acknowledge the present level of impact as being the cause of the limit of 

acceptable change. Current disturbance levels should hence not be exceeded. 
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EXECUTIVE SUMMARY 

• Boat-based photographic surveys were conducted throughout two 
summers in Porpoise Bay to estimate the population of Hector's 
dolphins in the area. Estimates indicate a total population size of 50-65 
Hector's dolphins. 

• Resighting of identifiable dolphins indicate a small resident population 
of Hector's dolphins that is visited occasionally by members of 
neighbouring populations or by individuals with larger home ranges. 
Individual dolphins exhibited high site fidelity to Porpoise Bay. 

• Resighting of identifiable dolphins in Porpoise Bay between the two field 
seasons was in agreement with studies by Slooten and Dawson (1994). 
Both studies have shown that Hector's dolphins reside in well-defined 
regions with no evidence of long distance along-shore migration. 

• Average group size of Hector's dolphins in Porpoise Bay was 11 and 11.6 
in the two field seasons, respectively. There was no evidence of group 
segregation by gender or age-class (e.g. groups containing exclusively 
juveniles, or mothers and calves). 

• 

• 

• 

Spatial and temporal habitat utilisation of Hector's dolphins in Porpoise 
Bay was evaluated with theodolite tracking. Dolphins showed preference 
for a small area inside Porpoise Bay where they spent a high proportion 
of their time. This area is confined by a small reef system and the surf 
zone of the southern end of the bay. 

Hector's dolphins did not exhibit obvious monthly movements into and 
out of the bay d~.ring the course of study. Nor did they exhibit distinct 
daily arrival/ departure patterns. 

Dolphins concentrated in a smaller area in the afternoon and sightings 
were more dispersed in mornings. 

• Dolphins associated with little preference towards each other over the 
course of each season and throughout the two seasons. In one field 
season, the population was associating non-randomly. In another 
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season, there was no evidence of non-random association. No 
individual pairs were significantly associated in both seasons 
(mother I calf pairs were excluded in the analysis). 

• Hector's dolphins were successfully tracked via theodolite on 61 days 
throughout the study period to quantify disturbance levels of boats and 
swi1nmers. 

• Swimmers were present within 200m during 11.2% of total observation 
time throughout the two field seasons. Swim-with-dolphin attempts 
(n=56) had a "success" rate of 57.1% - meaning that the dolphins stayed 
within 200m of the swimmer(s) for more than five minutes. 

• Boats were present in the bay a total of 12.4% of observation time 
throughout the two field seasons. 

• Dolphins show significant attraction towards the dolphin-watching boat 
between the tenth and fiftieth minute of dolphin-boat encounter. 

• Dolphins lost interest or actively avoided the boat after an initial period 
of interest. There was evidence that dolphins approached the boat less 
frequently than expected as the duration encounter increased beyond 
about 70 minutes. 

• Dolphins formed significantly tighter pods when the boat was present in 
the bay. The presence of swimmers also increased the probability of 
dolphins remaining in a tight state. Furthermore, situations of potential 
impact increased the probability of dolphins changing from a dispersed 
state to a tight state. 
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MANAGEMENT RECOMMENDATIONS 

Considering the apparent importance of Porpoise Bay to the dolphins, the 

potential for increased disturbance via an increase in tourism to the area, is 

cause for concern. Furthermore, the vulnerable status of the species, and the 

fragmentation of its distribution into genetically distinct populations 

suggests that local disturbances, which at first might appear minor, could be 

severely detrimental. Therefore, management aims of current operations in 

Porpoise Bay should acknowledge the present level of impact as being a 

limit of acceptable change. In my view, current disturbance levels should 

hence not be exceeded. Therefore: 

• the current dolphin watching operation in Porpoise Bay should be 

allowed to continue under the condition of not exceeding current 

disturbance levels. 

• further dolphin watching permits in Porpoise Bay should not be issued if 

such would cause an increase in the daily disturbance level, e.g. more 

hours of boating activities per day. 

There was evidence that dolphins approached the boat less frequently than 

expected as the duration of the encounter increased beyond about 70 

minutes. This does not necessarily mean avoidance, but it does indicate 

how long Hector's dolphins in Porpoise Bay are interested in interaction 

with boats. If dolphins loose interest or actively avoid the boat after an 

initial period of interest further contact could resume if the boat driver is 

persistent. Dolphins that are forced to spend a great deal of time and energy 

avoiding boats may suffer reduced biological fitness as a consequence of the 

disruption of critical energy budgets. Long term effects of encounters of 

longer than 70 minutes may, for example, reduce breeding success, feeding 

activity and resting opportunities. Ultimately, it could cause the 

displacement of individuals from Porpoise Bay. Therefore: 

• the current dolphin watching operation in Porpoise Bay should be 

allowed to continue under the condition that each encounter does not 

exceed seventy minutes of duration. 2 

2A dolphin/boat encounter was interpreted as "in progress" from the moment a boat entered 
the bay until the moment it was out of the bay again. 
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APPENDIX A 

Location of Hector's dolphin groups. Data were collected through a four month period in 
1995/96 and categorised by month. 
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APPENDIXB 

Location of Hector's dolphin groups. Data were collected through a four month period in 
1995/96 and categorised by time of day. 
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