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Abstract 

Hector’s dolphins (Cephalorhynchus hectori) are an endangered species endemic to New 

Zealand. Populations in some areas have been continuously studied for years, but this project 

is the first to extensively survey Otago’s Hector’s dolphins from Oamaru to Taieri Mouth, fully 

covering Statistical Fishing Area 24. 

Between September 2010 and November 2011, alongshore transects were followed in small 

boats at a speed between 10-15 knots, approximately 400m from shore. A total of 43 field 

days were spent travelling 1082 nautical miles while at least two people were actively looking 

for Hector’s dolphins. When dolphins were seen, they were photographed using “random 

photography” to maximize the chances of capturing all individuals in a group and establish the 

mark rate of the population. Only high quality photos were used in analysis, and included 

photos of 20 recognisable individuals encountered while conducting fieldwork. 

Distribution information was collected on all cetaceans encountered, including Hector’s 

dolphins and dusky dolphins (Lagenorhynchus obscurus). Sightings were plotted using ArcGIS 

version 10 software, showing preferred areas of use for each species. Hector’s dolphins were 

only found in two areas: (1) between Taiaroa Head and Cornish Head and (2) in the vicinity of 

Moeraki Bay. Photo-ID of recognisable Hector’s dolphins suggests no movement of individuals 

between the two areas. Dusky dolphins were found to be more dispersed along the coastline 

and in deeper water. Seasonally, Hector’s dolphins were more common inshore in the spring, 

summer and fall, while dusky dolphins were inshore in the spring and winter. 

A Huggins closed capture model was run in the mark-recapture program MARK version 6.1 to 

estimate abundance of marked Hector’s dolphins between Taiaroa Head and Cornish Head. 

Scaling this estimate by the mark rate of 36% (CV=12%; CI=28-45%) for Category 1, 2, and 3 

individuals, total abundance in this area was found to be 44 individuals (CV=44%, CI=19-100). 

A population estimate for Moeraki Bay was not possible due to the low number of marked 

individuals. 

Data from this project will be used by the Department of Conservation to assist in developing 

appropriate conservation measures for Otago’s Hector’s dolphins. In particular, information 

can now be incorporated into the Hector’s dolphin threat management plan. Furthermore, 

these data will be useful in developing management for the Project Next Generation proposal 

by Port Otago, which would increase dredging of the Otago Harbour.  
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1 Introduction 
Cetaceans (whales, dolphins and porpoises) are at risk due to a range of anthropogenic 

impacts (André 2009; Fortuna et al. 2010). For example, marine mammals in the Arctic have 

been found to have chemical contaminants in their bodies, with animals that feed higher on 

the food chain having higher levels of contaminants in their tissues (Letcher et al. 2010). In 

addition, cetacean watching operations are becoming more popular worldwide (O'Connor et 

al. 2009), highlighting the need to ensure proper protection of these species – especially in 

areas where the industry remains unregulated (e.g., New Caledonia; Schaffar et al. 2010). 

Other anthropogenic impacts on cetaceans are a result of bycatch (e.g., Read et al. 2006; 

Davies et al. 2009), noise pollution (e.g., Simmonds & Lopezjurado 1991), overfishing (e.g., 

Lavigne 2003), and climate change (e.g., Williams et al. 2011). Risks such as these threaten 

cetacean species worldwide. 

1.1 Risks to delphinids in the Cephalorhynchus genus 
Near-shore cetaceans such as coastal dolphins are at a higher risk from anthropogenic impacts 

(e.g.,  Brownell et al. 1989) since they live in areas more disrupted by human activities than 

offshore cetaceans. There are four species of dolphins within the genus Cephalorhynchus: 

Heaviside’s dolphin (C. heavisidii), Chilean dolphin (C. eutropia), Commerson’s dolphin (C. 

commersonii) and Hector’s dolphin (C. hectori), which are all found in southern hemisphere 

coastal waters (Pichler et al. 2001). They are all relatively small (between 145-174cm in length, 

with Hector’s dolphins being the smallest), do not have large-scale migration patterns, and are 

thought to produce similar sounds and display similar behaviour (Dawson 2008). 

There are three major threats to Cephalorhynchus dolphins: injury or death as fisheries 

bycatch, capture for use as bait, and habitat loss (Dawson 2008). Among these threats, 

bycatch is the main risk for all four species (Slooten & Lad 1991; DoC & MFish 2007; Dawson 

2008), but robust estimates for current bycatch are unavailable for any of the 

Cephalorhynchus dolphins (Dawson 2008; Slooten & Davies 2011). Hunting and habitat loss 

have also reduced the population sizes of Cephalorhynchus dolphins. These four species have 

been historically hunted for food and/or bait, and although this practice has apparently 

ceased, there is currently no monitoring in South American areas where hunting occurred 

extensively in the past (Dawson 2008). Habitat loss has occurred in some areas due to the 

development of aquaculture (Dawson 2008). For example, salmon and mussel farming has 

displaced Chilean dolphins from key areas in the inlets of Chiloé Island, reducing their habitat 

(Ribeiro et al. 2007). 
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Monitoring the abundance of Cephalorhynchus species helps to mitigate human impacts by 

providing evidence for the need to protect at-risk species (i.e., Slooten 2007). Total abundance 

of Hector’s dolphin is by far the best known of the Cephalorhynchus species, and is the only 

one for which there is a robust total abundance estimate. All other Cephalorhynchus species 

lack quantitative data on abundance and distribution, so it is difficult to predict their future 

survival. Heaviside’s dolphins appear to be least in danger, with no indication of genetic 

differences among populations and at least 6345 individuals (CV=27%; Elwen et al. 2010). 

Commerson’s dolphins seem to be maintaining their population sizes despite high human 

impacts (Dawson 2008). Hector’s dolphin numbers have decreased in recent decades, but this 

species has had the most success with conservation measures (i.e., the Banks Peninsula 

Marine Mammal Sanctuary) which should improve its prognosis (Slooten & Dawson 2010). 

Chilean dolphins deserve the most concern, as their abundance appears to have decreased, 

bycatch occurs at unknown rates, they are displaced by a rapidly expanding aquaculture 

industry, and there is essentially no management to mitigate these impacts (Aguayo 2011). 

Since most Cephalorhynchus dolphins have small populations and limited distribution in 

inshore areas (Dawson 2008), they are at high risk of effects from human activity (Dawson 

2008). 

1.2 Hector’s dolphin 

1.2.1 Abundance and distribution 

 

Figure 1.1 Hector's dolphin. Photo credit: Will Rayment 

Hector’s dolphins (Figure 1.1) are endemic to New Zealand and listed as Endangered (IUCN 

2010). Populations have decreased to approximately 27% of the 1970 estimate (Slooten 2007; 

Slooten & Dawson 2010), largely due to bycatch from fisheries (DoC & MFish 2007) – 
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particularly gill nets (Dawson 1991). Even with new protection measures introduced by the 

Minister of Fisheries in 2008, the nationwide Hector’s dolphin population is predicted to 

decline (Slooten & Dawson 2010). It is necessary to establish current Hector’s dolphin 

population sizes to effectively monitor the species and provide appropriate management for 

their protection (Hamner et al. 2012). 

 

Figure 1.2 Four genetically distinct Hector’s dolphin populations around New Zealand: North Island west coast 
(NIWC), South Island east coast (SIEC), South Island west coast (SIWC), South Island south coast (SISC). 

At least four genetically distinct populations of Hector’s dolphins have been recognized: North 

Island west coast, South Island east coast, South Island west coast and South Island south 

coast (Figure 1.2; Pichler 2002). An estimated 111 (CV=44%) Hector’s dolphins are located off 

the North Island west coast (Slooten et al. 2006) and are classified as a separate subspecies 

(Cephalorhychus hectori maui; Baker et al. 2002). Approximately 7270 (CV=16%) Hector’s 

dolphins are found in the inshore waters off the South Island (Figure 1.3; Slooten et al. 2004). 

Hector’s dolphins show very high site fidelity (Bräger et al. 2002; Rayment et al. 2009), and 

their distribution even within genetically distinct populations is highly fragmented (Dawson et 

al. 2004). Therefore, fine-scale estimates of local distribution abundance are valuable for 

management purposes. 

 



4 
 

 

Figure 1.3 Hector's dolphin abundance estimates with 95% confidence intervals. Offshore extent of distribution 
zones is not to scale. 

There are 52 Inshore Statistical Fishing Areas in New Zealand (NABIS 2012), 16 of which are 

home to Hector’s dolphins (Slooten 2007). These areas have been renumbered 1-16 for 

simplicity in distinguishing Hector’s dolphin populations that overlap with fishing areas (Figure 

1.4; Slooten & Dawson 2010). The large, continuous dolphin population around Banks 

Peninsula is split over two of the Inshore Statistical Fishing Areas (20 and 22). Therefore, these 

areas were combined into one dolphin area (12). The population estimate for Hector’s 

dolphins in area 12 is 1197 individuals (CI=703-2137; Dawson et al. 2004). In addition, long-

term data exist for the Banks Peninsula, which can be used to study trends in the population 

dynamics over time (Gormley et al. 2005; Rayment et al. 2010). Statistical fishing areas do not 

relate to dolphin density. Although they do not match dolphin distribution, these are the 

smallest areas for which fisheries statistics are gathered. Therefore, these have been used as 

the smallest population units in population viability analyses for Hector’s dolphins (e.g., Davies 

et al. 2009; Slooten & Dawson 2010). This allows a comparison of the effect of fishing effort 

(and therefore bycatch risk) with Hector’s dolphin population estimates. 



5 
 

 

Figure 1.4 New Zealand Inshore Statistical Fishing Areas containing Hector’s dolphins. 

1.2.2 Seasonal movements and alongshore range 

Geographic distribution data are essential for understanding a population’s behaviour (Ingram 

& Rogan 2002). While there is no evidence of migration, most populations of Hector’s 

dolphins show seasonal changes in their distribution. Data from Banks Peninsula show that in 

summer, Hector’s dolphins were most commonly sighted within four nautical miles (nmi) from 

shore and in waters less than 20m deep. In winter, they were more uniformly distributed up 

to 20nmi from shore at depths up to 100m (Rayment et al. 2010). The South Island west coast 

Hector’s dolphins show much less seasonal change in offshore distribution, with sightings 

occurring in less than 60m of water and within 5.3nmi of shore in both summer and winter 

(Rayment et al. 2011). The large offshore range at Banks Peninsula is likely due to the waters 

being shallower much further offshore than in other studied areas. Hector’s dolphins are 

rarely seen in waters deeper than 100m and the 100m depth contour is further offshore 

around Banks Peninsula than in other areas where Hector’s dolphins are found. 

Hector’s dolphins have an average home range of approximately 27nmi of shoreline (Rayment 

et al. 2009). Studies at Banks Peninsula and Timaru show a less than 1% annual rate of 

movement between these two sites (Fletcher et al. 2002). Therefore, because of its small 
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home range, limited mixing between populations and decreasing population sizes, each group 

is expected to continue becoming more genetically distinct (Simberloff 1988; Slooten 2007). 

1.2.3 Hector’s dolphins in Otago 

Prior to this study there were insufficient data available to produce a reliable fine-scale 

abundance estimate for area 13 (Inshore Statistical Fishing Area 24), which runs from Taieri 

Mouth (46°03.19’S; 170°12.56’E) to Oamaru (45°05.12’S; 170°59.49’E; Figure 1.5). In a 

previous population survey, 310 individuals (CI=201-478; CV=28%; Dawson et al. 2004) were 

estimated to be within areas 13, 14, and 15 (Inshore Statistical Fishing Areas 24, 25 and 26; 

Slooten & Dawson 2008). Approximately 38 individuals were thought to be in area 13 alone 

(Slooten et al. 2011); however additional fine-scale surveying was needed in order to produce 

a more accurate estimate for each individual area. 

 

Figure 1.5 Detail of Otago study area. 
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The Otago area has not received extensive survey effort. Before this study, the area around 

Moeraki had been intensively surveyed by Bräger (1998), but there had been very few 

summer surveys elsewhere along the Otago coast, and no winter surveys. Some information 

was available from the Ministry of Fisheries (MFish) from observers placed on fishing vessels 

in the area. A few sightings were on record from a survey undertaken in 1984-1985 (Dawson & 

Slooten 1988). The Department of Conservation (DOC) also kept records of sightings, bycatch 

and stranded individuals. With all historical sightings compiled into one map by the author 

(Figure 1.6), a potential gap was apparent in Hector’s dolphin distribution between Taiaroa 

Head/Cornish Head sightings and Moeraki/Oamaru sightings. However, it was unclear 

whether this gap was due to a lack of dolphins or a lack of sighting effort. 

Given that genetic differences already occur over smaller scales in Hector’s dolphin than in 

any other marine mammal (Pichler et al. 1998), assessing the connectedness between regional 

populations is appropriate. In particular, the degree of movement between populations 

determines the potential for dolphin deaths in one area to be replaced by dolphins from a 

nearby population. Survey effort was needed between Cornish Head and Moeraki to assess 

the level of movement and genetic exchange between all Hector’s dolphins along the Otago 

coastline. 

Furthermore, survey effort was needed south of the Otago Peninsula to evaluate the 

distribution of Hector’s dolphins in the southern region of area 13. Very few historical 

sightings were made on the south side of the Otago Peninsula (Figure 1.6). The Otago Hector’s 

dolphin population was suspected to be the southernmost population on the east coast of the 

South Island (Slooten et al. 2011), but this area lacked sufficient survey effort to determine 

whether it connected to the south coast population (Te Waewae Bay to Porpoise Bay). Any 

Hector’s dolphins along the south Otago coast would have an important role in decreasing the 

fragmentation along the southern New Zealand coastline. 
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Figure 1.6 Historical sighting records for Hector's dolphins in Otago, New Zealand.  Sightings have not been 
adjusted for effort. Data is compiled from broad-scale surveys completed in 1988 (Dawson & Slooten 1988), 
local-scale surveys in the Moeraki area in 1994-1996 (Bräger 1998), Ministry of Fisheries data (Mfish 2011), data 
from the Department of Conservation on strandings, bycatch or sightings (DoC 2011), and sightings made by the 
eco-tourism vessel Monarch (2011). 
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1.3 Dusky dolphins 

1.3.1 Abundance and distribution 

Dusky dolphins are slightly larger than Hector’s dolphins with an average length of 175cm 

(Waerebeek & Würsig 2008). Dusky dolphins (Lagenorhynchus obscurus) inhabit Southern 

Hemisphere coastal waters off South America (Argentina, Chile, and Peru), Africa (Namibia 

and South Africa), and New Zealand, as well as some scattered offshore island groups (Van 

Waerebeek 1992; Würsig et al. 2007). New Zealand dusky dolphins are distributed around the 

South Island (including the subantarctic Campbell Islands and Auckland Islands), the southern 

North Island, and the Chatham Islands to the east (Würsig et al. 2007). There is no abundance 

estimate for dusky dolphins – either worldwide or within New Zealand, and the IUCN lists this 

species as data deficient (IUCN 2010). Despite a lack of abundance estimate, dusky dolphins 

appear to be common in the areas in which they are found (e.g., Schiavini et al. 1999).  

Fisheries are the biggest risk to dusky dolphins, since the amount of bycatch is unknown. For 

example, exceptionally large numbers of dusky dolphins are taken off the coasts of Peru (Van 

Waerebeek & Reyes 1990). The total number of dusky dolphins in New Zealand taken in 

gillnets is unknown (Waerebeek & Würsig 2008), but bycatch of dusky dolphins is known to 

occur with about 200 caught off Kaikoura in 1984 (Brownell & Cipriano 1998). New gillnet 

regulations have been put in place to reduce bycatch, but with abundance and bycatch 

unknown it is difficult to properly manage the species. 

1.3.2 Seasonal movements and alongshore range 

Individual dusky dolphins have been known to travel up to 780km (Waerebeek & Würsig 

2008). Some New Zealand individuals have been found to seasonally move between Kaikoura 

and Admiralty Bay in the Marlborough Sounds–a distance of 500km–and sometimes further to 

the west coast (Harlin et al. 2003). These large-scale movements suggest low levels of genetic 

differentiation across broad geographical areas (i.e., New Zealand, south-western Africa, etc.). 

This is indeed the case with New Zealand’s dusky dolphins, which exhibit no genetic 

subdivisions within regions (Harlin et al. 2003). 

Abiotic factors such as sea surface temperature and time of day may affect dusky dolphin 

distribution. Dusky dolphins prefer a sea surface temperature between 10-18°C (Waerebeek & 

Würsig 2008), and tend to move north in winter, potentially seeking warmer waters 

(Markowitz et al. 2004) with their preferred prey (Würsig et al. 2007). Average group size is 

approximately 12 individuals, but groups of three to five individuals are not uncommon. In 

winter, group sizes have been recorded up to about 2000, and are typically further offshore 
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than in summer (Markowitz et al. 2004). In South Africa, there is no apparent variation in 

movements associated with the time of day (Elwen et al. 2009). However, in both Argentinian 

and New Zealand populations, there is a diurnal pattern of movement. Dusky dolphin groups 

at Kaikoura, New Zealand rest inshore during the day and feed offshore at night (Harlin et al. 

2003). At Admiralty Bay, New Zealand this pattern is reversed, presumably because the 

dolphins have adapted to the prey available in the area (Markowitz et al. 2004). 

1.3.3 Dusky dolphins in Otago 

Extensive photo-ID efforts have been carried out around Kaikoura and the Marlborough 

Sounds, showing movement between the two areas (Harlin et al. 2003), but little work has 

been done on the distribution and abundance of dusky dolphins in Otago. It is possible that 

Kaikoura individuals also migrate to and from Otago. A high proportion of females with calves 

have been seen off the Otago coastline, and more post-reproductive males were seen at 

Admiralty Bay (Harlin et al. 2003). This could indicate preferred areas for each sex at particular 

times of the year. The Otago area has a similar continental shelf to Kaikoura, bringing deep, 

nutrient-rich waters close to shore (Harlin et al. 2003; Gall & Zeldis 2011), which could create 

a preferable habitat for raising young. 

1.3.4 Hector’s dolphins and dusky dolphins in Otago 

Since Hector’s dolphins and dusky dolphins are similarly sized, there is potential for resource 

competition if the two species utilise the same resources. Hector’s dolphins on the east coast 

of New Zealand, have been found to have a varied diet, including red cod (Pseudophycis spp.), 

yellow-eyed mullet (Aldrichetta forsteri), arrow squid (Nototodarus spp.), and ahuru 

(Auchenoceros punctatus; Dawson & Slooten 1996). Dusky dolphin diet in New Zealand mostly 

consists of lantern fishes (family Myctophidae) and squid (Nototodarus spp.), with other squid 

and fish species including hoki (Macruronus novaezelandiae), red cod (Physiculus bacchus), 

and hake (Merluccius australis; Dans et al. 2010). New Zealand dusky dolphins were found to 

feed on smaller prey when compared to dusky dolphin stomach contents analysed in 

Argentina or Peru (Dans et al. 2010). Comparing the distribution of dusky dolphins and 

Hector’s dolphins in Otago will provide some insight into possible niche differentiation or 

resource competition between the two similarly sized species. 

1.4 Project urgency and importance 
Currently, there is a proposal by Port Otago to increase the dredging of the Otago Harbour 

channel.  Large-scale dredging from this project could have an effect on local marine life, so 

there was a need to establish baseline distribution and abundance information on Otago’s 

Hector’s dolphins before the project began. Furthermore, little is known about the level of 
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Hector’s dolphin bycatch in Otago, so distribution and abundance data is a necessary 

component for developing proper management for these individuals. Dusky dolphin data was 

also collected to help fill a knowledge gap in the distribution of this species along the Otago 

coastline. 

1.4.1 Substantial increase in dredging of Otago Harbour 

Project Next Generation is a proposal by Port Otago Limited to dredge the Otago Harbour 

channel to a depth of 15m in order to provide access into Port Chalmers for larger container 

ships (Bell et al. 2009). The project requires removal from the harbour of 7.2 million cubic 

metres of dredged material, which would be dumped in 30m of water, 3.4nmi offshore (Figure 

1.7; POL 2010), at a site named A0. This dumping area potentially overlaps with the winter 

range of local Hector’s dolphins. Port Otago Limited (2010, p.3) claims there are “no unique or 

special communities identified within the footprint of the disposal site,” yet data on use of the 

site and the surrounding area by Hector’s dolphins and other marine mammals were minimal 

at the time of this statement. 

 

Figure 1.7 The proposed dumping site (A0) of spoils produced by Project Next Generation. 

Very little is known about the impacts of dredging on the marine environment, which 

increases the risks of undertaking a large-scale dredging operation in an area that has many 

sensitive species. Data gathered from this research will be useful in gauging the potential 

effects of the proposed increased dredging on Hector’s dolphins. Possible risks to cetaceans 

include a reduction in the amount of prey available due to an increase of suspended solids in 

the water column and increased noise due to boat traffic and/or blasting (Jefferson et al. 
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2009). Some cetaceans are thought to be affected by dredging, including Indo-Pacific 

humpback dolphins (Sousa chinensis; Baldwin et al. 2004), harbour porpoises (Phocoena 

phocoena; Diederichs et al. 2010), and Irrawaddy dolphins (Orcaella brevirostris; Smith et al. 

2007). The mouth of the Otago Harbour has numerous Hector’s dolphin sightings from 

Monarch wildlife cruises (Figure 1.6), showing potential for negative interaction between 

dolphins and increased boat activity during dredging. Changes to the marine environment due 

to increased dredging could have long-lasting effects on local species, including Hector’s 

dolphins. 

1.4.2 Impacts of fishing on Otago’s Hector’s dolphins 

The biggest risk to Hector’s dolphins is the set net fishery (Dawson 1991), which is operated by 

both commercial and recreational fishers. Commercial fishing effort in Otago has fallen over 

the past 20 years, but vessels still in operation concentrate effort on the inshore fishery (Boyd 

2008). In addition, most recreational fishing occurs during summer and close to shore (Boyd 

2008), indicating further risk to Hector’s dolphins which generally use inshore areas more 

frequently in summer (Rayment et al. 2010). Hector’s dolphin total bycatch in Otago is 

unknown, but it is known that bycatch occurs (Pers. comm. to Dawson, S. 2011; DOC 2012). 

Understanding the distribution and abundance of Otago’s Hector’s dolphins will help evaluate 

the potential impact of fisheries on local Hector’s dolphin populations. This study will provide 

useful baseline data with which to evaluate future population change. 

1.5 Project goals 
There are three main objectives to this research: 

1. Analyse the distribution of Otago’s Hector’s dolphins to determine areas of preferred 

use and identify possible subpopulations (Chapter 3). 

2. Estimate abundance of Hector’s dolphins along the Otago coastline, to provide a 

baseline against which to measure changes (Chapter 4). 

3. Investigate the use of coastal Otago by cetaceans other than Hector’s dolphins. In 

particular, distribution of dusky dolphins and Hector’s dolphins were compared 

(Chapter 5). 
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2 Methods 

2.1 Survey platforms 
Surveys were undertaken from five vessels: the Tawera, the Beryl Brewin, the SF Mitchell, the 

R/V Cetos, and the R/V Nemo. The Tawera (Figure 2.1), a 6m alloy vessel with a 150hp four 

stroke Yamaha outboard engine, and the Beryl Brewin (Figure 2.2), a 10m alloy vessel with a 

315hp Cummins 6BTA inboard engine, were provided by the University of Otago marine 

science department. The SF Mitchell is a University of Otago zoology department 5.5m RIB 

Kiwikraft with a 90hp two stroke Mercury outboard engine (Figure 2.3). The R/V Cetos (Figure 

2.4), a 6.55m rigid hulled inflatable vessel with a 100hp four stroke Yamaha outboard engine, 

and the R/V Nemo (Figure 2.5), a 5m aluminium vessel powered by a 60hp Yamaha four stroke 

engine, were provided by the New Zealand Whale and Dolphin Trust (NZWDT). 

 

Figure 2.1 The Tawera. 

 

Figure 2.2 The Beryl Brewin. 
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Figure 2.3 The SF Mitchell. Photo credit: Margaret & Robert Turek. 

 

Figure 2.4 The R/V Cetos. 

 

Figure 2.5 The R/V Nemo. Photo credit: Steve Dawson. 
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2.2 Survey design and protocol 
Fieldwork was conducted following the coastal strip survey method traditionally used for 

photo-identification surveys of Hector’s dolphins, which involves following the coastline at an 

approximate distance of 400m, at a speed of between 10-15 knots (e.g., Dawson & Slooten 

1988; Gormley et al. 2005; Rayment et al. 2009). A handheld Garmin GPS 72 was used to 

generate location data and record search effort. A tracking file automatically stored the GPS 

location every minute while in the field (Figure 2.6). On three occasions, the GPS lost 

reception temporarily, resulting in an incomplete track. In these cases, a similar track from a 

different day was substituted in the place of the missing track for purposes of calculating 

effort along the coast. Surveys were conducted in one direction along the coast to avoid 

counting the same individuals twice. 

 

Figure 2.6 An example of a typical day of fieldwork, surveying one section of the coastline within Statistical 
Fishing Area 24. One fix was recorded every minute. 
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One area of coastline between Shag Point and Katiki Point is uncharted with no information 

available on potential hazards in the inshore area. Therefore, for safety reasons, most surveys 

in this area travelled along the border of the unknown area (Figure 2.7). In this stretch of 

coastline, only two exploratory survey tracks followed the coastline. 

 

Figure 2.7 Typical survey tracks between Shag Point and Katiki Point. 

Surveys were only undertaken in conditions of Beaufort 3 or lower (i.e., swell height less than 

1.5m, winds lower than 15 knots) and no rain. Surveys were conducted only between 30 

minutes after sunrise and 30 minutes before sunset to allow sufficient light for photography. If 

conditions deteriorated beyond acceptable limits, the survey was truncated. Operating in fine 

conditions increased the chances of sighting animals that were present. 

At least two people were actively searching for cetaceans at all times (this is termed “on 

effort”). One person looked from the front of the vessel to 90° off starboard and the other 

person looked from the front of the vessel to 90° off port. There was a small overlap (c. 10°) in 

observer’s areas at the front of the vessel. On the Beryl Brewin, the largest vessel used, at 

least three people were always actively looking for animals; one person looked to starboard, 

one looked to port and another looked straight ahead. In this case, the search method was the 

same as on the smaller boats, except with the additional observer looking straight ahead 

searching the area 20° off either side of the bow. Continuously searching for cetaceans helped 

ensure animals were sighted, if they were present. 

When cetaceans were sighted, the group or individual was approached at no-wake speed. All 

cetacean encounters were recorded and photographed when possible, but the top priority 

was to take photographs of Hector’s dolphins. A Nikon D70s single-lens reflex (SLR) digital 
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camera with an AF Nikkor 80-200mm f2.8 zoom lens was used to photograph individuals. 

Shutter speed was typically higher than 1/1000s, usually with a virtual film speed of 400 ISO. 

Detailed information from each encounter was recorded on a data sheet and later typed into 

a spreadsheet in Excel. Latitude, longitude and time at the beginning and end of each sighting 

were recorded. The general locality was also recorded using nearby landmarks. Total group 

size and the number of calves present were determined at the end of an interaction after the 

observers agreed upon a final count for the group size. Each vessel was equipped with a depth 

sounder to determine the depth, in metres, at each encounter location. Sea surface 

temperature was recorded. Beaufort sea state and swell height were estimated and recorded. 

Sighting conditions were estimated as the range over which an observer would expect to be 

able to see a Hector’s dolphin (i.e., 100m = 1 [poor], 200m = 2, 300m = 3, or 400m = 4 

[excellent]). Behaviour was not the focus of this study, but general behaviours of the group 

encountered were recorded using standard behaviour codes for Hector’s dolphins (Slooten 

1994; Table 2.1). Additional notes were made on gender of dolphin, if known, and specific 

behaviour events. A random sea surface temperature was taken most fieldwork days in an 

area with no Hector’s dolphins (Appendix A). When using the R/V Cetos, all the preceding 

information was recorded via a HP Palmtop computer. At each fix taken by the GPS, 

associated temperature and depth conditions were recorded automatically. Beaufort sea state 

was updated throughout the field day and also recorded by the HP Palmtop, when on the R/V 

Cetos only. An interaction was terminated when the group no longer showed interest in the 

boat or when sufficient photographs were taken. 
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Table 2.1 Behaviour codes for Hector’s dolphins (Slooten 1994). 

Code Behaviour 

AP approach other Hector’s 

AS active surface 

BA belly away 

BB blow bubbles 

BC body contact 

BI bite 

BP belly present 

CH chasing 

CO chin out 

DE defecate 

DI displacement 

EO eye out 

HF horizontal flex 

HJ horizontal jump 

HT hitting with tail 

LA swimming line abreast 

LO lobtail 

OM open mouth 

P pounce 

PO penis out 

SF side flop 

SP spyhop 

SS swimming on side 

SU surf 

TBO top of body out 

TO tail out 

TR traveling 

TS tail splash 

UD upside down swimming 

ULO upside down lobtail 

VJ vertical jump 

W playing with weed 

2.3 Survey effort 
The survey region was subdivided into 2nmi blocks of latitude, using ArcGIS version 10 

software (Figure 2.8). The coastline was divided in this manner to best visually depict dolphin 

distribution in the areas in which Hector’s dolphins were observed. In these regions (from 

areas 25 - 37), the coastline is generally at a consistent angle to the parallels of latitude, hence 

each 2nmi vertical block measures a regular interval of the coastline. Areas 20, 21, and 22 

contain substantially more coastline, but also contained no Hector’s dolphin sightings. As 

these areas contained no Hector’s dolphins sightings, it was decided to maintain constant 

2nmi blocks of latitude along the entire coastline, since it did not affect the Hector’s dolphin 

distribution analysis. Equal sighting effort within each coastal section was desired with half of 

the effort in the austral spring/summer and half in the austral autumn/winter. Seasons were 

defined as the following: spring (September–November), summer (December–February), 

autumn (March–May), and winter (June–August). 
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Figure 2.8 Otago coastline divided into 2nmi blocks of latitude. 

2.4 Photo-identification 
Photo-identification (photo-ID) is a standard way to distinguish individual cetaceans by their 

natural markings. For example, individual humpback whales (Megaptera novaeangliae) are 

identified from pigmentation patterns and damage to the tail flukes (Katona & Whitehead 

1981), right whales (Eubalaena sp.) are identified from callosities present on their heads 

(Payne et al. 1990), and killer whales (Orcinus orca) are identified from nicks on the dorsal fin, 

shape of the dorsal fin and the shape of their pigmented saddle patch (Balcomb & Bigg 1986). 

Photo-ID is a non-invasive and relatively inexpensive way to recognise individuals in a 

population. 

Photo-ID has been used to uniquely identify Hector’s dolphins since 1985 (Slooten & Dawson 

1988). For Hector’s dolphins, most individuals are identified by marks or nicks on the dorsal 

fin, with a smaller number of individuals identified by marks elsewhere on the body or 

pigmentation patterns. Studies of identifiable Hector’s dolphins have allowed for estimation 

of abundance (Bejder & Dawson 2001; Gormley et al. 2005), alongshore range (e.g., Rayment 

et al. 2009), female reproductive parameters (Slooten & Dawson 1994) and survival rate 

(Slooten et al. 1992; Cameron et al. 1999). 
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2.4.1 Photo-ID protocol 

In this study, photographs were taken of all individuals in a group regardless of whether or not 

they had marks. This allowed for a measure of mark rate to be established, or the proportion 

of individuals with identifiable marks, and is known as “random photography” (Gormley et al. 

2005). The aim was to take four times as many high quality photographs as there were 

dolphins in the group to ensure a 95% chance of capturing all individuals in that group 

(Ballance 1990; Würsig & Jefferson 1990). High quality photographs were defined as those 

that were in focus, side on, and with enough detail to distinguish small fin nicks. For body 

marks, photographs were included if they provided a clear view of the individual’s mark(s), 

even if it was not side on. Groups were approached a maximum of five times, to minimise 

harassment. 

Once photographed, individual Hector’s dolphins were named following standard methods 

developed over the past 26 years. First, an individual was given the prefix “OT” to specify the 

Otago region. Second, a code was used to specify the most recognisable mark(s) (Table 2.2). 

Third, the location of the identifying mark(s) on the body (Figure 2.9) or fin (Figure 2.10) was 

added by using the corresponding number of the location. Fourth, a unique ID number was 

added to each name. Sometimes a nickname was included to assist in recognizing and 

remembering individuals. For example, OT.FL1.3000.Scratchy is an Otago individual with a 

large fin nick in area one on its dorsal fin. Its unique ID number within the Otago Hector’s 

dolphins is 3000, and its nickname is Scratchy (Figure 2.11). 

Table 2.2 Classification of Hector’s dolphin mark types. 

Code Type of identifying mark 

BBT Body blotch tattoo 

BBW Body blotch white 

BD Body deformity 

BS Body scar 

F Fin shape 

FH Fin hole 

FL Fin nick (large) 

FS Fin nick (small) 

FSL Fin slice 

FSQ Fin nick square 

FSV Fin nick several 

FSVW Fin nick several (W nick) 
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Figure 2.9 Hector’s dolphin body code areas. Photo credit: Trudi Webster. 

 

Figure 2.10 Hector’s dolphin fin code areas. Photo credit: Trudi Webster. 

 

Figure 2.11 Individual OT.FL1.3000.Scratchy. 

All individuals included in the Otago photo-ID catalogue were assigned a mark category as 

defined in Slooten et al. (1992). Category 1 individuals have obvious marks that are unlikely to 

be missed in the field or misidentified. Category 2 individuals have distinct marks which are 



22 
 

not likely to be misidentified from high quality photographs, but might be incorrectly 

identified if the photo quality is poor. Category 3 and 4 individuals have more subtle markings. 

In areas with relatively large Hector’s dolphin populations, only individuals with Category 1 or 

2 marks are used in survival rate and abundance analyses to reduce the chances of 

misidentifying an animal (Slooten et al. 1992). Category 3 individuals are often included in 

analyses for smaller populations (Bejder & Dawson 2001). Category 4 individuals are not used 

since it is much more likely an error will occur in identifying these individuals. 

 

Figure 2.12 Examples of Otago Hector’s dolphin individuals in Category 2 (top – a small tab in area 7) and 
Category 3 (bottom – a small nick in area 2). 
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2.4.2 Photo-ID catalogue 

Prior to this project, some photos of Hector’s dolphins within Otago were already available. 

For example, Bräger (1998) collected photos of 30 recognisable individuals near Moeraki in 

1995-1996. His negatives were scanned to include in the Otago catalogue. It was possible that 

some of the individuals he encountered would be still be alive and seen on surveys 

undertaken in 2010-2011, since Hector’s dolphins live approximately 20 years (Slooten 1991). 

In addition, Monarch wildlife cruises supplied high quality photos from 2007 of 12 individuals 

taken opportunistically from their nature tourism vessel out of the Otago Harbour, which 

focuses efforts around Taiaroa Head. These individuals were also incorporated into the Otago 

Hector’s dolphin photo-ID catalogue. As fieldwork progressed, new recognisable individuals 

were added to the catalogue. 

2.5 Summary 

2.5.1 Fieldwork 

Between September 2010 and November 2011, a total of 43 field days occurred on the five 

different survey platforms (Table 2.3). A total of 1082 nautical miles were travelled while on 

effort (Figure 2.13). 

Table 2.3 Field days per survey platform. 

Survey platform Field days 

Tawera 14 

Beryl Brewin 9 

SF Mitchell 9 

R/V Cetos 10 

R/V Nemo 1 

Total 43 
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Figure 2.13 Days of fieldwork (left) and nautical miles while on effort (right), by month. 

Equal effort was desired in each 2nmi block. However, due to weather conditions, boat 

availability, and the location of boat ramps along the coastline, the region from Taiaroa Head 

to Cornish Head (areas 25-29) received more effort than other areas (Figure 2.14). The 

northern and southern extremes of the survey area received substantially less effort. 

Therefore, effort was standardised in each area by taking the total number of groups seen in 

an area divided by the total nautical miles travelled in each area to give groups/nmi. 

 

Figure 2.14 Total nautical miles per area (left) and nautical miles per area by season (right). 
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2.5.2 Photo-ID 

A total of 20 identifiable dolphins were photographed while conducting fieldwork (Table 2.4). 

No individuals were identified with Category 1 marks. Since the Hector’s dolphin population in 

the study area is small and highly localized, it is likely that markings are unique. For this 

reason, this study included individuals with Category 3 marks for abundance analyses, as was 

done in Porpoise Bay, New Zealand (Bejder & Dawson 2001; Green 2003). 

Table 2.4 Number of unique Hector’s dolphin individuals identified, by Category. 

Mark category Number of individuals 

1 0 

2 5 

3 8 

4 7 

Total 20 
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3 Distribution of Otago’s Hector’s dolphins 

3.1 Introduction 
Approximately 111 (CV=44%) Maui’s dolphins (a subspecies of Hector’s dolphins) are located 

in waters off the west coast of the North Island of New Zealand (Slooten et al. 2006). The 

majority (approximately 7270; CV=16%) of Hector’s dolphins are dispersed around the South 

Island (Slooten et al. 2004). Some sub-populations around the South Island have been 

extensively studied (e.g., at Banks Peninsula), but survey effort in Otago was minimal prior to 

this project.  

Information on the seasonal distribution of Hector’s dolphins within a particular area can help 

identify preferred areas of use, which are likely to be critical for the management and 

protection of a population. Seasonal distribution of Hector’s dolphins has been studied in 

some areas. At Banks Peninsula, distribution varied by season. In summer, sightings were in 

shallower waters closer to shore, and winter distribution was more widely dispersed offshore 

in deeper waters (Rayment et al. 2010). In contrast, distribution off the west coast of the 

South Island has less seasonal change (Rayment et al. 2011). In both cases, however, 

distribution seems largely dependent on water depth, with sightings occurring in waters less 

than 100m deep (Rayment et al. 2010; 2011). Determining the seasonal patterns of movement 

for Otago’s Hector’s dolphins would allow for appropriate management of these individuals. 

Hector’s dolphin populations are often highly fragmented (Dawson et al. 2004) with patchy 

distribution (Pichler 2002). Hector’s dolphins have been found to have a small alongshore 

home range of approximately 27nmi (Rayment et al. 2009). Therefore, knowledge of 

movements of individual dolphins within the Otago area would help determine whether a 

group of dolphins is genetically and/or geographically isolated. 
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Figure 3.1 1994-1996 sightings made on survey effort between Cornish Head and the Oamaru area, New Zealand 
(Bräger 1998). 

Research undertaken in 1994-1996 (Bräger 1998) had extensive survey effort in the Moeraki 

area. Consistent Hector’s dolphin sightings were made in Moeraki Bay and the shoreline north 

of Moeraki towards Oamaru (Figure 3.1). However, it was noted that even with survey effort 

from 1994-1996 in the area immediately south of Moeraki, no Hector’s dolphins were seen 

between Moeraki and Cornish Head: 

“The strong asymmetry in Hector’s dolphin distribution in the Moeraki 
study area appears to be another case of patchy distribution. The southern 
half of this study area (between Moeraki and Karitane) is known for its 
extensive beds of giant kelp (Macrocystis pyrifera;  Fyfe & Israel 1996). In 
over two years of fieldwork not a single Hector’s dolphins [sic] was 
observed in this area, whereas they were quite frequent in the northern 
half (between Oamaru and Moeraki)” (Bräger 1998, p.32). 

This observation is consistent with opportunistic sightings reported along the Otago coastline, 

with no sightings of Hector’s dolphins reported in between Cornish Head and Moeraki (Figure 

3.2). 
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Figure 3.2 Historical sighting records for Hector's dolphins in Otago, New Zealand. Sightings have not been 
adjusted for effort. Data is compiled from broad-scale surveys completed in 1988 (Dawson & Slooten 1988), 
local-scale surveys in the Moeraki area in 1994-1996 (Bräger 1998), Ministry of Fisheries data (Mfish 2011), data 
from the Department of Conservation on strandings, bycatch or sightings (DoC 2011), and sightings made by the 
eco-tourism vessel Monarch (2011).   
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Identifying preferred areas of use for Otago’s Hector’s dolphins along the coastline allows for 

development of proper management in these key areas. In addition, distribution information 

on Otago’s Hector’s dolphins is useful for determining the likelihood of isolation of individuals. 

Comparing information from 1994-1996 surveys to data gathered from this study (2010-2011) 

will assist in understanding the historical distribution of individuals around the Moeraki area. 

Ultimately, all information will allow for better protection of Hector’s dolphins in the area. 

3.2 Methods 
Surveys were carried out as described in Chapter 2. Specific methods to the data acquired on 

distribution of Hector’s dolphins in Otago are described below. Sighting and effort information 

was plotted in ArcGIS v. 10 software. 

3.2.1 Sightings and group size 

Sighting information was recorded to help establish preferred areas of use for Hector’s 

dolphins. Using these data, average group size was estimated for each season. Austral seasons 

were defined as spring (September–November), summer (December–February), autumn 

(March–May), and winter (June–August). The two spring seasons (2010 and 2011) were 

combined in the analysis of group size to increase sample size. Average depth was determined 

for all sightings of Hector’s dolphins, including the one group encountered while off effort. 

3.2.2 Seasonal distribution 

Due to unequal effort along the coastline, sightings were standardised by the total nautical 

miles travelled within each block of coastline. Sighting rate was therefore the number of 

sighted groups per nautical mile of effort (groups/nmi). Sighting rate was determined for all 

data combined, and also each season individually (see Appendices B-E for raw data). A 1 factor 

ANOVA was used to compare sighting rates for each season. 

3.2.3 Alongshore ranges of individuals 

This project does not have sufficient data to determine the home range of individuals in the 

area. However, there were enough data to describe the minimum distance travelled by 

resighted individuals. Sighting locations of individuals with Category 1, 2, or 3 marks seen on 

more than one occasion (on and off effort) were plotted. The shortest line between repeated 

sightings was drawn (without crossing land) to determine the minimum distance an individual 

travelled between sightings. When multiple sightings of an individual were available, the 

largest distance between sightings was taken to be the maximum that individual is known to 

have travelled, representing its minimum home range. 
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3.3 Results 

3.3.1 Sightings and group size 

A total of 35 groups were seen between September 2010 and November 2011 (Table 3.1; see 

Appendix F for raw sighting data). Thirty-four Hector’s dolphin groups were seen while on 

effort, representing a total of 110 dolphins. Some of these individuals were sighted on 

multiple occasions. A single group of 10 individuals was sighted while off effort and traveling 

offshore in the winter (Figure 3.3). The average depth for all Hector’s dolphin sightings 

(including the one group encountered while off effort) was 7.62m (SE=0.67; n=35; range 2.2m 

– 16.9m). 

Table 3.1 Total groups and Hector’s dolphins encountered, by season. 

Season Groups Dolphins encountered 

Spring 2010 & 2011 9 34 

Summer 2010-2011 9 25 

Autumn 2011 9 42 

Winter 2011 8 19 

Total 35 120 
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Figure 3.3 All Hector's dolphin sightings made while conducting fieldwork, including one sighting made off effort 
offshore from Taiaroa Head. The size of each circle represents the relative group size. 

The average group size encountered was 3.43 dolphins (SE=0.57; Table 3.2). The largest group 

encountered contained 15 individuals while the smallest group had just one individual. Season 

did not have a significant effect on group size (1 factor ANOVA, F3,31=0.79, p=0.51). However, 

the statistical power to detect differences among these small sample sizes is low. 

Table 3.2 Group sizes of Hector's dolphins encountered, by season. 

Season Mean group size (SE) Range Median/Mode 

Spring 2010 & 2011 3.78 (1.04) 1-10 3/1 

Summer 2010-2011 2.78 (0.64) 1-6 2/1 

Autumn 2011 4.67 (1.60) 1-15 3/1 

Winter 2011 2.38 (1.12) 1-10 1/1 

All 3.43 (0.57) 1-15 2/1 

 



32 
 

3.3.2 Seasonal distribution 

The overall sighting rate for all fieldwork was 0.03 groups per nautical mile travelled while on 

effort (Table 3.3). Sighting rate was lowest in winter months (Figure 3.4, Table 3.3). The spatial 

pattern of sightings was similar when all data were combined (Figure 3.5) or when broken 

down by season (Figure 3.6), indicating two general areas of relatively high use in relation to 

the study area: (1) Taiaroa Head to Cornish Head and (2) Moeraki Bay. 

Table 3.3 Sighting rate for Hector’s dolphins (groups/nmi), by season. 

Season Groups Nautical miles (nmi) Sighting rate (groups/nmi) 

Spring 2010 & 2011 9 210.08 0.04 

Summer 2010 - 2011 9 138.24 0.07 

Autumn 2011 9 237.87 0.04 

Winter 2011 7 495.76 0.01 

All 34 1081.95 0.03 

 

 

Figure 3.4 Hector’s dolphin sighting rate (groups/nmi) for each month of fieldwork in Otago, New Zealand from 
September 2010 until November 2011. 
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Figure 3.5 Overall Hector’s dolphin sighting rate (groups/nmi) in Otago, New Zealand for all data from 2010-2011 
fieldwork. Offshore extent of distribution zones is not to scale, since surveys were undertaken 400m from shore.    
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Figure 3.6  Austral seasonal sighting rate (groups/nmi) for Hector’s dolphins in Otago, New Zealand from 
September 2010 until November 2011: spring (upper left), summer (upper right), autumn (lower left) and winter 
(lower right). 

Spring Summer 

Autumn Winter 
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3.3.3 Alongshore ranges of individuals 

Six individuals were resighted in this study. When their sightings were plotted and minimum 

home range determined (Figure 3.7), the average distance covered between sightings was 

6.16 nmi (SE=1.05; range 1.18nmi – 8.81nmi; Table 3.4). There were no matches between 

photos taken in the northern area of this study (Moeraki Bay) and photos taken the southern 

area (Taiaroa Head to Cornish Head). 

Figure 3.7 Minimum home range of two individuals in Otago, New Zealand in 2010-2011: OT.FS7.4702 (left), and 
OT.BS23.756 (right). 

 

Table 3.4 Minimum home range for resighted Hector’s dolphin individuals. 

Individual Number of times sighted Minimum home range (nmi) 

OT.BS23.756 4 8.81 

OT.FL1.3000 3 6.58 

OT.FS2.4201 2 6.65 

OT.FS7.4702 2 6.70 

OT.FS7.4705 3 7.01 

OT.FSV46.7402 2 1.18 

Average 2.5 6.16 
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3.3.4 Distribution near Moeraki 

Surveys for the current project had extensive effort (253.50 nmi) in the area from Moeraki to 

Cornish Head with no Hector’s dolphin sightings. Thirteen sightings were made in or near 

Moeraki Bay. Three marked individuals were discovered on 2010-2011 surveys in the Moeraki 

area–all with Category 3 marks–and none of these individuals were resighted. Few sightings 

were made north of Moeraki Bay to Oamaru (Figure 3.8). Sightings from 1994-1996 surveys 

(Bräger 1998) are also shown for comparison.  These 1994-1996 surveys covered the area 

from Cornish Head to Oamaru, with a few surveys going past Oamaru.  Effort data for 1994-

1996 surveys is not available. 

 

Figure 3.8 Comparison between 1994-1996 and 2010-2011 sightings from surveys in Otago, New Zealand. 
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3.4 Discussion 

3.4.1 Sightings and group size 

Hector’s dolphin sightings have been said to occur near river mouths (Mörzer Bruyns & Baker 

1973), bays, inlets, harbours (Bräger 1998), and estuaries (Baker 1978), indicating that these 

areas are a possible factor in determining preferred areas of use. Other dolphin species have 

been found to prefer feeding in estuarine environments, due to the increased resources in 

these areas (e.g., Tursiops truncatus; Ballance 1992). More research in the Otago area would 

be required to support any claims that Hector’s dolphins favour these areas. Data gathered 

from this study suggest that Otago’s Hector’s dolphins do prefer these habitats, but the 

project was not designed to test this hypothesis. 

Data indicate Otago’s Hector’s dolphins have a small average group size (3.43 dolphins, 

SE=0.57). The average group size for Otago is similar to the average group size of 3.81 

dolphins found at Banks Peninsula (Webster 2009). 

3.4.2 Seasonal distribution 

Surveys in 2010-2011 indicate two general areas of preferred Hector’s dolphin use: (1) Taiaroa 

Head to Cornish Head and (2) Moeraki Bay. It appears these areas are frequented year round, 

but more so in summer, when Hector’s dolphins are generally less dispersed and concentrated 

in inshore waters (within 800m of shore), similar to the pattern of seasonal distribution found 

at Banks Peninsula (Rayment et al. 2010). 

3.4.3 Alongshore ranges of individuals 

Hector’s dolphins have been found in other areas to have an average alongshore home range 

of approximately 27nmi (Rayment et al. 2009), showing high site fidelity. The average home 

range of resighted individuals in this study was 6.16nmi (SE=1.05). This estimate is limited by 

the low sighting rate and surveys from only one year of fieldwork (2010-2011), but it does 

suggest a small alongshore range. With high site fidelity, genetic isolation of local groups is 

likely to occur (Bräger et al. 2002). Since no matches were made between photos taken in the 

northern study area (Moeraki Bay) and the southern area (Taiaroa Head to Cornish Head), this 

could indicate two discrete groups of dolphins. Moeraki dolphins may be connected to 

dolphins north of the area studied, but further photo-ID surveys would be required in order to 

determine the likelihood of this possibility. Further, no Hector’s dolphin sightings were made 

to the south of the Otago Peninsula, indicating that the Taiaroa Head to Cornish Head group is 

likely isolated to the south. Wide-ranging population surveys have also suggested this isolation 

(Dawson et al. 2004). 
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Four genetically distinct populations have been identified for Hector’s dolphins: North Island 

(NI), South Island east coast (SIEC), South Island south coast (SISC), and South Island west 

coast (SIWC; Pichler 2002). Otago’s Hector’s dolphins would presumably belong in the SIEC 

group. However, no genetic samples were taken from Otago individuals for Pichler’s analysis. 

The closest sample was taken from Timaru, north of Oamaru. Therefore, Otago individuals 

might instead be more genetically similar to the SISC group, or alternatively form their own 

genetic group. 

Since this analysis only considered marked individuals, it is possible that unmarked individuals 

travel greater distances and mix with more distant groups of dolphins. Furthermore, 

identifying marks accumulate with age, so marked dolphins are probably older, on average, 

than unmarked individuals. There is no evidence that younger Hector’s dolphin individuals 

would travel further than older individuals, and indeed the genetic divisions show that 

breeding animals do not migrate (Pichler 2002). Hector’s dolphins in Otago (especially Taiaroa 

Head to Cornish Head individuals) may be at risk of demographic and stochastic effects which 

become increasingly detrimental in small populations. 

3.4.4 Distribution near Moeraki  

It appears that at least in the past 15+ years, the area between Moeraki Bay and Cornish Head 

has had very little Hector’s dolphin activity, and Moeraki Bay has been a preferred area for 

Hector’s dolphins. Very few sightings were made north of Moeraki Bay in 2010-2011 as 

compared to 1994-1996 sightings. This suggests that Hector’s dolphin activity has decreased 

south of Oamaru in the past 15+ years. However, there is no effort data for 1994-1996.  

Without effort data, it is impossible to quantify any difference, but we can consider trends in 

the number of sightings per field day for each location and note the difference.   

In 31 survey days in the Moeraki area over two years (1994-1995 and 1995-1996), 24 

individuals were resighted by Bräger (1998) with a total of 30 individuals included in his photo-

ID catalogue (Table 3.5). A total of 131 sightings were made in the Moeraki to Oamaru area in 

1994-1996 surveys. In 2010-2011, 15 survey days were conducted in the area from Cornish 

Head to Oamaru. Only 13 sightings were made, and all sightings were in or near Moeraki Bay. 

Only three individuals (all Category 3) were identified in this area, with no resightings. It 

appears there is less Hector’s dolphin activity in the Moeraki area than there was in 1994 

when Bräger started his research. 
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Table 3.5 Hector's dolphins identified in Moeraki surveys, by Category (Bräger 1998). 

Category Individuals (1994-1996) Individuals (2010-2011) 

1 3 0 

2 4 0 

3 9 3 

4 14 0 

Total 30 3 

 

None of the 1994-1996 Moeraki individuals were resighted in the Taiaroa Head to Cornish 

Head area either during this study (2010-2011) or through photographs supplied by Monarch 

wildlife cruises (operating around Taiaroa Head, and mostly taken in 2007). Similarly, none of 

the identifiable individuals from Taiaroa Head to Cornish Head were seen in the Moeraki area. 

This indicates that individuals in the two areas do not appear to mix. 
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4 Abundance of Otago’s Hector’s dolphins 

4.1 Introduction 
Evolving from Peterson’s (1896) pioneering studies in fisheries, mark-recapture approaches 

have become a popular and effective way to estimate total population size (Otis et al. 1978; 

Pollock et al. 1990). Typically, a sample of animals out of the total population are captured, 

marked, and then released to mingle with the rest of the population. On a later occasion, a 

second sample of animals is captured. Some of these individuals have marks from the previous 

capture and others are unmarked. By determining the proportion of individuals in the second 

sample that have already been marked, total population size can be estimated. A variety of 

mark-recapture methods have been used on a range of organisms including: leopards 

(Panthera pardus;  Stein et al. 2011), Australian sea lions (Neophoca cinera; Shaughnessy et al. 

2011), leatherback turtles (Dermochelys coriacea; Dutton et al. 2005), green snakes 

(Opheodrys aestirus; Plummer 1997), Panamanian stream frogs (Craugastor punctariolus; 

Ryan et al. 2008), and fish (Pine et al. 2003). 

Artificially marking animals can harm the organism and/or affect its chances of being 

recaptured (Murray & Fuller 2000). Therefore, there has been a shift to use natural markings 

to identify individuals when possible. For example, weedy seadragons (Phyllopteryx 

taeniolatus; Martin-Smith 2011), snow leopards (Uncia uncia; Jackson et al. 2006), and a 

variety of patterned amphibians (Doody 1995) can be identified using naturally occurring 

marks on their bodies. “Capturing” these patterns by photography is a less invasive way to 

interact with the animal (e.g., Doody 1995). Once the animal has been “captured” by camera, 

it is considered marked if it has uniquely identifiable markings. 

Photo-ID is often used with cetaceans to recognise individuals (e.g., Katona & Whitehead 

1981), commonly for mark-recapture studies (e.g., Payne et al. 1990). Photo-ID has been used 

in mark-recapture studies for several populations of Hector’s dolphins. For example, 

abundance for Porpoise Bay (Bejder & Dawson 2001) and Banks Peninsula (Cameron et al. 

1999; Gormley et al. 2005) have been estimated using photo-ID. 

4.2 Methods 

4.2.1 Data collection 

Surveys were categorised as being in the austral summer (November 1, 2010–April 30, 2011) 

or austral winter (May 1, 2011–October 31, 2011). Surveys were split into two seasons 
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(summer and winter), rather than four (spring, summer, autumn, and winter), to increase 

resightings of marked individuals. 

Ten surveys were available for mark-recapture analysis for the first summer (2010-2011) 

between Taiaroa Head and Cornish Head. Winter surveys had very few recognisable 

individuals sighted ( =4) and no resightings of these individuals within the winter period. 

There was insufficient effort in the second summer to compute an abundance estimate. 

Therefore, population size for individuals between Taiaroa Head and Cornish Head was 

estimated for the six months of summer surveys in 2010-2011. 

To increase recaptures, an extended dataset (September 1, 2010–May 31, 2011) was also 

considered which had 14 surveys available for analysis. Since sighting rate dropped 

significantly in the winter, the dataset was expanded to include all fieldwork before the three 

months of winter (June, July and August). Data from this time period will be referred to as the 

“extended nine month dataset” throughout, and was used in all analyses. 

A sighting history was produced for each individual encountered on the surveys used for 

abundance estimation. Each individual received a “0” if it was not seen or a “1” if it was seen 

on a particular survey. Two examples of sighting histories are shown below: 

OT.FL1.3000.Scratchy:  0 0 0 0 1 0 1 0 0 0 

OT.BS456.814:   0 0 0 0 0 0 1 0 0 0 

There are several reasons why a zero may appear in a sighting history, including: (1) the 

animal has died or emigrated, (2) the animal was alive and in the study area but not 

encountered that day, (3) the animal was encountered, but not photographed, or (4) the 

animal was encountered and photographed, but was not identifiable from the photograph 

taken (Slooten et al. 1992). 

4.2.2 Discovery curves 

Discovery curves are often used in mark-recapture studies to indicate if most of the 

recognisable individuals have been identified (e.g., Williams et al. 1993; Martin-Smith 2011). A 

discovery curve shows the cumulative number of unique individuals identified throughout 

successive fieldwork days. If the discovery curve plateaus as time progresses, this indicates 

that all or most of the marked individuals in the population have been identified. Discovery 

curves were produced for the six month period and also the extended nine month period. 
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4.2.3 Mark rate 

For this project, only animals with naturally occurring marks could be identified, initially 

leaving the unmarked proportion of the population out of the analysis. Mark categories 1, 2, 

and 3 were used in this analysis. An abundance estimate of marked individuals can be scaled 

up by the mark rate (  ), the proportion of individuals with marks, to provide an estimate of 

total population size (Gormley et al. 2005). 

Mark rate is estimated by the number of pictures of identifiable marked individuals divided by 

the total number of high quality photos taken. To establish mark rate, “random photography” 

was used to “capture” all Hector’s dolphins, regardless of whether or not they had marks. The 

aim was to acquire four times as many photos as there were dolphins in each group, to ensure 

a 95% chance of capturing all individuals (Ballance 1990; Würsig & Jefferson 1990). Therefore, 

multiple photos of the same individual were often taken during one encounter. However, a 

maximum of one photo was kept each time a particular dolphin surfaced. Poor quality photos 

were discarded. High quality photos were defined as being side on, in focus, well-exposed and 

sufficiently close to show small marks. See Chapter 2 for details of photo-ID methods. 

Once mark rate was determined, the coefficient of variation (CV) and a confidence interval (CI) 

for the estimate were calculated. Coefficient of variation is defined as the standard error (SE) 

of a parameter estimate divided by the parameter estimate itself. In the case of mark rate, 

  (  )     (  )   ⁄ . A binomial 95% confidence interval for the mark rate estimate was 

constructed following the method in Zar (1996; p. 525). 

4.2.4 Lincoln-Peterson method 

The Lincoln-Peterson estimate was first used in animal population ecology in 1930 (Lincoln 

1930). This estimator determines population size  ̂ from the number of animals caught, 

marked and released on a first occasion (  ), the number of animals caught on a second 

occasion (  ) and the number of    captures that were recaptures from the first occasion 

(  ). Sighting histories were split into equal mark and recapture periods for use in this 

analysis. The Lincoln-Peterson estimate of total population size ( ̂) is 

  ̂  
    
  

  4-1 

In order to create an unbiased abundance estimate of a population using the Lincoln-Peterson 

estimator, four assumptions must be made (Seber 1982; Hammond 1986; Pollock et al. 1990). 

First, we must assume that the population is closed (i.e., no births, deaths, immigration or 

emigration). Second, it must be assumed that the individuals do not lose or gain marks during 
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the study period. Third, all marked individuals must be accurately identified. Fourth, 

individuals must have an approximately equal chance of being captured. These assumptions 

are discussed in Section 4.4.2. 

A modified version of the Lincoln-Peterson estimator was created by Chapman (1949) to 

reduce bias in small populations. Chapman’s modification is 

 
 ̂  

(    )(    )

    
    

4-2 

Variance of  ̂  is given by 

 
   ̂( ̂ )  

(    )(    )(     )(     )

(    )
 (    )

  
4-3 

as explained in Seber (1970). 

The coefficient of variation of  ̂  is 

 

  ( ̂ )   
√   ̂( ̂ )

 ̂ 
  

4-4 

as in Seber (1982). 

A 95% confidence interval for  ̂  was calculated assuming a log-normal distribution as 

described in Buckland et al. (1993; p. 88-89): 

       ( ̂ )   ( ̂  ⁄   ̂   ), 4-5 

where      (    √  (    ( ̂ )
 
)). 

This creates an asymmetric confidence interval which more appropriately represents the 

uncertainty in abundance estimates (Buckland et al. 1993). Total population size ( ̂  ) is then 

estimated by dividing the estimate of marked individuals in the population by the mark rate 

 
 ̂    

 ̂ 
  

 
4-6 

as described by Gormley et al. (2005). The coefficient of variation of  ̂   is calculated using 

the combination of the coefficients of variation as in Buckland et al. (1993), where  
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  ( ̂  )  √  ( ̂ )

 
   (  )

 . 
4-7 

A 95% confidence interval for  ̂   was calculated using Equation 4-5, in the same manner as 

the confidence interval for  ̂ . 

4.2.5 Schnabel method 

The Schnabel method (Schnabel 1938) uses Lincoln-Peterson estimates over multiple 

recapture periods in a closed population model (Krebs 1999). Let    be the total number of 

individuals caught in a particular sample  ,    be the number of individuals that are already 

marked in sample  ,    be the number of individuals marked for the first time in sample  , and 

   be the number of marked individuals that are present in the population before sample   is 

taken. Therefore, 

           , 4-8 

as described by Krebs (1999). The Schnabel method creates a population estimate as a 

weighted average of Peterson estimates between multiple recapture periods, given by: 

 
 ̂   

∑ (    ) 

∑    
  

4-9 

where the variance of the reciprocal of  ̂  is given by: 

    (
 

 ̂ 
)   

∑  
(∑    )

 
 4-10 

also explained in Krebs (1999) and Seber (1982). This method is only applicable to capture 

events with a non-zero   . This estimate,  ̂ , is then scaled by mark rate (  ) as described by 

Equation 4-6 to acquire  ̂  . A 95% CI was calculated as discussed in Equation 4-5. A CV was 

not calculated for Schnabel methods, since this method’s variance is expressed as    ̂.  

4.2.6 Huggins closed capture method 

The Huggins closed capture method (Huggins 1989) was carried out in the mark-recapture 

program MARK version 6.1. Four models were fit to each dataset: the six month dataset and 

the extended nine month dataset. In the first model, capture probability ( ) was set equal to 

the recapture probability ( ) with no variation due to time. This corresponds to all individuals 

having a constant and equal chance of being captured and recaptured throughout all sampling 

occasions (model:    ). In the second model, both   and   were constant, but not 

necessarily equal (model:    ). In the third model,   and   were equal on each sampling 
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occasion but were allowed to vary with time (model:      ). In the fourth model, both 

parameters were allowed to vary independently on each sampling occasion (model:      ). 

AICc can be used to determine the model with the best fit (Akaike 1974). The estimate of 

marked population size using the Huggins method,  ̂ , was determined for each model and 

then scaled by mark rate to acquire a total abundance estimate,  ̂  . The coefficient of 

variation,   ( ̂  ), was calculated using Equation 4-7. A 95% confidence interval was 

constructed for  ̂   under each of these four models again following Equation 4-5, as per 

Buckland et al. (1993). 

4.3 Results 
There were very few identifiable individuals in the Moeraki area (   ), and no resightings of 

these individuals. In addition, there appears to be a gap in the dolphins’ distribution between 

Cornish Head and Moeraki Bay (See Chapter 3). Furthermore, no identifiable dolphin was ever 

observed in both the northern (Moeraki Bay) and southern areas (Taiaroa Head to Cornish 

Head). Hence, it seems that the Taiaroa Head to Cornish Head individuals form a separate 

subpopulation. It is this subpopulation that is the focus of the abundance estimation produced 

in this study. 

4.3.1 Discovery curves 

The discovery curve for the six month dataset does not appear to plateau (Figure 4.1). When 

the dataset was extended to include nine months of fieldwork, no new individuals were 

encountered in the additional three months. 

 

Figure 4.1 Discovery curves for Hector’s dolphins encountered in Otago between Taiaroa Head and Cornish Head 
during the six month (left) and the nine month (right) datasets. 

4.3.2 Mark rate 

A total of 136 high quality photos were taken and used in analysis. Marked individuals in 

photos were identified. Mark rate was estimated for all marked individuals (dolphins with 

Category 1, 2, 3, or 4 marks), individuals with Category 1, 2, and 3 marks, and also for Category 
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1 and 2 individuals (Table 4.1). The mark rate of 36% (CV=12%; CI=28-45%) for Category 1, 2, 

and 3 individuals was used in all analyses. 

Table 4.1 Mark rate of Otago Hector’s dolphin individuals, by Category. 

Categories Mark rate (%) CV (%) 95% CI 

1/2/3/4 49 9 41-58 

1/2/3 36 12 28-45 

1/2 15 21 9-22 

4.3.3 Lincoln-Peterson method 

Using Chapman’s modification of the Lincoln-Peterson estimator to analyse the data from the 

first summer season, the population of marked dolphins between Taiaroa Head and Cornish 

Head was estimated as  ̂     (CV=20%, CI=8-16). Scaling  ̂  by the mark rate, a total 

population estimate of all individuals in this area was calculated to be  ̂      (CV=23%, 

CI=20-48). The extended nine month dataset yields similar values:  ̂     (CV=14%, CI=8-14) 

and  ̂      (CV=19%, CI=20-41). 

4.3.4 Schnabel method 

An abundance estimate was also calculated using the Schnabel method. For the six month 

dataset, the estimate of marked population size  ̂     (CI=6-59). This was scaled by mark 

rate to give a total abundance estimate of  ̂      (CI=16-163). Applying this model to the 

nine month dataset produced similar estimates:  ̂     (CI=6-44) and  ̂      (CI=17-122). 

4.3.5 Huggins closed capture method 

Using the Huggins closed capture method on the six month dataset, the best fitting model 

resulted when capture probability ( ) and recapture probability ( ) were equal and allowed to 

vary with time (model:      ;           ). The model       was over-parameterized for 

the data and therefore not considered. Both other models had      values at least two 

greater than the best fitting model, indicating a substantially worse fit to the data. Therefore, 

the best estimate of total population size when using the Huggins closed capture method on 

the six month data is  ̂      (CV=41%, CI=19-92). The results from all models which could 

be fit to the six month data are in Table 4.2. 

Table 4.2 Huggins closed capture results for the six month dataset for Hector’s dolphins between Taiaroa Head 
and Cornish Head. 

Model  ̂   ̂     ( ̂  ) 95% CI ( ̂  ) AICc AICc model weight 

      15 42 41% 19-92 63.18 0.67 

    18 51 46% 21-120 65.27 0.24 

    13 36 58% 13-104 67.17 0.09 
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The Huggins closed capture method was also applied to the extended nine month dataset 

(Table 4.3). Using this data, the best fitting model resulted when   and   were constant and 

distinct (model:    ;          ). Both other models had very similar      values to the best 

fitting model, with all three      model weights between 30% and 40%. Therefore, model-

averaging was applied to these three models in MARK, to create a model-averaged abundance 

estimate and confidence interval. The model averaged estimate of total abundance was 

 ̂      (CV=44%, CI=19-100). Once again, the model       was over-parameterized for the 

data and therefore not considered. 

Table 4.3 Huggins closed capture results for the nine month dataset for Hector’s dolphins between Taiaroa Head 
and Cornish Head. 

Model  ̂   ̂     ( ̂  ) 95% CI ( ̂  ) AICc AICc model weight 

    10 27 17% 19-37 79.1 0.37 

    16 43 39% 21-90 79.3 0.32 

      13 37 34% 20-71 79.4 0.31 

Model-Averaged 16 44 44% 19-100 n/a n/a 

4.3.6 Summary of results 

The results from all abundance analyses, for both six and nine month datasets are in Table 4.4. 

Table 4.4 Summary of Hector’s dolphin abundance estimate results for individuals that use the area between 
Taiaroa Head and Cornish Head. 

Method  ̂  ̂    ( ̂ ) 95% CI ( ̂ ) 

Lincoln-Peterson (6 month) 11 31 23% 20-48 

Lincoln-Peterson (9 month) 10 28 19% 20-41 

Schnabel (6 month) 16 44 n/a 16-163 

Schnabel (9 month) 15 42 n/a 17-122 

Huggins (6 month) 15 42 41% 19-92 

Huggins (9 month) 16 44 44% 19-100 

 

4.4 Discussion 

4.4.1 Mark rate 

There were few individuals with Category 2 marks (   ) and no individuals with Category 1 

marks. Therefore, using Category 1 and 2 marks to estimate mark rate was inappropriate. 

Furthermore, the Otago population appears to be small and localised, producing minimal risk 

of photo-ID identification error. This justifies including Category 3 marks in mark rate 
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estimation (Bejder & Dawson 2001). However, including Category 4 individuals would 

unacceptably increase the effects of error in the identification of individuals, in particular 

those with small, subtle marks. Therefore, the most appropriate mark rate for Otago, 

considering the individuals encountered, was determined to be that which included Category 

1, 2, and 3 individuals – a mark rate of 36% (CV=12%; CI=28-45%). This is the mark rate used in 

all subsequent analyses, along with the sighting histories of Category 1, 2, and 3 individuals. 

The estimate of mark rate should be unbiased, since a photographer’s skills would presumably 

be the same for any marked or unmarked individual encountered. Strict protocols were 

followed in choosing photographs (See Chapter 2), minimising the potential for bias via 

misidentifying individuals. The mark rate estimated in this study is similar to mark rates found 

in other studies of Hector’s dolphins that use the “random photography” approach. For 

example, mark rate for Category 1, 2, and 3 individuals at Porpoise Bay, New Zealand was 

found to be 37% (Bejder & Dawson 2001) as compared to 36% found in this study. 

4.4.2 Assumptions of closed population models 

There are four basic assumptions to the Lincoln-Peterson estimator which must be true in 

order for the population estimate to be accurate. The first assumption is that the population is 

closed (i.e. no births, deaths, immigration or emigration). For Hector’s dolphins, using data 

within individual periods of approximately six or nine months is short enough to assume the 

population is closed. In addition, the Otago’s Hector’s dolphins from Taiaroa Head to Cornish 

Head appear to be highly localised with no movement out of the study area during the six or 

nine months used in mark-recapture analysis (See Chapter 3). Dolphin densities were much 

lower close to shore in the winter, but winter data (June, July and August) were not included 

in mark-recapture analysis of either the six or nine month datasets. There were no Hector’s 

dolphin sightings approximately 20nmi north and at least 30nmi south of this area. Since 

Hector’s dolphins have high site fidelity (Rayment et al. 2009), it’s likely that the entire 

coastline used by the individuals from Taiaroa Head to Cornish Head was included in surveys 

for mark-recapture analysis. Closure can be tested statistically (Robson & Flick 1965), but Otis 

et al. (1978) suggest that a better test for closure is using biology, not statistics. The Otago 

Hector’s dolphins from Taiaroa Head to Cornish Head likely represent a closed population 

within both the six and nine month periods. 

The second assumption for the Lincoln-Peterson estimator is that animals do not gain or lose 

marks during the study period. If marks were gained during the study, the population size 

would be overestimated, due to considering the same dolphin a new individual. Mark loss also 
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causes the population size to be overestimated (Seber 1982), since individuals with mark 

changes are not recognised as resightings of previously known individuals. It is improbable 

that during a short study period any of these animals gained or lost marks (Slooten et al. 

1992), so it is likely this second assumption is satisfied. 

The third assumption is that all animals are accurately identified. First, this means that 

individuals must have identifiable marks, be photographed well and photos must be analysed 

without error. Matching errors, for example failing to correctly match an individual to an 

existing ID, would act to overestimate abundance. On the other hand, if an individual that did 

not match an already established ID was declared to be a match (a “false positive”), this would 

act to underestimate abundance (Gunnlaugsson & Sigurjonsson 1990). However, in this small 

and isolated population, it is unlikely that multiple individuals had nearly identical marks. In 

addition, requiring high-quality photos acted to reduce matching error. Furthermore, 

questionable matches were double checked by additional experienced individuals to further 

reduce matching errors. 

The fourth assumption of the Lincoln-Peterson estimator is that all individuals have an 

approximately equal chance of being captured. There are two reasons why equal capture 

probability might not be true for individuals in a population: heterogeneity and “trap 

response” (Pollock et al. 1990). Heterogeneity encompasses differences in capture probability 

due to age, gender, behaviour, or other factors. Some individuals encountered on surveys 

were elusive or otherwise difficult to access due to being very close to shore, often in the surf 

zone. Unfortunately, the target rate of acquiring four times as many photos as individuals in a 

group (to ensure a 95% chance of capturing all individuals present; Ballance 1990; Würsig & 

Jefferson 1990) was not always possible. This means some marked individuals could have 

been missed, resulting in a lower population estimate. However, it is reasonable to assume 

that these individuals were accessible at least on some occasions. Already captured individuals 

may also exhibit a “trap response” and behave differently on future capture occasions. In 

trapping studies, it is common for some individuals to become “trap happy” or “trap shy” after 

the initial encounter. The former can arise when the animals realise that traps contain food, 

and the latter can arise if trapping is a stressful experience. In the case of Hector’s dolphins, 

individuals are generally boat positive (“trap happy”) and approach the boat, especially if the 

boat is travelling slowly (i.e., less than 10 knots; Slooten & Dawson 1988). But there is no 

reason to believe that previously photographed dolphins become more boat positive. It is also 

unlikely that the “capture” experience via photography is negative (Seber 1982) for Hector’s 
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dolphins, causing them to avoid the boat on future occasions. Therefore, this final assumption 

has most likely been met as well. 

4.4.3 Comparison of abundance estimates 

The results for all abundance estimates (Table 4.4) produce broadly similar values for marked 

population size ( ̂) and total population ( ̂ ). The Lincoln-Peterson method produced the 

smallest estimates of total abundance, at least ten individuals fewer than either the Schnabel 

or Huggins methods. The Lincoln-Peterson method also produced the smallest coefficient of 

variation and narrowest confidence intervals, in particular smaller upper confidence limits. 

The Lincoln-Peterson model is the simplest model among those considered, so would be 

expected to have the narrowest confidence interval. The Lincoln-Peterson estimator is 

considered unbiased if the number of resightings in the recapture period,   , is greater than 

seven (Robson & Regier 1964; Krebs 1989). In the six month dataset,      and for the 

extended nine month dataset     . Therefore, it is possible that the Lincoln-Peterson 

estimator is biased and the corresponding CV and CI are overly precise. 

The Schnabel and the Huggins closed capture methods produce very similar estimates and 

confidence intervals for the number of marked individuals and total population size. However, 

the Huggins closed capture model allows for a better fit to the data, since capture and 

recapture probabilities are allowed to vary with time. Analysing the extended nine month 

dataset allowed for more capture and recapture periods, and hence a more robust population 

estimate, without substantial increase in the chance of violating model assumptions. Model-

averaging is an effective method for dealing with model uncertainty (Hjort & Claeskens 2003), 

when two or more models provide reasonable fits to a dataset. Model-averaging the three 

Huggins closed capture models applied to the nine month dataset takes into account 

uncertainty around models and abundance estimates. This produces a more representative 

estimate of total abundance. Therefore, the most appropriate estimate of total population 

size for Otago’s Hector’s dolphins is taken to be the nine month data in the Huggins closed 

capture model, producing a model-averaged total abundance of  ̂      (CV=44%, CI=19-

100). 

4.4.4 Other methods considered 

A further modification to the Lincoln-Peterson estimator was developed by Bailey (1951). This 

method minimises small sample bias and has been used in other cetacean population 

estimates (e.g., Alvarez et al. 1990). Bailey’s method allows for individuals that have been 

seen more than once in the recapture period to be incorporated better into the population 
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estimate. This method would not help establish a better estimate in this study, since there are 

only single resightings of individuals for the summer season and similarly for the extended 

dataset. Therefore, it was not appropriate to use Bailey’s modification of the Lincoln-Peterson 

estimate with this dataset. 

Abundance may also be estimated using a frequency distribution of captures (Krebs 1999). In 

this method, a bar graph is created showing the number of individuals sighted once, twice, 

three times, etc. Models are fit to these data to determine the number of individuals that 

might have been missed (i.e., seen zero times) to estimate total abundance. However, since 

there were few resightings in this study, a frequency distribution was not appropriate. 

Open population models are appropriate if births, deaths, immigration and/or emigration are 

likely within the period of the study (Seber 1982). These models can estimate survival 

probability,   (e.g., Zeh et al. 2002), and capture probability ( ) between intervals (Gormley et 

al. 2005). In a longer term study of Hector’s dolphins (i.e., more than one year) it would be 

best to use an open population model such as the basic Jolly-Seber model, developed almost 

simultaneously by Jolly (1965) and Seber (1965). Cormack (1964) simplified the model with the 

assumption that all animals have an equal capture and recapture probability. This model has 

been used in several previous long-term Hector’s dolphin studies (e.g., Slooten et al. 1992; 

Gormley et al. 2005). If analysing the entire dataset obtained during this study (from 

September 2010 to November 2011) or if incorporating data from past sources, an open 

population model like the Cormack Jolly-Seber model should be considered. However, there 

were only enough data within the six month period of the first summer (2010-2011) and the 

extended nine month period to estimate abundance. Within six or nine months, it is 

reasonable to assume the population is closed, so an open population model is unnecessarily 

complex for the limited data available in this study, and would not provide any improvement 

over closed-population analyses. 

4.4.5 Further research 

Bayesian methods are potentially more appropriate for conservation biology since decisions 

often must be made with limited data (Ellison 1996; Wade 2000). Since this study had sparse 

data and few resightings of individuals, a Bayesian approach could be considered. For 

example, Bayesian methods have been used to estimate survival of Hector’s dolphins in long-

term studies, even though only a small sample size was available (Chavez-Demoulin 1999). 

Bayesian methods have also been used with a closed population of dolphins from Scotland to 

determine abundance (King & Brooks 2008) in a similar way as would be required for the data 
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set obtained during this study. In addition, it is possible to vary capture probabilities between 

individuals and also sampling occasions (Durban & Elston 2005). Consideration of these 

Bayesian approaches could create a more informative population estimate for the individuals 

in the area from Taiaroa Head to Cornish Head. 

Ultimately, however, the best way to produce a more robust estimate of the abundance of 

Hector’s dolphins in Otago is to acquire additional data, through a longer-term study. 
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5 Distribution of dusky dolphins along the Otago coastline 

5.1 Introduction 
Dusky dolphins are widely distributed around most of New Zealand and its offshore islands 

(Würsig et al. 2007). There is no abundance estimate for New Zealand dusky dolphins and 

minimal work had been done in the Otago area on dusky dolphins. Photo-ID effort has been 

undertaken around Kaikoura and the Marlborough Sounds, providing evidence for movement 

between the two areas (approximately 500km, Harlin et al. 2003). Individual dusky dolphins 

have travelled up to 780km between sightings (Waerebeek & Würsig 2008), so it is possible 

that Kaikoura dusky dolphins utilise the Otago coastline. Further information on dusky 

dolphins is presented in Chapter 1. 

5.2 Methods 
Field methods and data collection procedures are described in Chapter 2. When dusky 

dolphins were seen, they were approached at no-wake speed and the encounter was 

recorded. Individuals were photographed, if possible, but photo-ID of dusky dolphins was not 

the main focus of this study. Photographs were shared with Sarah Piwetz of Texas A&M 

University, for comparison with photos in the Admiralty Bay and Kaikoura dusky dolphin 

photo-ID catalogues. 

Throughout fieldwork, all dusky dolphin sightings were recorded for encounters both on and 

off effort (see Appendix G for raw sighting data). The overall average group size was 

calculated, as well as the average group size for each season. Austral seasons were defined as 

spring (September–November), summer (December–February), autumn (March–May), and 

winter (June–August). The average depth of all sightings was also calculated. Only inshore 

dusky dolphin sightings made while on effort were used to determine seasonal distribution 

along the Otago coastline. Since there was unequal survey effort between areas, the number 

of groups encountered was normalised by nautical miles travelled on effort within each area. 

This allowed a seasonal comparison between inshore Hector’s dolphin and dusky dolphin 

sighting rates. 

5.3 Results 

5.3.1 Sightings and group size 

Forty-three dusky dolphin groups were sighted from September 1, 2010 until November 30, 

2011 (Figure 5.1). Sightings often occurred while off effort, further offshore, en route to a 

particular location to begin an inshore Hector’s dolphin survey. A total of 235 dolphins were 
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seen, however some of these may have been repeated sightings of the same individuals (Table 

5.1). There were frequent sightings around Cape Saunders. 

 

Figure 5.1 All dusky dolphin sightings made while conducting fieldwork along the Otago coastline in 2010-2011. 
The size of each circle represents relative group size. 

Table 5.1 Total groups and dusky dolphins encountered along the Otago coastline in 2010-2011, by season. 

Season Groups Dolphins encountered 

Spring 2010 & 2011 16 89 

Summer 2010-2011 1 30 

Autumn 2011 6 30 

Winter 2011 20 86 

All 43 235 

Several dusky dolphins encountered in Otago had Category 1 or 2 marks (Figure 5.2), and 

many individuals had small Category 3 or 4 marks (Figure 5.3). No matches were found among 

dusky dolphin photographs acquired during fieldwork. No information is currently available as 

to whether or not there are matches between Otago individuals and those in the Admiralty 

Bay and Kaikoura photo-ID catalogues (Piwetz, pers. comm.). 



55 
 

 

 

Figure 5.2 Otago dusky dolphin individuals with Category 1 (top) or 2 (bottom) marks. 
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Figure 5.3 Otago dusky dolphin individuals with Category 3 (top) and 4 (bottom) marks. 
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The average group size for dusky dolphins was 5.47 individuals (n=43; SE=0.73; Table 5.2). The 

largest group encountered was 30 individuals and the smallest sighting had a single dusky 

dolphin. The average ocean depth during dusky dolphin encounters was 25.06m (n=32; 

SE=1.93). 

Table 5.2 Group sizes of dusky dolphins encountered in Otago from 2010-2011, by season. 

Season Mean group size (SE) Range Median/Mode 

Spring 2010 & 2011 5.56 (0.86) 1-15 5.5/6 

Summer 2010-2011 30.00 (n/a) n/a 30/30 

Autumn 2011 5.00 (1.06) 3-10 4.5/4 

Winter 2011 4.30 (0.59) 1-10 4/2 

All 5.47 (0.73) 1-30 5/5 

5.3.2 Seasonal distribution 

There were 15 on effort inshore dusky dolphin sightings available for analysis (Figure 5.4). The 

overall sighting rate for all inshore on effort surveys was 0.01 groups/nmi (Table 5.3), and was 

dispersed along the coastline. The area south of Taiaroa Head exhibited high dusky dolphin 

activity, when standardized by nmi travelled per block (Figure 5.5). Inshore on effort sightings 

of dusky dolphins were similar in spring and winter (Table 5.3; Figure 5.6), with no inshore on 

effort dusky dolphin sightings in summer or autumn (Figure 5.7; see Appendix H and Appendix 

I for raw data). 

 

Figure 5.4 Inshore, on effort sightings of dusky dolphins along the Otago coastline from 2010-2011. Two sightings 
occurred at Cape Saunders. 
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Table 5.3 Inshore, on effort sighting rate (groups/nmi) for dusky dolphins encountered along the Otago coastline 
in 2010-2011, by season. 

Season Groups Nautical miles (nmi) Sighting rate (groups/nmi) 

Spring 2010 & 2011 7 210.08 0.03 

Summer 2010-2011 0 138.24 0 

Autumn 2011 0 237.87 0 

Winter 2011 8 495.76 0.02 

All 15 1081.95 0.01 

 

 

Figure 5.5 Overall inshore, on effort sighting rate (groups/nmi) for dusky dolphins along the Otago coastline from 
2010-2011. 
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Figure 5.6 Seasonal inshore sighting rate (groups/nmi) for dusky dolphins along the Otago coastline in 2010-
2011: spring (left) and winter (right). 

 

Figure 5.7 Inshore sighting rate (groups/nmi) for dusky dolphins along the Otago coastline in 2010-2011, by 
month. 

5.3.3 Comparison of Hector’s dolphins and dusky dolphins 

Different patterns were observed between Hector’s dolphin and dusky dolphin sightings 

(Figure 5.8). Hector’s dolphin sightings occurred in two primary areas: (1) Taiaroa Head to 

Cornish Head and (2) Moeraki Bay. Dusky dolphin sightings were much more dispersed along 

the coastline and frequently occurred in deeper water, further offshore. Dusky dolphin 

sightings often occurred in areas that Hector’s dolphins did not frequent. For example, there 
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are many dusky dolphin sightings from Taieri Mouth to Taiaroa Head and also from Karitane to 

Moeraki. 

 

Figure 5.8 Dusky dolphin and Hector's dolphin sightings along the Otago coastline on 2010-2011 surveys. All 
sightings are plotted and sightings are not adjusted for effort. 

Hector’s dolphin and dusky dolphin group size was usually between 2-6 individuals (Table 5.4). 

However, one large group of 30 dusky dolphins was seen in summer. The mean depth of 

sightings varied significantly at the 95% level between the species, with dusky dolphins found 

in deeper waters (Figure 5.9). 

Table 5.4 Mean size of Hector's dolphin and dusky dolphin groups encountered along the Otago coastline in 
2010-2011, by season. 

Season 
Hector’s dolphin  

mean group size (SE) 
Dusky dolphin  

mean group size (SE) 

Spring 2010 & 2011 3.78 (1.04) 5.56 (0.86) 

Summer 2010-2011 2.78 (0.64) 30.00 (n/a) 

Autumn 2011 4.67 (1.60) 5.00 (1.06) 

Winter 2011 2.38 (1.12) 4.30 (0.59) 

All 3.43 (0.57) 5.47 (0.73) 
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Figure 5.9 Mean depth of all encounters with Hector’s dolphin (n=34) and dusky dolphin (n=33) groups 
encountered along the Otago coastline in 2010-2011, with 95% confidence intervals. 

Seasonally, Hector’s dolphins were more common inshore (within 800m of shore) in spring, 

summer and autumn. In contrast, the only inshore sightings of dusky dolphins occurred in 

spring and winter (Figure 5.10). In addition to these inshore sightings, dusky dolphins were 

also encountered offshore in all seasons. 

 

Figure 5.10 Inshore, on effort sighting rate (groups/nmi) per month for Hector's dolphins (n=34) and dusky 
dolphins (n=15) encountered along the Otago coastline in 2010-2011. 
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Table 5.5 Sighting rates, for Hector's dolphins and dusky dolphins encountered on effort along the Otago 
coastline in 2010-2011, by season. 

Season Hector’s dolphin  
sighting rate (groups/nmi) 

Dusky dolphin  
sighting rate (groups/nmi) 

Spring 2010 & 2011 0.04 0.03 

Summer 2010-2011 0.07 0 

Autumn 2011 0.04 0 

Winter 2011 0.01 0.02 

All 0.03 0.02 

5.4 Discussion 

5.4.1 Sightings and group size 

Dusky dolphins were dispersed over the entire survey area. Frequent sightings at Cape 

Saunders could be due to significant upwelling in the area. In South Africa, large groups of 50-

100 individuals were only seen near a wind-driven upwelling zone (Elwen et al. 2010). 

Similarly, blue whales (Balaenoptera musculus) in California often feed in the area around an 

upwelling zone in Monteray Bay (Croll et al. 2005), indicating the importance of upwelling 

zones as feeding areas. 

In Kaikoura, dusky dolphins form larger groups in winter than in summer (Markowitz et al. 

2004). This was not the case with Otago’s sightings. The largest group had approximately 30 

individuals, and was the only summer group encountered. The smallest groups were in spring 

and winter, with just one individual. Spring, autumn and winter all had similar average group 

sizes of 4-6 individuals. 

Photographs were shared with Sarah Piwetz of Texas A&M University, for future comparison 

with photos in the Admiralty Bay and Kaikoura dusky dolphin photo-ID catalogues. Since 

photo-ID of dusky dolphins was not the primary focus of this study, it is likely that not all 

individuals encountered were photographed. Additional photo-ID effort on dusky dolphins in 

Otago would help to determine if dusky dolphin individuals found further north in Kaikoura 

and Admiralty Bay also frequent Otago waters. 

Dusky dolphins are commonly sighted in waters less than 2000m deep (Würsig et al. 2007). 

Average depth of all dusky dolphin sightings on 2010-2011 effort was 25.06m (SE=1.93). Field 

work seldom traversed water deeper than 50m, since effort was concentrated alongshore.  In 

fact, effort was concentrated along shore in shallow areas and deeper waters (c. 25-50m) 

were only visited in transit to or from a survey location. This may result in a shallower average 
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depth for Otago dusky dolphin sightings than is actually the case, since their full offshore 

range was not covered. 

5.4.2 Seasonal distribution 

Dusky dolphins in Kaikoura have been found to move offshore in the winter and inshore in 

summer (Markowitz et al. 2004). When considering only inshore sightings made on effort in 

Otago, no dusky dolphins were seen inshore in the summer or fall. It is possible that Otago 

dusky dolphins have a different seasonal pattern than Kaikoura individuals. Dusky dolphins in 

South Africa have been found to have unpredictable coastal distribution patterns (Elwen et al. 

2010), indicating that a multi-year study would provide a better understanding of dusky 

dolphin distribution in Otago. 

5.4.3 Comparison of Hector’s dolphins and dusky dolphins 

Hector’s dolphin and dusky dolphin sightings overlapped in some areas, but dusky dolphin 

sightings often occurred in areas Hector’s dolphins did not frequent. In particular, the area 

south of Taiaroa Head often had dusky dolphins, as did the area between Cornish Head and 

Moeraki. Furthermore, dusky dolphin sightings were typically further from shore and made 

while off effort en route to beginning a Hector’s dolphin on effort track. The average depth of 

sightings shows a difference in depth between the two species. 

Seasonally, Hector’s dolphins spent more time inshore in spring, summer and autumn than in 

winter. Dusky dolphins spent similar amounts of time as the Hector’s dolphins inshore in 

spring and winter. However, dusky dolphins were not inshore in summer when Hector’s 

dolphins were at their highest inshore densities. These data suggest these two similarly sized 

competitors may exhibit niche differentiation as has been observed in other dolphin species 

with overlapping habitats (Elwen et al. 2009; Elwen et al. 2010). Unpredictable distribution 

patterns for dusky dolphins have been found in South Africa (Elwen et al. 2010). Therefore, it’s 

possible that use of the Otago coastline by dusky dolphins is also irregular. 
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6 Summary and conclusions 
Previous research on Hector’s dolphins along the southeast coast of the South Island of New 

Zealand suggested that 310 individuals (CI=201-478; CV=28%) were in the area from Te 

Waewae Bay to Timaru (Dawson et al. 2004). However, detailed information on Hector’s 

dolphins in Otago (Inshore Statistical Fishing Area 24) was unavailable. The main goal of this 

project was to obtain information on the distribution and abundance of Otago’s Hector’s 

dolphins. While undertaking fieldwork for Hector’s dolphin data, all other encounters with 

cetaceans were recorded. In particular, this led to detailed information on the distribution of 

dusky dolphins along the coastline. Information gathered from this research will be used to 

develop appropriate conservation measures to ensure protection of Otago’s cetaceans – in 

particular with regards to fishing and the Project Next Generation proposal by Port Otago to 

dredge the Otago Harbour deeper. 

6.1 Data collection and photo-identification 
Alongshore transects were carried out in small boats on 43 days between September 2010-

November 2011. A total of 1082 nmi were travelled while on effort and actively looking for 

dolphins. When dolphin groups were encountered, the transect line was left and photographs 

were taken of all individuals. 

Photographs of Hector’s dolphin individuals acquired in 2010-2011 surveys have been 

compiled into a photo-ID catalogue. This serves as a record of all recognisable individuals in 

the Otago area from Taieri Mouth to Oamaru. A total of 20 Hector’s dolphins were identified 

on surveys undertaken in 2010-2011. No matches were made between photographs taken in 

2010-2011 and those available from previous surveys in 1994-1996 (Bräger 1998). 

6.2 Distribution of Otago’s Hector’s dolphins 
Prior to this project, historical sightings indicated the possibility of a lack of Hector’s dolphins 

south of Taiaroa Head and a potential gap in distribution between Cornish Head and Moeraki 

Bay (Slooten et al. 2011). Surveys undertaken in 2010-2011 support that there are two general 

areas of preferred use for Hector’s dolphins in Otago: (1) Taiaroa Head to Cornish Head and 

(2) Moeraki Bay. 

Hector’s dolphins have been found to have seasonal movements at Banks Peninsula, with 

dolphins being in shallow water close to shore in summer and utilising more area offshore in 

winter (Rayment et al. 2010). On the west coast of the South Island, Hector’s dolphins have 

less distinct seasonal patterns of movement (Rayment et al. 2011). Alongshore distribution in 
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Otago varied by season, with inshore sighting rate being higher in spring (0.04 groups/nmi), 

summer (0.07 groups/nmi) and autumn (0.04 groups/nmi) than winter (0.01 groups/nmi). This 

suggests they utilise a larger area in winter, similar to what was found at Banks Peninsula, 

which includes deeper waters further from shore, decreasing the amount of time they spent 

inshore where survey effort was concentrated. 

Hector’s dolphins have been found to have an alongshore range of about 27nmi (Rayment et 

al. 2009), with less than a 1% chance of moving between the Banks Peninsula and Timaru 

areas (Fletcher et al. 2002), indicating that Hector’s dolphins have high site fidelity. 

Alongshore range (minimum home range) of resighted individuals in the Taiaroa Head to 

Cornish Head area was found to be small, with an average range of 6.16nmi, and a maximum 

distance travelled of 8.81nmi. Small, isolated Hector’s dolphin populations such as those 

found in Otago, are not likely to be replaced by individuals from other populations, 

highlighting the importance for appropriate management. 

Sightings in the Moeraki area seem to have decreased since survey effort undertaken in 1994-

1996. Detailed track information is not available for the 1994-1996 surveys, but PBR analysis 

(Wade 1998) on available data suggests that only very low levels of human-caused mortality 

(i.e. approximately one Hector’s dolphin every 25 years) is sustainable for this population. This 

level has likely been exceeded in the past 15 years due to current levels of bycatch reported in 

the area. Available bycatch records are available that document one individual caught near 

Moeraki in 1991 (Fyfe, pers. comm 2012). No sightings occurred on 2010-2011 surveys north 

of the Moeraki Bay area, where sightings had often occurred in the past. This suggests that 

the area north of the bay may be less frequented by Hector’s dolphins, but that Moeraki Bay is 

still a preferred area of use. 

6.3 Abundance of Otago’s Hector’s dolphins 
Mark-recapture methods are often used to estimate abundance of populations (e.g., Pollock 

et al. 1990). “Capturing” an identifiable animal via photography is a less invasive, less 

expensive, and generally less time-consuming way to “mark” animals (Doody 1995; Murray & 

Fuller 2000). Photo-ID was used in this study to mark and recapture animals in order to create 

a population estimate of Hector’s dolphin individuals between Taiaroa Head and Cornish 

Head. Six months of sighting data were considered for the abundance analysis, and an 

extended nine month dataset was also used in order to increase recaptures while minimising 

violations of model assumptions. 
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Not all Otago Hector’s dolphin individuals had recognisable marks. Therefore, mark-recapture 

estimates produced an abundance estimate for the marked population. “Random 

photography” allows for estimating the proportion of animals with marks, known as the mark 

rate. The mark rate can then be used to scale up the abundance estimate of the marked 

population to include all individuals in a population (Gormley et al. 2005). Using Category 1, 2, 

and 3 individuals, a mark rate of 36% (CV=12%; CI=28-45%) was found for all Otago individuals 

encountered. A similar mark rate of 37% was found for Category 1, 2, and 3 individuals at 

Porpoise Bay (Bejder & Dawson 2001). 

Three analyses were used to estimate total abundance: Chapman’s modification of the 

Lincoln-Peterson method (Chapman 1949), the Schnabel method (Schnabel 1938), and the 

Huggins closed capture method (Huggins 1989). These are all closed population models, so 

have the same four assumptions: (1) the population is closed to births, deaths, immigration 

and emigration, (2) individuals do not gain or lose marks, (3) all marked individuals are 

accurately identified, and (4) there is an equal capture probability for all individuals (Seber 

1982). Two datasets were used for abundance analyses – sighting histories from six and nine 

months of fieldwork. All analyses produced similar values for total population size. We take 

the model-averaged Huggins closed capture model results of the nine month dataset to be the 

best estimate of abundance of individuals between Taiaroa Head and Cornish Head 

( ̂       CV=44%; CI=19-100), since it provided the most informative estimate while 

accounting for model and parameter uncertainty. 

6.4 Distribution of dusky dolphins in Otago 
Dusky dolphins are distributed around the southern hemisphere, largely around South 

America, Africa and New Zealand (Würsig et al. 2007). In New Zealand, populations have been 

studied at Kaikoura and Admiralty Bay (Würsig et al. 2007). Dusky dolphins have not been 

previously studied extensively in Otago. This study provides insight into dusky dolphin 

distribution along the Otago coast. 

Distribution of a species is affected by numerous factors such as prey availability (e.g., 

Karczmarski et al. 2000; Croll et al. 2005), predators in an area (Heithaus 2001; Acevedo-

Gutiérrez 2002; Heithaus & Dill 2002), and competition with other species (e.g., Ebensperger 

& Botto-Mahan 1997). Research in Santa Monica Bay, California, USA has shown resource 

partitioning between three different dolphin species with similar ecological needs (Bearzi 

2005). Since Hector’s dolphins and dusky dolphins are similarly sized, they might compete for 
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the same resources, resulting in niche differentiation (e.g., Roughgarden 1976) within the 

Otago habitat. 

Dusky dolphins were encountered throughout the study area, including the areas used by 

Hector’s dolphins, but dusky dolphins often occurred south of Taiaroa Head and between 

Cornish Head and Moeraki Bay, where no Hector’s dolphins were encountered. No encounters 

were made with both species present. A cluster of sightings occurred at Cape Saunders (south 

of Taiaroa Head) where significant upwelling could be creating a nutrient rich area, supporting 

a high concentration of food (Croll et al. 2005; Elwen et al. 2010). The area between Cornish 

Head and Moeraki Bay had no Hector’s dolphin sightings, but frequent dusky dolphin 

sightings. This area has large kelp beds (Fyfe & Israel 1996), which have been shown to be a 

preferred feeding area for Peale’s dolphins in Chile (Lagenorhynchus australis; Viddi & 

Lescrauwaet 2005). Dusky dolphins could be utilising areas outside those used by Hector’s 

dolphins in order to reduce competition for similarly sized prey items. 

There was a difference between average depths of encounters for Hector’s dolphins and 

dusky dolphins in Otago. Hector’s dolphin sightings were inshore, in shallow waters with an 

average depth of 7.62m (SE=0.67), while dusky dolphins were encountered in deeper waters 

25.06m (SE=1.93), on average. Dusky dolphins in other areas have been found in water depths 

up to about 2000m (Würsig et al. 2007). Survey effort was rarely carried out in water deeper 

than 50m during 2010-2011 surveys, so it is possible that Otago’s dusky dolphins utilise waters 

deeper than those encounters made during this study. Regardless, Hector’s dolphin sightings 

occurred in shallower waters than dusky dolphin sightings, which further suggests 

differentiation in utilisation of the Otago coastal habitat by these two species. 

There were seasonal differences in the pattern of distribution of Hector’s dolphins and dusky 

dolphins throughout the Otago study area. Sightings of dusky dolphins occurred in all seasons, 

but only close to shore in shallow water in spring and winter. Hector’s dolphins and dusky 

dolphins appeared to both use inshore areas in spring, but dusky dolphins did not utilise 

inshore waters in summer or autumn. In summer, dusky dolphin sightings only occurred 

offshore, when inshore Hector’s dolphin sightings were highest. There appears to be a 

different pattern of use between these two species, potentially to reduce competition over 

similar resources on a seasonal basis. 

6.5 Management implications 
Coastal cetaceans are at high risk of anthropogenic impacts (Brownell et al. 1989). The 

Hector’s dolphin threat management plan (DoC & MFish 2007) serves to reduce human 
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impacts on this endemic and endangered species. However, the Hector’s dolphin threat 

management plan lacks a strategy for reducing human impacts on Otago’s Hector’s dolphins, 

largely because little information was available on Otago individuals at the time of producing 

the report. New information resulting from this study regarding the distribution and 

abundance of Hector’s dolphins in Otago (Statistical Fishing Area 24) can be used to develop 

appropriate local management of this species. In particular, the two areas with high Hector’s 

dolphin activity (Taiaroa Head to Cornish Head and Moeraki Bay) should be considered for 

increased protection. 

6.5.1 Dredging of Otago Harbour 

Port Otago has proposed Project Next Generation which would increase dredging of the Otago 

Harbour and deposit the additional spoils offshore at a site named A0 (Bell et al. 2009). 

Further development of the Project Next Generation proposal should take into account new 

information gained from this study in order to reduce impacts on sensitive cetacean species in 

or near the affected area. Historical sighting information and data gathered from this study 

both show that the area between Taiaroa Head and A0 is used by Hector’s dolphins (Figure 

6.1). The large number of sightings at Taiaroa Head does not necessarily represent increased 

Hector’s dolphin activity, but rather increased monitoring by regular trips taken by Monarch 

wildlife cruises. Similarly, the scarce sightings closer to A0, are representative of less sighting 

effort further offshore. Regardless, the number of sightings around A0 does indicate that this 

area is utilised by Hector’s dolphins. 

Hector’s dolphins would likely be sensitive and vulnerable to disruptions in their habitat. 

Increased boat traffic from the Otago Harbour mouth to and from the proposed dumping site 

(A0) would be expected during capital dredging for Project Next Generation. Furthermore, the 

impact of depositing spoils at A0 is likely to have ecological consequences (Jefferson et al. 

2009), which may affect species such as the small and localised Hector’s dolphin population 

off Taiaroa Head. Deposited spoils will be pushed by the presiding ocean currents until they 

settle to the sea bed floor. It is expected that the spoil plume could reach as far north as 

Cornish Head (Bell & Reeve 2010). More research is needed in order to monitor cetacean 

behaviour before, during and after dredging to see if there is a change due to either the direct 

or indirect effects of dredging. In addition, long term effects of dredging on cetaceans must be 

monitored in order to provide data from which to develop appropriate management. 
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Figure 6.1 The proposed dumping site (A0) of dredging spoils from Project Next Generation with available 
Hector’s dolphin sightings. Sightings are not adjusted for effort. 

6.5.2 Impacts of fishing 

Several sources of information indicate that Hector’s dolphin bycatch has occurred on a 

continual basis between Moeraki and Oamaru. Bräger (1998) suggested that these individuals 

were possibly in danger of extinction due to set net and fishing mortality. In informal 

conversations, Moeraki locals and fishers have talked of the incidental bycatch of Hector’s 

dolphins in both commercial and recreational fisheries (Anonymous, pers. comm.). Bycatch 

reports from the Department of Conservation are available which state that five individuals 

have been caught in Otago between 1991 and 2005 – one of which was in the Moeraki area, 

and the other four were closer to Blueskin Bay (Jim Fyfe, pers. comm 2012). While the number 

of Hector’s dolphins caught is not known, the level of sustainable bycatch for such a small 

population is very low (Slooten & Dawson 2008). 

Potential biological removal (PBR) is frequently used to calculate the level of human-caused 

mortality a population can sustain. The PBR formula (Wade 1998) is: 

          
 

 
         6-1 

where      is the minimum population estimate,      is the maximum reproductive rate, 

and    is a recovery factor between 0.1 and 1. Potential biological removal analysis has been 

carried out for Hector’s dolphin populations around New Zealand. The sustainable levels of 

human-caused mortality for each population were often less than one individual per year 

(Slooten & Dawson 2008). A single human-caused mortality would exceed the allowable limit. 

These analyses used            (Slooten & Lad 1991), and the most conservative value of 

      , as is recommended for endangered species (Wade 1998). 
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Sixteen individuals with Category 1, 2, and 3 marks were identified during fieldwork in 1994-

1996. This can be considered the minimum population estimate for the Moeraki area at that 

time. Scaling this estimate by the mark rate of 36% obtained in this study (See Chapter 4), a 

minimum total population size (    ) of 44 individuals in the Moeraki area in 1994-1996. 

Using                    and        in Equation 6-1, the level of sustainable 

human-caused mortality is one animal every 25 years. Similar analysis with the abundance 

estimate found in this study for the individuals that use the area between Taiaroa Head and 

Cornish Head results in a PBR of one animal approximately every 36 years for this area. This 

level of removal has been exceeded, further highlighting the need for proper management.  

6.6 Improvements to this study 
Improvements can be made to this study which would serve to improve the accuracy and 

precision of results. First, five different vessels were used to carry out fieldwork. Using the 

same vessel for all fieldwork would decrease biases introduced into the study due to 

variability between boats (e.g., length, draft, engine acoustics, and visibility). Second, many 

field assistants were initially inexperienced in protocol and also unable to assist in repeated 

surveys. It would be desirable to have consistent field assistants to minimise variation in field 

practices. Third, this study analysed approximately one year of data. It is not possible to know 

if 2010-2011 was a typical year, and is truly representative of local population dynamics. While 

there is no indication that 2010-2011 was abnormal, a multi-year study would be needed to 

detect annual fluctuations, and present a more accurate overall picture. 

6.7 Future research 
Information on Otago’s Hector’s dolphins was minimal prior to this project. Surveys in 2010-

2011 have provided baseline data on local abundance and distribution. Future research could 

include application of an open population model to multiple years of fieldwork (e.g., Gormley 

et al. 2005). In particular, several years of photo-ID work would allow for a robust design of an 

open population model, to better estimate abundance. 

Bayesian methods have previously been used in cetacean studies to generate abundance and 

survival estimates (Chavez-Demoulin 1999; King & Brooks 2008). A Bayesian analysis could 

lead to a more informative population estimate for Otago’s Hector’s dolphins, since sighting 

data was sparse for this small population. Bayesian methods can incorporate prior knowledge 

to generate meaningful estimates when data is limited (Ellison 1996). 

The approximate level of additional effort required to achieve a targeted CV around the 

population estimate can be determined as described in Buckland (1993; p.303). The 
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coefficient of variation of the abundance estimate for Hector’s dolphins from Taiaroa Head to 

Karitane was 44%, indicating low precision. In order to increase precision to a target CV of 

10%, a total of 20945 on effort nautical miles would be required – or 20 times the on effort 

nautical miles travelled in this study. If a 20% CV is desired, the required fieldwork is 

decreased to 5236 on effort nautical miles – or approximately five times the fieldwork carried 

out in this study. If a 30% CV is allowed, 2327 on effort nautical miles must be travelled – or 

approximately two times the level of fieldwork carried out on 2010-2011 surveys. To improve 

the reliability of results, more fieldwork could be undertaken to achieve the desired level of 

precision. 

Population viability analysis of Hector’s dolphins show that in populations with less than 100 

individuals, extinction is likely even if bycatch or other non-natural causes of death are low 

(Slooten 2007). The current level of bycatch in Otago is unknown, but it is known to occur 

(Anonymous, pers. comm.). With small, highly localised populations, even small amounts of 

bycatch are unsustainable (Slooten & Dawson 2008). Determining the level of Hector’s dolphin 

bycatch in Otago would ultimately assist in developing management to avoid the extinction of 

the small and potentially isolated Hector’s dolphin populations in Otago. 
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Appendix A. Random temperatures taken in areas with no Hector’s dolphins on 2010-2011 surveys in Otago, New Zealand. 

Date Time Latitude Longitude Locality Depth Temp Beaufort Swell Sight 

2011-01-11 9:01:00 -45.8986 170.7100 Cape Saunders n/a 14.6 n/a n/a n/a 

2011-01-26 8:30:37 -45.7438 170.6897 Blueskin Bay 20.1 14 0 1 4 

2011-02-03 9:36:17 -45.4925 170.8145 Shag Point 10 13.9 1 0.5 4 

2011-02-04 9:46:42 -45.4009 170.8718 Moeraki 18 14.3 1 0.5 4 

2011-02-09 16:05:52 -45.6978 170.6955 Blueskin Bay 23.9 13.7 2 0.5 3 

2011-02-25 3:05:02 -45.7069 170.6118 Blueskin Bay 7.5 14.2 2 0.5 3 

2011-03-13 13:36:00 -45.7919 170.5836 n/a 6.2 15.9 1 0.3 4 

2011-03-16 9:25:00 -45.5962 170.7042 Karitane 10 14 1 1.5 3 

2011-03-31 2:33:30 -45.7575 170.7096 Taiaroa Head 12.2 14.4 2 2 1 

2011-05-05 10:07:07 -45.4580 170.8527 Shag Point 23.5 11.2 2 1 3 

2011-05-20 10:50:34 -45.2244 170.8927 Moeraki 6.6 10.3 1 0.8 7 

2011-05-21 11:03:37 -45.6379 170.6774 Karitane 13.9 10.3 0 0 4 

2011-05-22 8:59:56 -45.7436 170.6889 Blueskin Bay 20.8 11.4 1 0.3 4 

2011-05-30 10:09:30 -45.7437 170.6888 Blueskin Bay 18.9 11 1 0.2 4 

2011-06-02 10:16:46 -45.5748 170.7507 Moeraki 16.4 11 1 0.5 3 

2011-06-07 10:55:26 -45.6493 170.6731 Karitane 13.7 11 0 0.5 4 

2011-06-08 14:03:55 -45.3647 170.8761 Moeraki 14 11 1 0.2 3 

2011-06-09 12:53:44 -45.9408 170.3776 Green Island 10 11 2 0.5 3 

2011-06-17 9:16:53 -45.6475 170.6787 Karitane 13.2 10 2 1.5 3 

2011-06-27 10:25:54 -45.8731 170.7524 Peninsula 32.6 10.5 2 1.5 2 

2011-07-19 14:22:54 -46.0696 170.2390 Taieri Mouth 23.7 9 1 0.2 4 

2011-07-20 9:34:58 -45.2235 170.8849 Moeraki 5.1 8 1 0.4 4 

2011-07-21 14:22:33 -45.6221 170.6940 Karitane 8.5 9 1 1 3 

2011-08-02 12:10:59 -45.1134 170.9917 Oamaru 8.8 10 0 0.2 4 

2011-08-03 11:32:21 -46.0659 170.2254 Taieri Mouth 10 10 0 0.3 4 

2011-08-05 10:31:09 -45.4745 170.8379 Shag Point 15.2 9 1 0.5 3 

2011-08-12 13:08:10 -45.2750 170.8879 Moeraki 19 9 2 1 3 

2011-08-22 11:42:28 -45.4818 170.8355 Shag Point 13.8 9 2 0.5 0.5 

2011-08-24 10:51:29 -45.2868 170.8632 Moeraki 11.7 9 1 0.2 4 

2011-08-26 10:32:03 -45.4843 170.8419 Shag Point 19.6 9 1 0.3 3 

2011-09-23 9:14:29 -45.4041 170.8690 Moeraki n/a 9.5 1 0.5 3 

2011-09-28 10:31:15 -45.2816 170.8773 Moeraki 16.8 11 1 0.4 3 

2011-10-04 9:23:37 -45.4003 170.8831 Moeraki 13.1 9 2 0.5 2 

2011-10-09 10:46:00 -45.1087 170.9863 Oamaru 7.5 10.5 1 1 4 

2011-11-01 10:27:58 -46.0239 170.2399 Taieri Mouth n/a 14 1 0.2 3 

2011-11-22 10:51:24 -45.3589 170.8404 Moeraki 3.4 12.3 1 0.3 4 
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Appendix B. Spring sighting rate (groups/nmi) for Hector’s dolphins on 2010-2011 surveys in Otago, New 
Zealand. 

Area Number of groups Effort (nmi) Groups/nmi 

18 NA 0 NA 

19 0 2.78 0 

20 0 4.04 0 

21 0 8.66 0 

22 NA 0 NA 

23 0 1.95 0 

24 0 4.47 0 

25 0 23.24 0 

26 3 17.45 0.17 

27 1 15.49 0.06 

28 0 17.72 0 

29 0 16.9 0 

30 0 8.15 0 

31 0 9.06 0 

32 0 10.32 0 

33 0 12.62 0 

34 0 13.10 0 

35 2 11.83 0.17 

36 3 5.75 0.52 

37 0 5.05 0 

38 0 3.11 0 

39 0 2.98 0 

40 0 3.00 0 

41 0 2.58 0 
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Appendix C. Summer sighting rate (groups/nmi) for Hector’s dolphins on 2010-2011 surveys in Otago, New 
Zealand. 

Area Number of groups Effort (nmi) Groups/nmi 

18 NA 0 NA 

19 NA 0 NA 

20 NA 0 NA 

21 NA 0 NA 

22 0 0.66 0 

23 0 3.03 0 

24 0 2.78 0 

25 0 26.18 0 

26 1 22.52 0.04 

27 4 16.22 0.25 

28 1 14.13 0.07 

29 0 7.88 0 

30 0 2.61 0 

31 0 3.14 0 

32 0 5.58 0 

33 0 5.18 0 

34 0 5.07 0 

35 1 7.61 0.13 

36 0 5.13 0 

37 2 6.42 0.31 

38 0 4.06 0 

39 NA 0 NA 

40 NA 0 NA 

41 NA 0 NA 
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Appendix D. Autumn sighting rate (groups/nmi) for Hector’s dolphins on 2010-2011 surveys in Otago, New 
Zealand. 

Area Number of groups Effort (nmi) Groups/nmi 

18 NA 0 NA 

19 NA 0 NA 

20 NA 0 NA 

21 NA 0 NA 

22 NA 0 NA 

23 0 4.66 0 

24 0 3.28 0 

25 0 34.74 0 

26 1 28.06 0.04 

27 0 26.02 0 

28 1 27.48 0.04 

29 3 29.38 0.10 

30 0 12.64 0 

31 0 12.25 0 

32 0 12.2 0 

33 0 7.78 0 

34 0 7.81 0 

35 3 12.73 0.24 

36 0 6.5 0 

37 1 6.65 0.15 

38 0 4.47 0 

39 NA 0 NA 

40 NA 0 NA 

41 NA 0 NA 
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Appendix E. Winter sighting rate (groups/nmi) for Hector’s dolphins on 2010-2011 surveys in Otago, New 
Zealand. 

Area Number of groups Effort (nmi) Groups/nmi 

18 0 7.1 0 

19 0 9.11 0 

20 0 11.88 0 

21 0 33.56 0 

22 0 21.65 0 

23 0 16.4 0 

24 0 18.56 0 

25 1 53.63 0.02 

26 1 37.08 0.03 

27 0 31.89 0 

28 4 36.6 0.11 

29 0 41.92 0 

30 0 24.07 0 

31 0 26.95 0 

32 0 25.14 0 

33 0 12.86 0 

34 0 12.96 0 

35 0 18.85 0 

36 1 15.59 0.06 

37 0 12.64 0 

38 0 7.65 0 

39 0 5.66 0 

40 0 5.95 0 

41 0 4.85 0 
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Appendix F. Sighting details for all Hector’s dolphin encounters on 2010-2011 surveys in Otago, New Zealand. 

Date Encounter Start Time Start Lat. Start Long. Stop Time Locality Group Size Calves Depth Temp Beaufort Swell Sight 

2010-09-11 1 10:51:08 -45.7322 170.6187 11:01:58 Blueskin Bay 2 0 8 9.2 1 1.5 4 

2010-09-11 2 11:07:12 -45.7179 170.6091 11:15:32 Blueskin Bay 7 0 6.5 9.1 0 1 4 

2010-11-12 3 8:59:14 -45.7207 170.6133 9:22:38 Blueskin Bay 10 0 10.8 14.1 1 0.25 4 

2010-11-12 4 9:33:26 -45.6954 170.6244 9:39:12 Blueskin Bay 1 0 14 14.5 1 0.5 4 

2011-01-11 5 10:37:49 -45.6944 170.6226 10:53:45 Karitane 2 0 10.5 15.7 1 0.2 4 

2011-02-03 6 10:56:00 -45.2693 170.8658 10:58:00 Moeraki 1 0 6 14.4 1 0.5 3 

2011-02-03 7 11:05:05 -45.2627 170.8675 11:15:20 Moeraki 2 0 9 14.3 2 1 3 

2011-02-04 8 8:12:19 -45.3550 170.8414 8:16:52 Moeraki 2 0 4.8 14.3 1 0.5 4 

2011-02-05 9 8:50:13 -45.6999 170.6186 9:07:44 Blueskin Bay 6 0 11.5 14.5 1 0.25 4 

2011-02-05 10 9:19:05 -45.6767 170.6515 9:23:49 Blueskin Bay 3 0 15.5 14.5 1 0.25 4 

2011-02-09 11 12:47:15 -45.7193 170.6100 13:03:49 Blueskin Bay 6 1 6 n/a 2 0.5 2 

2011-02-09 12 13:12:49 -45.7033 170.6161 13:16:49 Blueskin Bay 2 0 9.9 n/a 1 0.2 4 

2011-02-25 13 15:34:21 -45.6321 170.6723 15:38:51 Karitane 1 0 10.7 n/a 3 0.5 3 

2011-03-13 14 11:09:00 -45.6245 170.6650 11:28:00 Karitane 9 0 2.7 14.6 1 0 4 

2011-03-13 15 12:14:19 -45.7244 170.6046 13:11:56 Blueskin Bay 15 1 2.2 14.8 0 0 4 

2011-03-16 16 9:55:00 -45.6220 170.6736 10:19:00 Karitane 7 0 9.7 13 1 1.5 3 

2011-03-31 17 13:26:48 -45.6212 170.6704 13:29:07 Karitane 1 0 7.3 14 1 1 3 

2011-05-20 18 9:26:31 -45.3562 170.8408 9:33:15 Moeraki 1 0 4 10.7 1 0 4 

2011-05-20 19 9:38:07 -45.3433 170.8325 9:54:16 Moeraki 3 1 5.5 10.6 0 0.2 4 

2011-05-20 20 10:09:21 -45.2939 170.8445 10:26:00 Moeraki 3 0 5.4 10.5 1 1 4 

2011-05-22 21 9:45:00 -45.6161 170.6869 9:57:43 Karitane 1 0 7.7 10.6 1 0.5 4 

2011-05-30 22 13:11:25 -45.3501 170.8323 13:27:43 Moeraki 2 0 5.8 11 1 0.2 4 

2011-06-02 23 9:36:15 -45.6354 170.6690 9:50:51 Karitane 1 0 10 11 1 0.5 4 

2011-06-07 24 11:34:27 -45.7212 170.6122 11:58:30 Blueskin Bay 3 0 9 n/a 2 1 2 

2011-06-07 25 12:25:11 -45.7543 170.6666 12:32:00 Blueskin Bay 1 0 15 n/a 2 1 2 

2011-08-02 26 15:20:02 -45.6343 170.6705 15:52:52 Karitane 1 0 16.9 9 0 0 4 

2011-08-05 27 11:52:19 -45.6262 170.6654 11:59:00 Karitane 1 0 4.6 8 1 0.5 4 

2011-08-12 28 8:48:08 -45.7567 170.7572 9:26:58 Taiaroa Head 10 0 n/a 9 2 1.5 2 

2011-08-12 29 13:29:35 -45.3205 170.8328 13:34:00 Moeraki 1 0 8.8 9 2 1 3 

2011-08-24 30 13:01:09 -45.6266 170.6656 13:16:25 Karitane 1 0 5.4 9 1 0.2 4 

2011-09-28 31 11:12:55 -45.3364 170.8290 11:23:47 Moeraki 1 0 4.5 12 1 0.4 4 

2011-10-09 32 8:08:10 -45.3592 170.8407 8:18:19 Moeraki 1 0 2.4 9.7 1 0.2 4 

2011-10-09 33 8:27:00 -45.3418 170.8299 8:43:45 Moeraki 4 0 2.3 9.8 1 0.5 4 

2011-10-09 34 8:55:00 -45.3124 170.8368 9:15:20 Moeraki 3 0 3.7 10.2 1 0.5 4 

2011-10-09 35 9:20:00 -45.3045 170.8378 9:36:50 Moeraki 5 1 3.1 10.1 1 1 4 
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Appendix G. Sighting details for all dusky dolphin encounters on 2010-2011 surveys in Otago, New Zealand. 

Date Encounter Start Time Start Latitude Start Longitude Locality Group Size Calves Depth (m) Temp (°C) Beaufort Swell (m) Sight 

2011-01-11 1 9:50:00 -45.8809 170.7425 Peninsula 30 n/a n/a n/a n/a n/a n/a 

2011-05-05 2 n/a -45.4479 170.8528 Moeraki 5 n/a n/a n/a n/a n/a n/a 

2011-05-20 3 n/a -45.2863 170.9147 Moeraki 10 n/a n/a n/a n/a n/a n/a 

2011-05-23 4 11:40:00 -45.5303 170.8079 Moeraki 4 n/a n/a n/a n/a n/a n/a 

2011-05-30 5 12:18:09 -45.4906 170.8170 Moeraki 5 0 12.5 n/a 2 1 3 

2011-05-30 6 13:50:22 -45.3799 170.9040 Moeraki 3 0 25 n/a n/a n/a 3 

2011-05-30 7 14:03:00 -45.4321 170.9202 Moeraki 3 0 n/a n/a n/a n/a n/a 

2011-06-02 8 13:09:58 -45.3999 170.8735 Moeraki 1 0 n/a n/a 2 1 3 

2011-06-09 9 8:40:00 -45.7491 170.7723 Taiaroa Head 6 0 21 11 2 0.5 3 

2011-06-09 10 9:55:00 -45.8768 170.7506 Peninsula 8 2 40.1 11 2 0.5 3 

2011-06-17 11 10:17:24 -45.7460 170.6942 Blueskin Bay 4 0 13.7 10 1 0.5 4 

2011-06-27 12 10:25:54 -45.8731 170.7524 Peninsula 5 1 32.6 10.5 2 1.5 2 

2011-06-27 13 10:51:51 -45.8641 170.7572 Peninsula 2 0 19.1 10.5 2 1.2 2 

2011-06-27 14 10:57:55 -45.8472 170.7594 Peninsula 2 0 14.5 10.5 2 1 3 

2011-08-03 15 9:50:00 -45.8512 170.7595 Peninsula 5 0 15.1 11 0 0.5 4 

2011-08-03 16 10:02:22 -45.8653 170.7634 Peninsula 10 0 35.7 11 1 1 4 

2011-08-03 17 12:14:32 -45.9662 170.3035 Brighton 3 1 16.5 10 0 0.4 4 

2011-08-03 18 12:34:02 -45.9563 170.3315 Brighton 2 0 10.8 10 0 0.1 4 

2011-08-03 19 12:43:41 -45.9452 170.3600 Brighton 3 0 12.5 9 0 0.5 4 

2011-08-03 20 13:02:16 -45.9396 170.4038 Green Island 3 0 18 10 1 0.5 4 

2011-08-12 21 11:18:02 -45.5516 170.8202 Shag Point 1 0 35.9 10 1 1 3 

2011-08-22 22 10:19:22 -45.6812 170.8168 n/a 10 0 32 9.5 1 1.5 3 

2011-08-22 23 11:23:00 -45.5190 170.8472 n/a 4 0 n/a 9 1 1 1 

2011-08-24 24 9:40:56 -45.5580 170.8227 Shag Point 4 0 36.9 9 1 0.2 4 

2011-08-24 25 9:56:57 -45.5293 170.8462 Shag Point 5 0 32 9 1 0.2 4 

2011-08-24 26 10:20:00 -45.4207 170.8652 Shag Point 2 0 24.3 9 2 0.4 3 

2011-08-26 27 13:15:29 -45.8714 170.7514 Peninsula 6 1 34.5 9 3 1 2 

2011-09-23 28 7:46:55 -45.6064 170.7915 Shag Point 5 0 35.5 11 1 0.5 3 

2011-09-23 29 8:01:17 -45.5904 170.8005 Shag Point 6 0 35.3 10 1 0.5 3 

2011-09-23 30 8:20:03 -45.5437 170.8335 Shag Point 6 0 n/a 10 1 0.5 3 

2011-09-23 31 8:47:00 -45.4963 170.8539 Shag Point 5 0 n/a 10 1 0.5 3 

2011-09-23 32 10:17:50 -45.5865 170.7487 Karitane 8 0 n/a 10 1 0.5 3 

2011-10-04 33 10:14:15 -45.5214 170.7878 Shag Point 4 0 13.1 9 2 0.5 2 

2011-10-04 34 10:58:20 -45.5967 170.7343 Karitane 1 0 20.6 10 1 0.3 3 

2011-10-04 35 11:36:50 -45.6537 170.6627 Blueskin Bay 9 0 16 11 1 0.25 4 
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2011-10-04 36 12:06:20 -45.6715 170.6627 Blueskin Bay 2 0 19 11 1 0.25 4 

2011-10-04 37 12:16:10 -45.6804 170.6470 Blueskin Bay 3 0 15.6 11 1 0.25 4 

2011-10-09 38 11:07:56 -45.1534 170.9551 Moeraki 15 0 15 10 2 1 3 

2011-11-01 39 8:06:42 -45.9107 170.6410 Peninsula 8 0 52.4 13 0 0.2 4 

2011-11-01 40 9:27:44 -46.1356 170.2054 Taieri Mouth 6 0 41.3 14 1 0.3 4 

2011-11-01 41 9:55:49 -46.0323 170.3022 Taieri Mouth 2 0 35.8 14 1 0.5 4 

2011-11-01 42 10:07:00 -46.0403 170.2886 Taieri Mouth 3 0 33.4 14 2 0.5 3 

2011-11-01 43 10:39:53 -45.9917 170.2735 Taieri Mouth 6 0 11.2 13 2 0.2 4 
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Appendix H. Spring sighting rate (groups/nmi) for dusky dolphins on 2010-2011 surveys in Otago, New Zealand. 

Area Number of groups Effort (nmi) Groups/nmi 

18 NA 0 NA 

19 0 2.78 0 

20 2 4.04 0.5 

21 2 8.66 0.23 

22 NA 0 NA 

23 1 1.95 0.51 

24 0 4.47 0 

25 0 23.24 0 

26 1 17.45 0.06 

27 0 15.49 0 

28 0 17.72 0 

29 0 16.9 0 

30 0 8.15 0 

31 0 9.06 0 

32 0 10.32 0 

33 0 12.62 0 

34 0 13.10 0 

35 0 11.83 0 

36 3 5.75 0 

37 0 5.05 0 

38 0 3.11 0 

39 0 2.98 0 

40 0 3.00 0 

41 0 2.58 0 
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Appendix I. Winter sighting rate (groups/nmi) for dusky dolphins on 2010-2011 surveys in Otago, New Zealand. 

Area Number of groups Effort (nmi) Groups/nmi 

18 0 7.1 0 

19 1 9.11 0.11 

20 0 11.88 0 

21 0 33.56 0 

22 1 21.65 0.05 

23 0 16.4 0 

24 0 18.56 0 

25 0 53.63 0 

26 0 37.08 0 

27 2 31.89 0.06 

28 1 36.6 0.03 

29 2 41.92 0.05 

30 0 24.07 0 

31 1 26.95 0.04 

32 0 25.14 0 

33 0 12.86 0 

34 0 12.96 0 

35 0 18.85 0 

36 0 15.59 0 

37 0 12.64 0 

38 0 7.65 0 

39 0 5.66 0 

40 0 5.95 0 

41 0 4.85 0 



 
 

 


