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Abstract 

Abstract 

Male sperm whales (Physeter macrocephalus) can be found year-round within a 

few nautical miles off the coast of Kaikoura, New Zealand. Systematic sighting 

surveys were carried out in 2007, contributing to the long-term study of these 

individuals. The combined data (spanning 17 years of research) include 

information from 4,845 encounters with sperm whales. The objectives of this 

study were to create a relational database to handle the large amounts of 

encounter and photographic data, and to analyse the long-term data for trends 

in abundance and related population parameters. An existing film-based fluke 

catalogue was digitised and updated. The new digital catalogue, encounter 

data, daily encounter photographs, sound recording information, and boat 

track data were integrated into a relational database that can be used to search 

for specific information in the long-term dataset. 

A total of 232 individuals (comprising 112 returning residents and 120 

transients) were identified over the entire study period. Mark-recapture 

estimates indicated that abundance of sperm whales in Kaikoura waters has 

declined significantly from 97 individuals (95% CI: 62 to 153) in 1991 to 46 

individuals (95% CI: 36 to 60) in 2007. Similarly, annual abundance of the 

resident portion of the population declined significantly from 89 individuals 

(95% CI: 62 to 128) in 1991 to 50 individuals (95% CI: 40 to 62) in 2007. Pradel's 

reverse-time capture-recapture models were used to assess changes in 

population growth rate in relation to recruitment (addition of individuals 

through immigration) and 'apparent' survival rates (removal of individuals 

through emigration and death). Apparent survival was found to contribute 8-9 

times more to changes in population growth rate; however there were no 

detectable trends in survival or recruitment which can be related to the decline 

in abundance. There are several factors that could explain a change in the 
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number of individuals coming into Kaikoura's coastal waters, and these have 

been discussed. In conclusion, the apparent decline in abundance, combined 

with our limited knowledge of the cause of the decline suggests that a cautious 

management approach is warranted. 
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Chapter 1: General Introduction 

1.1. Sperm whale biology 

Sperm whales (Physeter macrocephalus) belong to the mammalian order Cetacea, 

derived from the Latin word "cetus" (large sea animal) and the Greek word 

"ketos" (sea monster) (Rice, 1989). This order is collectively made up of whales, 

dolphins and porpoises, of which there are 83-88 extant species and 41 sub

species (Rice, 1998; Perrin et al., 2002; Reeves et al., 2003). Modern cetaceans are 

further divided into two suborders; Mysticeti (baleen whales) and Odontoceti 

(toothed whales, which includes sperm whales, beaked whales, dolphins and 

porpoises). A third suborder, Archaeoceti, is extinct and considered ancestral to 

the other two (Fordyce et al., 1994). 

Sperm whales are the largest of the odontocetes (Rice, 1998; Whitehead, 2003). 

Mature males grow to a maximum of 18.3 metres and weigh up to 57 tonnes, 

while females reach up to 12.5 metres and seldom exceed 15 tonnes; making 

sperm whales the most sexually dimorphic whales (Whitehead, 2003). Sperm 

whales are notable for having a large blunt head which takes up one quarter to 

one third of their total body length (Rice, 1998; Whitehead, 2003). Inside this 

large head is a spermaceti organ which contains a large reservoir of spermaceti 

oil. Spermaceti oil was thought by early whalers to resemble semen, leading to 

the common name "sperm whale" for the species (Rice, 1989; 1998). 

Sperm whales are also distinguished by their ability to perform deep and 

prolonged dives. Sperm whales typically dive for 40-50 minutes (with an 

average surface interval of nine minutes between dives) (Jaquet et al., 2000) and 

to depths of 400 to 1200 meters (Watwood et al., 2006). During dives sperm 

whales are highly vocal, producing sharp broadband clicks at an average of 1-2 

clicks per second (Backus and Schevill, 1966; Douglas et al., 2005). These clicks 
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are projected forwards from the whale's head and have the loudest sound 

pressures recorded from a biological source (M0hl et al., 2003). Sperm whale 

clicks are highly directional and function as a long-range biosonar, assisting the 

whales in locating prey during feeding dives (Jaquet et al., 2001; M0hl et al., 

2003; Watwood et al., 2006). The bulk of the sperm whales' diet consists of 

mesobathypelagic squid and fishes (Gaskin and Cawthorn, 1967; Rice, 1989; 

Whitehead, 2003). 

Sperm whales have an extensive distribution throughout the world's deep 

oceans; ranging from the equator to the edges of the polar pack ice in both 

hemispheres (Rice, 1989) (Figure 1.1). Sperm whales are frequently concentrated 

in areas that are thought to be highly productive, such as over the edges of 

continental shelves (e.g. Bannister, 1967; Whitehead et al., 1992) and in areas of 

converging or diverging water masses (e.g. Gaskin, 1973) (Figure 1.1). These 

sperm whale "grounds" are assumed to provide an abundance of food for the 

whales (Rice, 1989). 

The global distribution of mature male and female sperm whales differs 

markedly. Females and juveniles are generally confined to tropical and 

subtropical breeding grounds at latitudes below 40-50° (Rice, 1989) (Figure 1.1). 

In these areas, females and calves form nursery groups which consist of closely 

related individuals that display cooperative behaviour and form close social 

bonds (Christal et al., 1998; Coakes and Whitehead, 2004). Males leave their 

nursery group at around six years of age and form loose bachelor groups of 

pubertal and sexually mature individuals (Best, 1979; Richard et al., 1996). Little 

is known about the social structure of bachelor groups, although males in these 

groups do not appear to form long term associations or preferred 

companionships (Letteval et al., 2002). 
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Bachelor groups have a broad global distribution which extends from the 

tropical breeding grounds to the edges of the polar pack ice (Rice, 1989) (Figure 

1.1 ). 

Figure 1.1. Global sperm whale distribution, indicating the location of major sperm 
whale 'grounds'. The dashed lines indicate the extent of female and juvenile 
sperm whales (from Whitehead and Nicklin, 1995). 

Mature males spend most of their lives segregated from females; they visit 

nursery groups only for mating (Rice, 1989). Males begin breeding at about 26 

years of age (Lockyer, 1981), although not all mature males take part in 

breeding (Whitehead and Arnbom, 1987). Males that do breed use a "searching 

strategy" to move among different groups of females (Whitehead and Arnbom, 

1987). Each female only produces an estimated four calves throughout her life 

time (Best et al., 1984); sperm whales have one of the lowest reproductive rates 

among mammals (Whitehead, 2003). 

1.2. Sperm whales and humans 

Since the early l81
h Century, sperm whales have been commercially exploited 

(Gosho et al., 1984). This exploitation dates back to 1712 and was primarily 

driven by a demand for the whales' spermaceti oil, oil obtained from their 
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blubber, and their meat (Rice, 1989, 1998). Commercial hunting of sperm whales 

comprises two key periods; "open boat whaling" and "modern whaling". Open 

boat whaling began in 1772, developed through the 18th and 19th centuries, and 

virtually ceased in 1880 (Rice, 1989, 1998). 

Modern whaling developed in the early 1900s, reached its peak in the 1950s to 

1960s, and ended in 1988 due to the establishment of a global moratorium on 

commercial whaling and a reduction in the price of whale oil (Rice, 1989, 1998). 

Modern whaling was most intense in the North Pacific and South Pacific 

Oceans from the late 1950s to the 1970s (Rice, 1989, 1998; Berzin, 2008). During 

this period, whale catch data were largely falsified, notably by Japan (e.g. 

Kasuya, 1999) and the former U.S.S.R. (e.g. Yablokov, 1994; Berzin, 2008). Both 

Japanese and Soviet whalers exceeded quota restrictions and under-reported 

their catches, while Soviet whalers also illegally killed lactating females and 

calves (Kasuya, 1999; Berzin, 2008). Although commercial hunting has ceased, 

Japan still kills a small number sperm whales for scientific purposes (Kasuya, 

2007). 

Sperm whales and other cetaceans are also affected indirectly by human 

activities; largely due to our increased use of the oceans for resources, transport 

and recreation. Cetaceans are affected by habitat loss and destruction, boat 

strikes, gill net and drift net entanglements, chemical pollution, and noise 

pollution (Reeves et al., 2003). Based on the IUCN (International Union for 

Conservation ofNature) red list, two cetacean species are critically endangered, 

six are endangered, six are vulnerable, and 33 species do not have sufficient 

data available to determine their present status (www .iucnredlist.org). The 

sperm whale is listed on the IUCN red list as being "vulnerable" (Reeves et al., 

2003; www .iucnredlist.org). 

It is difficult to estimate the effect that human activities have had on global 

sperm whale abundance due to poor data on current abundance (their long 
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dive times pose a problem for abundance assessment via traditional line

transect surveys) and the falsification of sperm whale catch data. Prior to 

exploitation, the global population of sperm whales was estimated to be 

approximately 1,110,000 individuals (Whitehead, 2002). Open boat and modern 

whaling reduced this global population estimate by approximately 68% 

(Whitehead, 2002), with a greater proportion of hunting targeted to the larger 

and more profitable males (Rice, 1989). Current global sperm whale abundance 

is estimated at roughly 360,000 individuals (Whitehead, 2002). 

Estimates of population size and dynamics are particularly important because 

they fundamentally describe a population's ecological state and can be used to 

make conservation and management decisions (Taylor and Gerrodette, 1993). 

Early data from commercial whaling operations have given us a basic 

understanding of sperm whale ecology. However, since the 1980s, increasing 

effort has focused on using non-lethal techniques to study living sperm whales 

in local populations, such as in the Galapagos (e.g. Whitehead and Amborn, 

1987), Sri Lanka (e.g. Gordon, 1987), Nova Scotia (e.g. Whitehead et al., 1992) 

Kaikoura, New Zealand (e.g. Childerhouse et al., 1995), and Norway (e.g. Ciano 

and Huele, 2000). These studies have dramatically increased our understanding 

of sperm whale population biology and ecology. Studying animals as wide

ranging as sperm whales will always be difficult, nevertheless, long-term 

studies of local populations have the potential to provide insights that are 

relevant at a global scale. This study will focus on the sperm whales that can be 

found off the coastline ofKaikoura in New Zealand. 

1.3. Sperm whales in Kaikoura 

A bachelor group of sperm whales is present year-round off the coast of 

Kaikoura, New Zealand. These whales can be seen within 10 nautical miles of 

the south side of the Kaikoura Peninsula, where their distribution is 

concentrated over the Kaikoura canyon and the Conway trough (Jaquet et al., 
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2000) (Fig. 1.2). Within only a few nautical miles off the coastline, the Kaikoura 

canyon drops off steeply to depths of 500 to 1,500 m (Jaquet et al., 2000) (Fig. 

1.2). The sperm whales in Kaikoura appear to use these deep waters for 

foraging, routinely making dives averaging 41.3 minutes in duration (Jaquet et 

al., 2000). 

Figure 1.2: Kaikoura canyon bathymetry. Image from NIWA (National Institute of 
Water and Atmospheric Research ofN ew Zealand). 

The sperm whales off the Kaikoura coast are almost exclusively adult and sub 

adult males, ranging from 9.3 to 15 .8 m in length (Dawson et al., 1995). These 

whales have been classified into two groups: "residents" which are seen more 

than one day and/ or season and "transients" who are seen during only one day 

(i.e. they have not been photographically identified again) (Jaquet et al., 2000). 

However, these definitions are arbitrary and do not distinguish between whales 

that are passing through the area (transient), whales that are new to the area 

and may return to later become residents, or so-called transient whales that 

may actually be resident further offshore. 
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During the 'modern whaling' phase, sperm whales in Kaikoura and its offshore 

waters were the target of both international pelagic whaling fleets and local 

shore-based whaling (Gaskin, 1973; Grady, 1982). During the 1963-1964 whaling 

season, a Japanese pelagic factory ship caught 2,665 sperm whales in the 

Western South Pacific (Gaskin, 1973) and in 1964, a Russian pelagic whaling 

fleet was seen operating off the Kaikoura coast (Grady, 1982). New Zealand 

shore-based whalers hunted sperm whales off the Kaikoura coastline in 1963 

and 1964, during the last phase of whaling in New Zealand (Grady, 1982). 

During these two years, the Perano family took 248 sperm whales off the coast 

ofKaikoura (Grady, 1982). 

Today, sperm whales are seen year-round off the south side of the Kaikoura 

Peninsula. They have become the focus of commercial tourism via boat, 

airplane and helicopter-based tours which operate year-round. Sperm whales in 

Kaikoura have also been studied by Otago University staff and graduate 

students in most years since 1990. These studies have resulted in a large body of 

ecological and acoustic data, providing a resource which can be used in long

term studies to track changes in the population. 

1.4. Study aims and objectives 

The overall objective of the current study was to contribute to and update 

existing data on the sperm whales in Kaikoura, and to describe the population 

biology of these whales based on the large dataset. This objective comprises 

three aims upon which the structure of this thesis is based: 

1.4.1. Digital catalogue and database 

The first objective of this section (chapter 3) was to digitise older (pre 2002) 

film-based fluke photographs and to identify and catalogue all new digital 

fluke photographs to be combined into an up-to-date digital catalogue of fluke 

photographs containing relevant information on each individual. The second 
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Chapter 2: General Methods 

The year-round close proximity of sperm whales to the Kaikoura coastline 

provides an excellent opportunity for ecological and acoustic research from 

small boats. Since 1990, research has been conducted off a 6.6 m outboard

powered boat containing a crew of two to five people. Winter and summer 

surveys have been consistently undertaken (surveys generally cover 4-6 weeks), 

with the exception of the summer of 1995/ 96, winter 2001, summer 2001/ 02 

and summer 2002 through to winter 2005, when no research was undertaken in 

the area. General field methods during surveys have been fairly consistent, as 

described below. 

2.1. Study site 

All field work was conducted on the south side of the Kaikoura Peninsula 

(Figure 2.1). Almost all effort was focused within a study area of 10 by 20 

nautical miles that encompasses much of the deep waters of the Kaikoura 

canyon and Conway trough (Figure 2.1). Surveys either started from a 

randomised point on the northern boundary of the study area (1990-1994), or 

from the northern edge of the continental shelf (i.e. when depth exceeded 200 

metres). These surveys began with a c. five minute "listen" using a custom-built 

directional hydrophone that has an effective range of 3-5 nautical miles. 

Throughout the day, the study area was searched for sperm whales, covering as 

much of the area as possible. Field work was conducted during daylight hours 

and typically only in wind speeds of force four or less on the Beaufort Scale. 
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Figure 2.1: Map of the Kaikoura peninsula, New Zealand. Inset shows the location of 
the 10 by 20 nautical mile study area where field work was conducted. 

2.2. General field methods 

When a whale was seen at the surface (defined as an encounter), the vessel was 

cautiously manoeuvred and maintained at a distance of 50-100 meters behind 

the whale. At the start and end of each encounter the date, time, and position of 

the research boat (obtained from an onboard GPS) were stored on a 

waterproofed Hewlett Packard 200LX palmtop computer. Environmental and 

sighting data were also entered into the computer. Data collected included 

group size, acoustic behaviour, surface behaviour, presence of other vessels 

during the encounter, and oceanographic conditions. The palmtop computer 

also stored a GPS fix at two minute intervals throughout the day, in order to 
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record temporal and spatial search effort. Whenever possible, an identification 

photograph was made of each sperm whale encountered . 

2.3. Photographic identification methods 

Sperm whales habitually raise their flukes as they dive ("fluking"), marking the 

end of an encounter (Figure 2.2). A sequence of photographs was taken at this 

moment and the best quality photograph (of the ventral side while the flukes 

are vertical) was used for identification purposes (Figure 2.2). Historically, these 

fluke photographs have been taken using a 35mm camera (Nikon F4S, F90x and 

F5) equipped with a databack and either an 80-200 mm (f2.8) or 300 mm (f2.8 

and f4) autofocus lens. These photographs were taken on Fuji Chrome 100 and 

Fuji Provia 100 slide film (Jaquet et al., 2000). More recently (from 2002 

onwards), film-based photography has been replaced with digital photography, 

using either a Nikon D lH, D 100 or D2H digital camera and the lenses above. 

Figure 2.2: Sperm whale "fluking" indicating the end of an encounter. Photographs of 
the ventral side of the flukes (b) are used for identification. 
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Chapter 3: Digital Catalogue and Database 

3.1. Introduction 

3.1.J. Kaikoura sperm whale database as a resource 

Since 1990, several Otago University researchers have contributed to collecting 

and analysing data from 28 seasons of field work on the sperm whales in 

Kaikoura (Table 3.1). 

Table 3.1. Summary of past research that has contributed to the large dataset currently 
available on the sperm whales in Kaikoura. 

Year 
Contributing 
researchers 

1990 - present Dawson, S.M. 

Slooten, E. 

1992 Chessum, C. 

1995 Childerhouse, S.J. 

1995 Jake, O.R. 

2000 Jaquet, N. 

2000 Douglas, L.A. 

2001 Rhinelander, M.Q. 

2002 Richter C.F. 

2002 Gormley, A. 

In progress Miller, B.S. 

Research focus 

Behaviour and Ecology 

Population structure; photogrammetry 

Stability of identifying fluke marks 

Acoustic censusing; software development 

Seasonal distribution 

Acoustic behaviour; acoustic censusing 

Acoustic measurement of sperm whale 

length 

Effects of whale watching 

Abundance assessment 

Acoustic behaviour and 3-D tracking via 

hydrophone array 

In progress van der Linde, M.L. Long-term trends in abundance, populatior 

In progress Growcott, A. 

dynamics, database creation 

Acoustic and photogrammetric measures 

of whale size 

Data collected include photographs, acoustic recordings, GPS tracks, 

environmental data (e.g. CTD casts), and other encounter information. 

Combined, these make up a large dataset of encounter files, boat track files, 

acoustic recordings, and image files. Boat track data (a file of GPS fixes and 
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times recorded every 120 seconds; recorded smce 1994) and encounter 

information are downloaded daily from the palmtop computer as tab-delimited 

text files, and imported and summarised into Excel spreadsheets. Negatives of 

photos taken prior to 2002 are stored in a filing cabinet, and more recent digital 

photographs are stored on computers as daily sets of JPEG files. Over the years, 

acoustic data have been collected using several types of recording equipment, 

and are currently stored on analogue tapes, digital audio tapes, and digital files 

on hard disks. Collectively, these data hold important information that could 

allow researchers to assess biological trends, such as population structure, 

residency and distribution. Therefore, it is important that the Kaikoura sperm 

whale dataset is treated as a valuable resource. It should be well organised, 

easily accessible, searchable, and managed effectively. 

The traditional way of organising data is via conventional filing methods, in 

which data are kept in several locations and formats depending on their use for 

individual applications (McFadden and Hoffer, 1999). This can lead to 

inconsistencies in the dataset because data are updated and processed by 

different users in several locations (McFadden and Hoffer, 1999; Schwartz and 

Cohen, 2004). It can be time-consuming to resolve inconsistencies and errors, 

and search and sort these stored data. 

3.1.2. The database concept 

A more effective way to store and manage a valuable data resource is in an 

integrated database (McIntosh et al., 2007). A database can be defined as "a 

collection of interrelated data that is integrated (i.e. previously distinct data files 

have been logically organised to eliminate/ reduce redundancy and to facilitate 

data access) and shared (i.e. all qualified users in the organisation have access to 

the same data, for use in a variety of activities)" (McFadden and Hoffer, 1999). 

The advantages of using a database over conventional filing methods are: 
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• Redundancies are reduced, thereby improving the consistency of data while 

reducing the waste in storage space. Each occurrence of a data item is 

recorded ideally in only one place in the database. 

• Data can easily be shared among several users without having to create 

new data files. 

• The database approach permits centralised control over data standards, 

security restrictions, and integrity controls. 

(McFadden and Hoffer, 1999) 

A database is made up of a number of records (a collection of data on one 

individual or entity) (Schwartz and Cohen, 2004). The data within each record 

are organised into fields (each of which is reserved for a particular type of 

information, such as the age or sex of an individual). The data are stored in a 

table, in which each row is a record and the columns are the fields (Schwartz 

and Cohen, 2004). The simplest type of database consists of one table of data on 

one central topic, and is called a flat-line database (Schwartz and Cohen, 2004). 

More complex databases consist of at least two tables on different, but related 

topics (hence called relational databases; Schwartz and Cohen, 2004). Tables in a 

relational database must have at least one key related field in common (Schwartz 

and Cohen, 2004). Based on these shared fields information can be 

simultaneously drawn from more than one table (Schwartz and Cohen, 2004). 

A database may be either paper-based (such as a simple paper address book), 

or computer-based (Schwartz and Cohen, 2004). Computer databases are much 

more flexible because they are easier to edit, update, and sort and group m 

different ways. Additionally, they can easily be copied, accessed 

simultaneously by multiple users via a network, and programmed to perform 

automated calculations, lookups and output custom reports (Schwartz and 

Cohen, 2004). The program that is used to store and edit a computer database is 

called a database program or database management system (DBMS) (Schwartz and 

Cohen, 2004). 
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3.1.3. A relational database for the sperm Kaikoura sperm whale dataset 

Database management systems have increasingly been employed to manage 

large ecological datasets (e.g. Hi.ittmann and Lock, 1997; McIntosh et al., 2007; 

Peacock et al., 2007). As research on the sperm whales in Kaikoura continues, it 

would be ideal to integrate the expanding dataset into a digital database. 

Currently, encounter data, boat track data, and sound recording information 

are each stored in digital format, primarily in the form of separate Excel 

spreadsheets (i.e. several flat-line databases that are not linked). Because these 

tables are not linked it is time-consuming for researchers to locate related 

encounter information in different spreadsheets. By integrating these data into a 

relational database that is stored in one location, researchers will easily be able 

to look up related information from more than one spreadsheet. 

Fluke photographs are currently summarised in two different formats because 

photographs taken during field work have been film-based (1990 to 2002) and 

digital (2002 to present). The film-based fluke catalogue is held in a ring binder 

that contains hard copy photographs of individuals that have been encountered 

in Kaikoura. At least one fluke photograph, (the 'best' picture currently 

available) of each individual is held in the catalogue (multiple photographs 

have been added for some whales if their flukes have changed noticeably over 

time). Fluke photographs have been categorised into 17 groups, based on the 

presence and position of dominant marks (holes, missing tips, nicks, and 

scallops) on the trailing edge of the flukes (Figure 3.1). The catalogue is 

organised so that individuals that have their defining category mark in a similar 

location (on the flukes) are placed close to each other in the catalogue, and have 

been given a similar catalogue name. 
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Figure 3.1: Key mark types (holes, scallops, nicks and missing tips) used to organise 
sperm whale identification photographs into a fluke photographic catalogue . 

The 17 fluke categories in the catalogue are: 

HB = Hole on both sides of the fluke 

HL = Hole on the left side of the fluke 

HR= Hole on the right side of the fluke 

MTL = Missing left fluke tip 

MTR= Missing right fluke tip 

MTB = Missing both fluke tips 

NN =Nick in the fluke notch 

MLS = Multiple large scallops 

LSL = Large scallop in the left side of the fluke 

LSR = Large scallop in the right side of the fluke 

MSS = Multiple small scallops 

LNL = Large nick in the left side of fluke 

LNR = Large nick in the right side of fluke 

MLN = Multiple large nicks 

MNS = Multiple small nicks 

16 
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SNL = Small nick in the left side of fluke 

SNR = Small nick in the right side of fluke 

17 

These 17 categories are also used to classify the more recent digital 

photographs, and prints have been made of these digital images to add to the 

folder of fluke photographs. This paper-based way of organising photographs 

is not ideal, because new photographs need to be added frequently, either 

because whales acquire additional marks (Childerhouse et al., 1996), or new 

whales are encountered. It can be time-consuming to physically make space for 

additional photographs because existing photographs need to be moved across 

slots to retain a logical order. Additionally, as the catalogue gams more 

photographs, it becomes increasingly difficult to find specific individuals. 

Sharing the current catalogue is also difficult because there is only one copy, 

and duplicating photographic prints is time-consuming and expensive. 

Clearly, it would be better to convert the entire sperm whale photographic 

catalogue into a digital format, so that all past and present fluke photographs 

will be in the same format and location. A digital catalogue would be much 

easier to update, search, sort, and summarise in different ways. Additionally, 

digital photographs are much easier and cheaper to back-up than film prints. 

Finally, a digital catalogue could be integrated into a relational database which 

links encounter files, boat track files, and recording information, and 

information pertaining to particular individuals. 

3.1.4. Aims 

The aim of this chapter was to develop a working system that can be used to 

store, organise and search through all data obtained from Otago University 

research on the sperm whales in Kaikoura. This will be done by designing and 

constructing a digital relational database that encompasses encounter, 

photographic, boat track and acoustic data in a standardised format. A practical 
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approach will be used, concentrating on producing a user-friendly database 

that meets the following functional and structural specifications: 

3.1.4.1. Functional specifications 

• Updating records: Users of the database should be able to quickly and 

easily import new photographs, encounter, recording and boat track data 

into the database on completion of each day's field work. 

• Sorting and organising: Records need to be able to be sorted and viewed in 

a variety of different orders and layouts, to meet different research needs. 

• Searching: Users need to be able to easily search all components of the 

database so that specific records can easily be retrieved without having to 

manually search for them. Additionally, complex searches, on several 

criteria simultaneously, should be facilitated. 

• Relationships and lookups: Fluke photographs, recordings, boat track data 

and encounter data need to be linked through pre-defined relationships in 

the database. Based on these relationships, users should be able to retrieve 

integrated information from several different locations in the database. 

• Automation: The database should be automated to carry out simple 

calculations that would normally require a sequence of steps. For example, 

the sighting history and residency status of individuals should be 

automatically calculated and updated within the catalogue of individuals as 

new sighting data is imported into the database. 

3.1.4.2. Structural specifications 

• Interface: The database needs to be constructed of several layouts that 

contain all the essential fields and information. Each of these interfaces 

needs to organised and have a user-friendly appearance, so that fields and 

layout parts can easily be located on the screen. All layouts need to be fully 

viewable on monitors ofvarious sizes. 

• Navigation: Navigation among interfaces should be simplified through 

menus and tabs. Interfaces should also contain labelled buttons/ icons that 
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can be clicked to instantly execute commonly used commands, such as 

importing new records, searching records and accessing related records 

(e.g. accessing an acoustic recording related to a specific encounter). 

• Help layouts: The database needs to include layouts that explain the 

definition of each field and the data that it should contain. Interfaces related 

to the help layouts should contain buttons/ icons that users can click to 

instantly navigate them to these help sections. 

3.2. Database implementation 

3.2.J. Compiling a digital photographic fluke catalogue 

A digital fluke catalogue was made by compiling fluke photographs of each 

sperm whale that has been photographically identified in Kaikoura since 1990, 

and choosing the most recent and/ or best quality photograph available of each 

whale. Individual flukes that were required from film (i.e. taken during 

fieldwork between 1990 and 2002) were digitised for the catalogue. A total of 

176 flukes were digitised by photographing film slides using a Nikon D2, 

60mm, f2.8 macro lens, and using a slide-copier system (as both methods 

yielded images of the same quality). 

Fluke images were cropped and straightened for the purpose of display in the 

digital catalogue and database. When conspicuously-marked dorsal 

photographs of known individuals were available, these were also included in 

the photographic catalogue. To further assist in matching and searching for 

whales, all fluke marks (i.e. the 17 categories used to name and organise 

individuals in the catalogue) currently present were recorded for each whale in 

the catalogue. In this process, fluke photographs were also screened for any 

incorrect matches (i.e. two or more flukes that have been assigned the same 

catalogue name, or one fluke that has been assigned two or more different 

catalogue names) and these mistakes were rectified in the catalogue and 

corresponding encounter files. 
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3.2.2. Combining data and creating tables 

FileMaker Pro (Version 10) was chosen as the database management system 

(DBMS) to combine the digital photographic catalogue, encounter data, boat 

track data, and sound recording information into a relational database. 

FileMaker Pro was chosen because of its high capability, platform independence 

(MacOS or windows), and ease of use. 

A new database was created by defining three distinct tables: "Encounters", 

"Sound Recordings", and "Whales" (Figure 3.2). 

-------------------------------------
Manage Database for "Kaikoura Sperm Whale Database " ~tEJ 

Tables Fields Relationships 

Tables are unique sets of records and fields, A file can contain more than one table, 

3 tables defined in this file View by: J custom order v/ 
Table Name Source Details Occurrences in Graph 

* Encounters FileMaker 67 fields, 4845 records Encounters 

* Sound Recordings FileMaker 24 fields, 1078 records Sound Recordings 

* Whales FileMaker 19 fields, 234 records Whales 

Table Name: I Create Chan,;le C>elicte 

Print 0 K 
1
j [ Cancel 

Figure 3.2. Tables created ("Encounters" table, "Sound recordings" table, and 
"Whales" table) for the Kaikoura sperm whale database . 

The "Encounters" table was created by importing records of existing 

encounter files from all field days between 1990 and 2007. Records in the 

"Sound Recordings" table were imported from an existing Excel file of sound 
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recordings information, and records in the "Whales" table were created by 

importing individual fluke photographs. 

3.2.3. Definingfields and relationships 

Fields (equivalent to table columns in database theory) for each of the three 

tables were specified by defining each field's name, the type of information 

contained, and any special options for automatically calcu lating, entering, 

storing, or validating information in that field (Figure 3.3). 

-----~ -------------------------------------
Manage Database for "Kaikoura Sperm Whale Database " IT]rgJ 
~ Fields I Relationships / 

Table: jaf~II! vi 19 fields View by: I custom order vi 
Field Name Type Options / Comments ( Click to toggle) 

t Total_Catalogue_Size Summary = Count of Catalogue_ID 

t Catalogue _ID Text Indexed, Always Validate, Required Value, Unique, Allow Override 

t Nickname Text Lool<JJp 

t Fluke _Photo Container Required Value, Allow Override 

t Resident_Transient Calculation Unstored, = If ( Number _Of _Days_Encountered = 1 ; "Transient"; "Resident") 

t Defining_Mark_Type Text By Value List, Allow Override 

t Fluke _Marks _Present Text Indexed, By Value List, Allow Override 

t Fluke_Marks_Concatenated Calculation = Substitute (Fluke_Marks_Present; "~"; ", ") 

t Number _of _Fluke_Marks Calculation = ValueCount ( Fluke_Marks_Present) 

t Date_First_Encountered Calculation Unstored, = Min ( Encounters: :start_Date) 

t Date_Last_Encountered Calculation Unstored, = Max ( Encounters::Stop_Date) 

t Number _Times_Encountered Calculation Unstored, = Count ( Encounters: :Encounter _Key) 

t Length_of _Residency Calculation Unstored, = (Int ( Number_Of _Days_Encountered/365.25 )) & "Years" & If((Ro ... 

t Photo_Type Text 

t Film_Slide_Number Text 

t Dorsal_Photo Container 

t Whale_Notes Text 

* Number _Of _Days_Encountered Calculation Unstored, = (Date_Last_Encountered - Date_First_Encountered) +1 

t Month_Length Calculation Unstored, = Case ( Month(Date_First_Encountered) = "1"; "31"; Month(Date_F ... 

Field Name: I I Type: I Test vi (1pt1ons . 

Comment: I 

I Create l 1~h.:ir,9e ( 1upl1cate [ielete 

Piint I OK 11 Cancel I 
Figure 3.3. Field creation and definition for the "Whales" table of the Kaikoura sperm 
whale database. 

Field -types available in FileMaker Pro are: text (can be a combination of letter, 

symbols and / or numbers), number, date, time, timestamp (a combination of date 

and time), container (can contain images, movies, sound fi les, documents, 

software, and OLE objects for windows), calculation (displays the result of a 
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formula), and summary (displays a value that is produced by summansmg 

records in a table - e.g. a mean or total). Fields in the "Encounters" table were 

imported from the original encounter files, and include information on 

encounter date, time, position, and various acoustic and ecological data 

collected in the field. Additional summary and calculation fields were created 

in the "Encounters" table to provide first and last encounter dates and total 

number of encounters. An additional "Encounter_Key" field was also created to 

assign a unique positive integer to each encounter. Restrictions were set on 

some fields to standardise data and prevent incorrect data from being entered 

(e.g. the "Encounter_Key" field was restricted to be numeric and unique and 

the "Year" field was restricted to be a four digit year). 

Fields in the "Sound Recordings" table were those that were imported from the 

original Excel file ofrecordings information. These fields contain information on 

the type of sound recordings made, equipment used, type of sounds recorded, 

and additional comments and recording information. A "Recording_Key" field 

was created to assign a unique identifying number to each record in the 

recording table (restricted to being numeric and unique). The "Sound 

Recordings" table was linked to the "Encounters" table through the 

"Encounter_Key" field so that each sound recording was linked to the 

corresponding encounter (Figure 3.4). 
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--------------------------------------------
Manage Database for "Kaikoura Sperm Whale Database " t1]~ 

Tables II Fields I Relationships I 

The relationships graph provides access to data in one table from another. If a relationship is defined between two tables (even through another 
table), fields from one table can be accessed from the other . 

A 

1 · Encounters ~I -

I Encounter _Key I """'•"-ID ~ • Sound Recordings J!l 

Encounter_Key !•Encounter _Key 

start Date Recording_Key 
Field::season Encounter_Key 

• Whales .§.I Season Date 

I Catalogue_ID 
- Year Start_Time 

• Encounter Stop_Time 
T,jf:.;) 1:.::,~;il,: .. Ju':" 71::':'" Computer_ Time Duration 
Cdtafogue_!D - Start Time Digital_Files I Start::Latitude_Degrees I Nickname Recording_Type 
nJI,, rr,,:,tc, Start_Latitude_Minutes 

' Number _of_ Whales 
Resident_ Transient Start NS Surfaced 
Defining_Mark_Type Start::Longitude _Degrees Click_Quality 
Fluke Marks Present Start_Longitude_Minutes Buzz_Quality 
Fluke ::Marks:: Concatenated Start_EW Surf ace_ Click_ Quality 
Number of Fluke Marks Stop_Time Commentary 
Date First Encountered Stop_Date Recording_Notes 
Date::Last}'ncountered Stop_Latitude_Degree Recording_Device 
Number Times Encountered Stop_Latitude_Minutes I Original_Media 
Length_of _Residency Stop_NS 

j Counter 
Photo_Type Stop_Longitude_Degrees Digit ized 
Film_Slide_Number Stop _Longitude _Minutes Hydrophones 

Stop_EW Amplifiers 
Sound_Recording Cable_Length 
First Click Dydrophone_Depth 
First::Heading Hydrophone_Depth_File 
Last_Heading 
First_Blow - -
Group_Size 

I 

- - ' .. ·- V 
-

< I > 1 

Tables I Relationships Arrange Tools Pages 

~~~ _ciJ!J ~~~~ ~ ~ A,~,~,~~~010 J±Ll~ C, 

I Print .. . I I OK 11 Cancel I ~ -. -

Figure 3.4. Relationship graph showing the relationship between the "Encounters" 
table and "Whales" table (through the field "Catalogue_ID") and between the 
"Encounters" table and the "Whales" table (through the field "Encounter_Key). 

The "Whales" table was linked to the "Encounters" table through the 

"Catalogue_ID" field , which is the unique catalogue name assigned to each 

sperm whale encountered (Figure 3.4). In the "Whales" table, container fields 

were created for fluke and dorsal photographs, and text fields were created for 

whale nicknames, types of fluke marks present, type of ID photograph , and 

additional notes on individuals. A summary field was created to display the 

total number of whales currently in the catalogue, and calculation fields were 

defined to calculate information on individual residency through the 

relationship with the "Encounters" table. All calculation fields and fields 

defined to look-up values from related fields were set to automatically update 

when values they depend on are changed . 
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3.2.4. Defining scripts and calculations 

Scripts in FileMaker Pro are a set of instructions which are chosen from a 

selection of pre-defined menu commands (Schwartz and Cohen, 2004). Scripts 

can be created to perform specific actions automatically. For the Kaikoura 

sperm whale database, scripts were created to allow users to easily import new 

encounter data and fluke photographs into the database, to easily navigate 

between various database layouts and related records (Figure 3.5), and to assist 

in searching and sorting records. 

i') Edit Script "Open related whale layout" (Kaikoura Sperm Whale Database) ~§['.8) 
------ ----------------- -----~-~ -

View: I all by category v I Script Name: I .!l•\411141\lffl:l)IIMil\M 
~-=======-::::::: C:ontrol ;.. 

Perform Script 
Pause/Resume Script 
Exit Script 
Halt Script 
If 
Else If 
Else 
End If 
Loop 
Exit Loop If 
End Loop 
Allow User Abort 
Set Error Capture 
Set Variable 
Install On Timer Script 

~avigation 
Go to Layout 
Go to Record/Request/Page 
Go to Related Record 
Go to Portal Row 
Go to Object 
Go to Field 
Go to Next Field 
Go to Previous Field v 

Show Compatibility 

* Go to Related Record [From table: "Whales"; Using layout: "Fluke Catalogue - Individual View" (Whales)] 

* Set Selection [Whales::Fluke_Photo] 

* Adjust Window [Maximize] 

< > 
Script Step Options 

~I C_li_en_t ______ v~I O Run script with full access privileges 

Figure 3.5. Example of a script constructed from three script steps chosen from a set of 
pre-defined menu commands. When activated, this script will navigate the user 
from an encounter record to a record of the specific whale that was sighted 
during that encounter (through the relationship between the "Encounters" table 
and the "Whales" table). 

3.2.5. Creating custom layouts 

FileMaker Pro has a graphical user interface that allows users to create custom 

layouts that display any selection of fields and layout parts (such as buttons) 

(Figure 3.6). Layouts are created and edited in "layout mode" and records can 

be displayed and searched in "browse mode". 
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fluke photograph field is a button that navigates to a full-screen version of the 

catalogue photograph (i.e. the close-up view layout). The encounter history 

information in the individual-view layout includes a "Portal" of records from 

related tables. This portal displays eight fields from the "Encounters" table and 

one field from the "Sound Recordings" table (Figure 3.6). In this portal, the 

"Encounter Key" and "Recording Key" fields were set were set up as buttons to 

navigate to related records in the encounter table or recording table layout 

respectively. A third button was placed next to the "ID photo field" (Figure 3.6). 

This button is linked to a script which opens the external folder containing all 

photographs taken on that particular day of fieldwork . This allows the user to 

see which other whales were photographed that day. 

Figure 3.6. In layout mode, the placement and graphical appearance of fields, portals, 
buttons, and other components can be edited in FileMaker Pro to create custom 
layouts. This individual-view layout is customised to display a large 
"fluke_photo" container field, text and number fields, and a portal of related 
"Encounters" information specific to one individual. 

Tabs (linked to scripts) were placed on the mam layouts (i.e. the encounter 

datasheet, sound recording datasheet, photographic catalogue in list view, and 

the photographic catalogue in individual view) so that users can quickly 
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navigate among different layouts from the "Encounters", "Whales", and 

"Sound Recordings" tables. Layouts were also equipped with labelled icon 

buttons which were scripted to perform operations such as sort requests, 

searches, creating new records, deleting records, and opening related records. 

These buttons simplify the overall process of matching and sorting data, and 

allow users to quickly view specific data for analysis . 

3.3. Database operation 

The database compiled in FileMaker Pro currently contains information from 

4,845 encounters, 1,078 sound recordings, and 232 individual whales. This 

information can be viewed, searched, and sorted using the custom -made 

layouts, starting with the welcome page layout that is displayed when the 

database is opened (Figure 3.7). 

ti, fHcMAkcr Pro fK.oikour4 SpNm Wh41c OatabaH] ~ rg) 

Welcome to the Kaikoura sperm whale database 

This database currently encompasses data from 4845 
sperm whale encounters up to31/10/2007 

Please select one of the following tables to browse through or update: 

T Photographic Fluke Cotalogua 

[ • Encounte, Doto 

~1}) Sound Recordings Information 

Exit 

Figure 3.7. Welcome page layout of the Kaikoura sperm whale database . 

- if X 

From this main menu, users can select to go to the encounter datasheet, sound 

recordings datasheet, or the photographic catalogue of individuals. The 

encounter data layout is displayed in the form of a table which contains all data 
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recorded during encounters, and the catalogue name and thumbnail of the 

encountered individual (displayed as NIP (No Identification Possible) if the 

encountered whale could not be photographically identified) (Figure 3.8). The 

sound recording field and fluke photograph field in the encounter datasheet 

can be clicked to navigate to the corresponding data. Once in the "Encounter 

data" layout, clicking on a "Track File" icon will open the track file 

corresponding to the date of the encounter (note that track files have been 

recorded since 1994, therefore icons are not displayed for earlier encounters). 

Similarly, clicking on a folder icon in the "ID photo" column opens a folder 

containing digital photographs taken that day (pre-2002 icons are not displayed 

because daily photographs on film are not yet digitised due to their large 

number). Information on sound recordings is displayed in a datasheet, similar 

in layout to the encounter datasheet (Figure 3.9). Encounter information related 

to specific recordings can be viewed by clicking on the "Encounter Key" field, 

which links directly to the encounter datasheet. 

Individuals in the catalogue can be viewed, searched, and sorted in the list-view 

layout (Figure 3.10) or individual-view layout (Figure 3.11). The updated 

catalogue encompasses fluke photographs from all 232 individuals that have 

been photographed in Kaikoura between 1990 and 2007 (22 dorsal fin 

photographs are also available). During compilation of the digital catalogue, 

four fluke mis-identifications were found; all of them cases in which one fluke 

was assumed to be two different whales and therefore assigned two different 

catalogue names. These pairs of catalogue names were MTBI65 and MTBl 70, 

NN220 and NN240, HLI90 and NN60, and MTBlO and MLS230. The mistakes 

were corrected in the digital catalogue, so now only the catalogue names 

MTBl 70, NN220, HLI90, and MLS230 remain (i.e. MTBI65 was renamed to 

MTBI 70, NN240 was renamed to NN220, NN 60 was renamed to HL190, and 

MTBIO was renamed to MLS230). These catalogue name corrections have also 

updated in related occurrences in the database. 
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1048 CJ 1611111994 Spring 1994 1 HL150 ~ Transient 42 32.94 s 
1049 CJ 1611111994 Spring 1994 1 MLS60 1::1 Resident 42 31.79 s 
1050 CJ 1811111994 Spring 1994 1 LNL160 iii Tiaki Resident 42 31.87 s 
1051 CJ 18111/1994 Spring 1994 1 HL160 B!11 Resident 42 32 s 
1052 CJ 2011111994 Spring 1994 1 NIP 42 31.18 s 
1053 CJ 2011111994 Spring 1994 1 NIP 42 31 .07 s 
1054 CJ 2011111994 Spring 1994 1 MTR80 lliil Muffin Resident - 42 30.57 s 
1055 CJ 20/11/1994 Spring 1994 1 LSR60 iii Peter/Dragon Resident 42 31 .59 s 
1056 CJ 2011111994 Spring 1994 MTR60 llli:I Muffin Resident 42 31 .45 s 
1051 CJ 2011111994 Spring 1994 1 MTR100 ial DentelleJOouglassA<au Resident 42 31 .17 s 
1058 CJ 20/11/1994 Spring 1994 42 32.81 s 
1059 CJ 20/11/1994 Spring 1994 1 NIP 42 32.46 s 
1060 CJ 20/11/1994 Spring 1994 1 LNR180 !!! Resident 42 31.11 s 
1061 CJ 20/11/1994 Spring 1994 1 NN20 ~ Birdie Resident 42 30.63 s 
1062 CJ 2011111994 Spring 1994 1 MTR100 ::.i Dentelle,OouglassA<au Resident 42 31 .17 s 
1063 CJ 25/11/1994 Spring 1994 1 LSL20 iill Hook Resident 42 33.97 s 
1064 CJ 25/11/1994 Spring 1994 1 MT860 =a Flattop Resident 42 35.51 s 
1065 CJ 25/11/1994 Spring 1994 1 LSL20 ii Hook Resident 42 35 .35 s 
1066 CJ 2511111994 Spring 1994 1 LSL20 mij Hook Resident 42 34 .64 s 
1061 CJ 25/11/1994 Spring 1994 1 MLN100 aJi Resident 42 36.96 s 
1068 CJ 25/11/1994 Spring 1994 1 MLN100 aJi Resident 42 37.14 s 
1069 CJ 26111/1994 Spring 1994 H8100 1!!31 Resident 42 33 .12 s V 

1 ooj...j,,(c:j Browse • I< > 

Figure 3.8. "Encounters" table datasheet layout. Buttons above the table assist users in importing new encounter records, sorting, and 
searching for encounters. Users can open sound recording information related to specific encounters by clicking on the 
corresponding "Recording Key" number; or navigate to related whales by clicking on a fluke photograph in the "Whale ID" column 
or the fluke tab. Related tracking file folders and folders of daily images can automatically by opened by clicking on the "Track File" 
folder icon and "ID photo" icon (not visible in this screen shot) respectively. 
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419 206 13/0511992 9:42:00 -9:41:59 transect 2 g-vg 

428 207 13/0511992 13:41 :00 13:45:00 0:04:00 start dive 3+' N vg-ex 

208 14,0511992 8:07:00 -8:06:59 transect 1 f 

209 14/0511992 8:24:00 -8:23:59 transect 2 rg 

210 18,0511992 8:21 :00 -8:20:59 transect 1 f 

211 18,05/1992 8:39:00 -8:38:59 transect 4 

212 18/0511992 8:58:00 -8:57:59 transect 3 

213 18,05/1992 9:13:00 -9:12:59 transect 4 g-vg 

449 214 18,0511992 9:40:00 -9:39:59 transect 4 vg 

449 215 18,05/1992 9:58:00 -9:57:59 transect 4 vg-ex rg 

216 11 :09:00 11 :12:00 0:03:00 start dive 2+' N ex rg 
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218 12:45:00 -12:44:59 gen recording 2+' N ex 

219 23/0511992 8:30:00 -8:29:59 transect 1 

220 23/0511992 8:48:00 -8:47:59 transect 2 f-rg 

221 23,05/1992 9:04:00 -9:03:59 transect 4 rg-g 

222 23/0511992 9:22:00 -9:21:59 transect 4 vg 

223 23,05/1992 9:41:00 -9:40:59 transect 5 g 

472 224 23,0511992 10:01:00 10:06:22 0:05:22 transect 3 rg 

225 24/05/1992 8:33:00 -8:32:59 transect 0 

226 13:06:00 -13:05:59 follow rec 2+' N vg 

227 24/0511992 8:54:00 -8:53:59 transect 0 

228 24,0511992 9:10:00 -9:09:59 transect 1 1-rg 

229 24,05/1992 9:28:00 -9:27:59 transect 2 f 
o~n 'lAK'IZ::MOO'l O·A.c::·nn 0-.c::1-nn n-n.::-nn + .. o,..,..,.oM s SN N 

V 

lOOl..jllllil~ Browse Tl< > 

Figure 3.9. "Recordings" table datasheet layout. Buttons assist users in importing new records, sorting, and searching for recordings . 
Users can navigate to related encounters by clicking on the corresponding "Encounter Key" number. Tabs can be clicked to navigate 
to the encounter datasheet or photographic catalogue. 
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18/11/1 994 21/06/2007 12 Years 7 Months 3 Days Whale watch also call 
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"Gaurdian"). 
Has a very tall, straight 

611211990 25106/2000 9 Years 6 Months 20 Days Dorsal fin squarish and 
bent on the top, to the 
right hand side, hence 
nickname (first noti ced 

16111/1990 22/06/2000 9 Years 7 Months 7 Days Square notch in tai l 
(29/1111992) 
Some growth on the 
dorsal fin (1 211 211 992). 

10/0811990 2510211999 8 Yea rs 6 Months 17 Days Piece miss ing off left 
side of hi s fluke 
(14108/1990) 
Has a white blaze on hi s 

17111/1991 3111012007 15 Years 11 Months 14 Days We named him Bergy 
bits during 2006 
summer. Whale watch 
call him Little Nick (he 

1711111991 3111012007 15 Ye ars 11 Months 14 Days Has a di stinct bird· 
shaped nick in his notch. 
Whale watch also call 
him Birdie as well as 

20106/1996 3/0712007 11 Yea rs O Months 13 Days whale watch also ca ll 
him Noodle 

i 

V 

> 

Figure 3.10. "List view" layout of the Kaikoura sperm whale photographic catalogue; displaying fields from the "Whales" table (shown 
sorted in descending order the by number of encounters). Buttons assist in deleting or importing new whales into the catalogue, 
sorting, and searching for individuals. Users can toggle between sorting the whales in various ascending or descending order s by 
clicking on the column headings. Tabs navigate users to an individual view layout of whales or to the encounters datasheet. Users 
can also navigate to an individual view of a whale by clicking on the fluke thumbnail photograph . 
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145 Encounters with LNL 160 
EncKey Date Dille lime Dille position Group size ID photo Recording RecKey 

102 4460 7/03/2007 10:35:03 -42.55 173.67 1 yesl""1 yes 

~ 103 4461 7/03/2007 11 :22:54 -42 .55 173.69 1 yes[ ""1 prev 

104 4463 7/03/2007 16:10:25 -42. 50 173.65 1 yesCJ no 

1111 105 4464 8/03/2007 8:39:46 -42.51 173.68 1 yes1 l yes 1041 

106 4465 8/03/2007 9:24:17 -42.51 173.69 1 yes(:) prev :) 
1074466 8/03/2007 9:43:53 -42.51 173.69 1 yes l l yes 'ill 
108 4471 9/0312007 10:52:27 -42.50 173.64 1 yest l after 10-12 [, 
109 4480 1 0/0312007 11 :11 :05 -42.52 173.68 1 no(:) prev 

I 110 4481 10/03/2007 11 :11 :17 -42.52 173.68 1 yest l notes 

111 4484 10/03/2007 14:46:28 -42.55 173.68 1 yes(:) b4 

112 4487 10/03/2007 15:25 :00 -42.55 173.67 2 yest, b4 
1[li 

113 4488 10/03/2007 -42.55 2 noCJ b4 

114 4492 12/03/2007 8:58:07 -42.52 173.68 1 yesl ""1 b4 1048 

115 4493 12/03/2007 9:58:54 -4 2.52 173.69 1 yesr..., 
I 

prev 

:11\ 
116 4495 12/03/2007 12:43:45 -42.50 173.64 1 yesCJ b4 

117 4496 12/0 3/2007 13:47 :23 -4 2. 50 173.65 1 yesr, prev 
1!1. 

118 4505 19/03/2007 8:14:27 -42.51 173.67 1 yes l""1 aftdin -
Total Length of Residency: 12 Years 7 Months 3 Days Resident/Transient: Resid ent 

Notes: Whale watch also call him Tiaki (t ranslates to "Gaurdian"). 
Has a very tall , straight dorsal fin . 

Figure 3.11. "Individual view" layout of the Kaikoura sperm whale photographic catalogue . Fields are displayed from the "Whales" table 
and the related "Encounters" table in a portal. Users can navigate to a related encounter by clicking on a row in the portal, or to a 
related sound recording by clicking on the corresponding "RecKey" in the portal. Users can also click on the "ID photo" field in the 
portal to open a folder containing photos taken that day . Buttons assist users in deleting or importing new whales into the 
catalogue, sorting, and searching for individuals. Tabs navigate users to other the other layouts of the database. 
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3.4. Discussion 

The FileMaker Pro database that has been compiled can serve as a permanent 

archive for the Kaikoura sperm whale dataset. The database gives researchers 

and students easy access to the long-term dataset, which contains potentially 

valuable information on the ecology of sperm whales in Kaikoura. The database 

has a graphical interface, including custom-made layouts with buttons and tabs, 

which makes the database user-friendly and easy to navigate. The database has 

been designed to facilitate data importing, searching, sorting, and looking up 

related records between encounters, individual whales, recordings, and boat 

track data. This should greatly reduce the time and effort required for 

researchers to organise their data for analysis. 

The updated digital catalogue makes the process of organising and updating 

fluke photographs easier and less time-consuming. Now that identification 

photographs of all individuals are in the same location and format, they can 

more easily be searched; and only need to be updated in one place when new 

photographs become available. When matching new photographs, users can 

easily sort individuals in a variety of different ways (e.g. by fluke mark 

category or by the date individuals were last seen) at the click of a button. New 

photographs can easily be added to the catalogue, if new individuals are 

encountered, or if better quality photographs are taken of individuals already in 

the catalogue. As new data are imported into the encounter datasheet, 

information on first and last sighting dates, residency status (i.e. resident or 

transient), total length of residency, and total number of times encountered will 

automatically update in the photographic catalogue. 

As the catalogue acquires more individuals, an increasing amount of time is 

required to search the catalogue for a match to a new photograph. The 17 fluke 

mark categories used to classify individuals are useful for narrowing the search 

down to the most likely candidates. However, most of the sperm whales in 

Kaikoura possess multiple fluke marks, and it can be difficult to determine 
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which of the 17 fluke mark categories individuals should be classified under. 

This decision is highly subjective, and different researchers often notice 

different fluke marks as being the defining mark (and some researchers may 

miss subtle marks such as small holes and missing tips). The new database 

describes all the fluke marks an individual possesses, rather than focusing on a 

single dominant fluke mark category, enabling more efficient ID matching. 

Researchers can now search for a match based on any combination of fluke 

marks, and the database will find all individuals with the marks specified in the 

search, as well as any additional marks. Using multiple marks to search for 

individuals in a catalogue can significantly decrease the portion of the 

catalogue (and therefore the time) that needs to be searched match (Adams et 

al., 2006). Misclassification could be further addressed by developing a 

diagnostic key that contains more specific descriptions of each fluke mark, so 

that flukes can be categorised more consistently. Fluke mark descriptions 

would need to be measurable parameters, for example, measurements used to 

define the difference between a "big nick" and a "small nick", or the portion of 

a tip required to be missing in order to classify a whale as belonging to a 

"missing tip" category. Any significant changes in fluke marks would also need 

to be addressed, as this may change the category that an individual belongs to. 

These changes would reduce the uncertainty of which categories to search, 

thereby further speeding up the process of matching new photographs with 

flukes in the digital catalogue. 

The sound recordings table of the database is currently a prototype, as there is 

information missing from this table, and the links between specific recordings 

and associated encounters have not yet been verified. Researchers are currently 

analysing existing acoustic recordings (and some old analogue tapes are 

currently being digitised), and information from these sound files still needs to 

be summarised in the datasheet. When this information becomes available, it 

can easily be entered or imported into the database. Once the links between 

specific sound recordings and encounters are verified, the database will be very 
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useful for future researchers to locate information on recordings associated with 

specific encounters and specific whales. It would also be ideal to link the sound 

recordings table in the database to the associated digital audio files (which are 

also able to be imported and played within a "container" field in FileMaker Pro), 

or give information on the location (i.e. tape type and tape number) of older 

analogue recordings so researchers can easily locate specific acoustic 

recordings. 

As further research is conducted in Kaikoura, new data will need to be added to 

the database.New encounter files can be downloaded from the boat's palmtop, 

and then imported directly into the database using the import button within the 

"encounters" layout. Individual or multiple photographs of new whales can 

easily be added to the photographic catalogue by clicking on the "upload new 

photograph" button in the individual view of the catalogue. Photographs of 

individuals already in the catalogue should be replaced if better quality 

photographs are taken, or if there is a significant change in the appearance of a 

fluke (and any additional fluke marks, or loss of marks lost should be updated 

in the "all marks present" field for that individual). As photographs from new 

encounters are identified, researchers will need to enter catalogue ID names 

into the encounter sheet for the linked encounter information of individuals in 

the catalogue to remain up-to-date. The database links to external folders (i.e. 

not stored within the database) that contain track files and daily sets of 

encounter photographs. Therefore, if the database is copied or moved to 

another location, these folders need to be moved with the database so that the 

links are not lost. New tracking files that are downloaded from the boat's 

palmtop computer, and new daily encounter photographs should be copied 

into these folders to update the links with the database. The database can 

provide valuable information as long as researchers maintain it by regularly 

updating the database with any new data that is collected. Additionally, as 

technology improves, some material should be revisited. For example, some of 
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the images shot on film have been scanned poorly, and these should be re

scanned now that a much better scanner is available. 

In recent years, there has been an increase in the development of databases that 

incorporate encounter information and photographic catalogues from photo

identification studies (Adams et al., 2006). Development of these databases is 

usually an ongoing project, and the potential exists to expand on the 

capabilities of the database. For example, the sperm whale database could be 

integrated with GIS software so that users can carry out spatial analyses of 

environmental data and sperm whale sighting locations (or a subset of sightings 

for specific individuals, seasons, years, etc.) (e.g. Huttmann and Lock, 1997; 

Adams et al., 2006). In FileMaker Pro, layouts can easily be edited to display new 

fields, or new layouts can be custom-made to display specific information. For 

example, a researcher interested in dive statistics could create a "dive 

information" table that draws on related time and position information from 

the encounter data table to calculate dive and surface durations and distance 

travelled between dives. With ongoing database development, and inclusion of 

future data, the sperm whale database should be a useful research tool that can 

be used to explore biological trends in the long-term dataset. 
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Chapter 4: Abundance Estimation 

4.1. Introduction 

4.1.1. Abundance estimation background 

Measurements of population size, expressed as density or abundance, are 

important for describing the ecological state of a population (Hammond et al., 

1990). By routinely estimating the number of animals in an exploited 

population, we can monitor changes in the population over time and use 

derived information to make management and conservation decisions. The 

abundance of sperm whales in Kaikoura has been estimated for autumn/ winter 

(April to September) and summer/ spring (October to March) from 1990 to 2001 

(Childerhouse et d., 1995; Gormley, 2002). The most recent abundance estimates 

available for the sperm whales in Kaikoura span the years 1991 to 2002. 

Abundance estimates over this 11 year period indicate that the number of 

sperm whales associated with the sampling area in Kaikoura ranges from 60 to 

122 individuals in any one season (mean = 79 individuals, CV=0.23) (Gormley, 

2002). During this time, 210 sperm whales have been photographically 

identified. 

There are two maJor groups of methods for assessmg abundance; sighting 

surveys and capture-mark-recapture (CMR) methods (Harwood et al., 1989). 

Sighting surveys usually employ line-transect methods to estimate density, 

which is then scaled up by the study area to reach an abundance estimate (e.g. 

Buckland et al., 1993). Sighting survey methods are based on the underlying 

assumption that animals are visible to the researcher (Burnham et al., 1980). This 

assumption makes it difficult to use sighting survey methods on the sperm 

whales in Kaikoura, as they are known to spend an average of 83% of their total 

time under water (Jaquet et al., 2000). Capture-mark-recapture (or more simply 
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mark-recapture) methods are more suitable for estimating the abundance of 

sperm whales in Kaikoura. 

4.1.2. Mark-recapture theory 

Mark-recapture studies are based on identifying uniquely marked individuals 

and calculating abundance based on re-sightings of previously encountered 

individuals (Seber, 1982). Traditional mark-recapture methods involve 

physically capturing animals and marking or tagging them so that they can be 

recognised during subsequent recaptures (Hammond et al., 1990). This 

technique is clearly impractical for large cetaceans because it involves 

physically trapping and handling animals. 

An alternative non-invasive technique relies on identifying individuals based 

on their natural marks and scars (Hammond et al., 1990). Instead of physically 

trapping animals, individuals are photographically 'captured' and identified 

from the photograph (a method termed photo-identification or photo-ID). 

Subsequent photographic sightings constitute 'recaptures'. The use of photo-ID 

based on natural marks and scars is well established for many whale species 

(see Hammond et al., 1990). 

Sperm whales are identified from permanent marks (holes, nicks, scallops and 

missing tips) present on the trailing edge of their tail flukes (Amborn, 1987; 

Whitehead, 1990; Dufault and Whitehead, 1995). These marks accumulate over 

time so that an older individual is expected to be more marked than a younger 

individual (Dufault and Whitehead, 1995, 1998). As sperm whales in Kaikoura 

are almost exclusively sub-adult and adult males, their flukes are conspicuously 

marked, making them good candidates for photographic mark-recapture 

methods for estimating abundance (Childerhouse et al., 1995). In addition to 

abundance estimation, photo-ID can also be used to study other population 

parameters such as residency time, movements of individuals, survival, 
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longevity and social organisation of animal populations (Hardwood et al., 1989; 

Whitehead, 1990). 

4.1.3. Mark-recapture models 

The simplest of the mark-recapture methods for estimating abundance is the 

Lincoln-Peterson model (Pollock et al., 1990). This method is used to estimate 

abundance for "closed" populations (i.e. one in which there are no births, 

deaths, or migration of individuals into or out of the population) (Seber, 1982). 

In its simplest form, there are only two sampling occasions: an initial "capture" 

event and a subsequent "recapture" event (Seber, 1982). The Lincoln-Peterson 

method is based on the assumption that the ratio of marked (m) to unmarked 

(n) individuals in the sample of recaptured animals is the same as the ratio of 

marked (M) to unmarked (N) individuals in the entire population (Equation 

1.1) (Seber, 1982): 

m M 

n N 
(Equation 4.1) 

An estimate of abundance (N) (termed the Lincoln-Peterson estimator) is then 

generated by rearranging the equation for this ratio (Equation 1.2): 

~ nM 
N=

m 
(Equation 4.2) 

The accuracy of derived abundance estimates is dependent on a number of 

assumptions which need to be met (Hammond et al., 1990). These assumptions 

are: 

1. Individuals are uniquely identifiable from natural markings. 

2. Individuals are identified accurately. 

3. Marks do not change to a degree that individuals become un-identifiable in 

the recapture period. 

4. Marking should not affect the future catchability of individuals. 
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5. All individuals have an equal chance of being "captured". 

6. The population is closed so that N is constant. 

A previous study by Childerhouse et al., (1995) has demonstrated that sperm 

whales in Kaikoura can be uniquely and reliably identified from fluke 

photographs, thus meeting assumptions (1) and (2). Childerhouse et al., (1996) 

assessed assumption (3) by cutting fluke identification photographs in half, and 

independently matching all the left sides and right sides. This analysis treated 

the whales as if they were effectively double-tagged, and showed that mark 

change did not affect reliability of identification, mostly because each 

individual is identified by a combination of marks. 

Assumption (4) is reasonable in the context of photographic identification of 

natural marks, because animals were not caught or physically injured. 

Assumption (5) is partially dealt with by insisting on very high quality 

standards for photographs to be included in estimates of abundance, so that an 

animal with less obvious marks is no more likely to be re-:identified than one 

with more subtle marks (Amborn, 1987). The advent of auto-focus cameras 

equipped with long focal length lenses has greatly increased the opportunities 

for obtaining photographs which are suitable for these purposes. Some 

accommodation for "heterogeneity of capture probability" (i.e. assumption 5) is 

provided in the more sophisticated mark-recapture models, in order to reduce 

bias. In general, heterogeneity of capture will cause abundance estimates to be 

biased low (Cormack, 1972; Pollock et al., 1990). 

Assumption (6) is particular to the basic Lincoln-Peterson model for closed 

populations; however more sophisticated models have been developed for 

"open populations" which are influenced by births, deaths, and migration 

(Pollock et al., 1990). Previous studies have shown that the abundance of sperm 

whales in Kaikoura is best modelled using "open population" models because 

whales immigrate and emigrate both within and between field seasons 
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(Childerhouse et al., 1995; Gormley, 2002). The two basic open population 

models are the Jolly-Seber (JS) model and the Cormack-Jolly-Seber model 

developed independently by Cormack (1964), Jolly (1965), and Seber (1965) 

(Nichols, 1992). Both models are very similar; modeling the same parameters 

based on individual encounter histories (Nichols, 1992). An encounter history in 

its simplest form is a string of "O"s and ''l''s that indicate whether or not an 

individual was seen during a series of sampling occasions. For example, the 

following encounter history is for one individual over five occasions: 

1 100 1 = This individual was "captured" during sampling occasions 1, 2 and 

5 but not during occasions 3 and 4. 

The complete encounter history information for all individuals can be analysed 

with mark-recapture analysis software such as MARK (White and Burnham, 

1999) to derive estimates of survival probability (0) and recapture (re-sighting) 

probability (p) at each sampling occasion: 

0j = The probability that an animal survives from sampling occasion 

(j) to occasion (j + 1 ). 

pj = The probability that an animal is "captured" at occasion (j) given 

that it is alive and in the study area. 

In addition, the JS model also gives estimates of abundance ( JV) (Seber, 1965), 

whereas for the CJS model, estimates of abundance and their associated 

variances can be calculated using: 

(Equation 4.3) 

. (~) [(ni)2 (variance(pj))] Variance Nj = - 2 
Pi Pi 

(Equation 4.4) 
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Where Ni is the abundance estimate, pi is the estimated capture probability, 

and ni is the number of individuals 'captured' in the jth sampling period (Seber, 

1982; Loery et al., 1997). 

4.1.4. Modifications of the Jolly-Seber model 

Other models have been developed based on simplifications and 

generalisations of the JS and CJS models (Pollock et al., 1990). The standard 

model (termed model A) is the fully time-dependent model in which 0 and p 

vary between sampling occasions (Jolly, 1982). This general model can be 

simplified by restricting either 0 and/ or p to being constant for the entire study 

period (Jolly, 1982). The derived reduced-parameter models are termed models 

B, C and D: 

Model A (0,pJ Fully time-dependent model 

Model B (0 .pJ Constant survival probability 

Model C (0,p.): Constant recapture probability 

Model D (0 .p .): Constant survival and recapture probabilities 

Other simplified reduced-parameter models are the "deaths only" model and 

the "births only" model, which allow for only deaths (and emigration) or only 

births (and immigration), respectively (Pollock et al., 1990). Reduced parameter 

models allow for better precision in estimates of survival and recapture 

probabilities; however they may be too simplified to adequately explain the 

data (Burnham and Anderson, 1992). If the assumptions of the standard JS 

model are too confining, a more general model with introduced parameters can 

be used (Pollock et al., 1990). The three main generalised models are the age

dependent model; the cohort model, the temporary emigration model, and the 

temporary trap response model (see Pollock et al., 1990 for a review of these 
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models). The abundance of sperm whales in Kaikoura has been modelled 

previously by Gormley (2002) using the temporary "trap" response model. 

The temporary trap (or behavioural) response model, also termed "model 2" 

takes into account a behavioural response to "capture". This model, developed 

by Brownie and Robson (1983) allows the initial capture of each individual to 

have a short-term effect (typically one sampling period) on survival or capture 

probabilities. Such a temporary response can be applied to models A, B, C and 

D to derive models 2A (or simply model 2), 28 , 20 and 20 respectively (Pollock et 

al., 1990). Although sperm whales in Kaikoura are not physically trapped, 

individuals may still show a behavioural response to being approached for 

photography. After the first encounter individuals may become habituated to 

boats, which would raise their probability of"recapture". Similarly, individuals 

may become sensitised and avoid future approaches, thereby lowering their 

probability of "recapture". Gormley (2002) found the best-suited CJS model for 

the sperm whales in Kaikoura was model 28 in which 0 of newly captured 

individuals differs to 0 of previously captured individuals. This temporary 

"behavioural" response takes into account the presence of transient whales that 

are only seen in one sampling period (i.e. they are not re-captured), and will, 

therefore, have a lower apparent survival probability than previously captured 

resident whales. It is unlikely that transient whales are not surviving after they 

have been captured; therefore we use the term "apparent survival" which 

includes actual survival and emigration. 

Mark-recapture models can be further modified by adding relevant measured 

parameters (covariates) to the model (Buckland et al., 2002). For example, 

survival probabilities may be a function of environmental parameters such as 

temperature, or recapture probability may be a function of sampling effort 

during each sampling occasion. The addition of one or more covariates into a 

mark-recapture model can increase the precision of estimates (Clobert et al., 

1987). In the case of the sperm whales in Kaikoura, recapture probabilities may 
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be a function of the degree of effort spent on collecting photo-ID data in the 

field (this makes intuitive sense - if you spend more time on photo-ID, you 

raise likelihood of 'capturing' individuals, given they are alive and in the 

sampling area). By incorporating an 'effort' covariate into the mark-recapture 

model, it is possible to address the hypothesis that variation in capture 

probability of sperm whales in Kaikoura reflects variation in photographic 

effort. 

4.1.5. Model selection 

The large number of mark-recapture models available leads to the task of 

finding the best model to use. Use of an inappropriate model can lead to biased 

population estimates; therefore model selection is a crucial step in mark

recapture studies (Menkens and Anderson 1988). The biology of the study 

animal, relevant underlying environmental processes and the sampling 

methods used should be taken into account when deciding on a suitable model 

(Burnham and Anderson, 1992; Nichols, 1992). An important first step in model 

selection is goodness of fit (GOF) testing, to ensure that your general starting 

model adequately fits the data (Cooch and White, 2008). Once an appropriate 

starting model is found, variations in the general model structure can be 

applied (using simplifications, generalisations and covariates) to find the model 

structure that best fits the mark-recapture data. Generally, the more parameters 

that a model contains, the better the model fits to the data; however as the fit 

goes up the precision of estimates goes down (Burnham and Anderson, 1992). 

The most parsimonious model (i.e. a model which explains variations in the 

data while using the fewest parameters) in the candidate model set is selected 

by finding an optimal balance between fit and precision (Burnham and 

Anderson, 1992). Computer software such as CAPTURE (Otis et al., 1978; White 

et al., 1982), JOLLY (Pollock et al., 1990), and MARK (White and Burnham, 1999) 

can be used to carry out GOF tests and find the most parsimonious model for 

mark-recapture analyses. 
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4.1.6. Aims 

The overall aim of this chapter was to update existing abundance estimates for 

the sperm whales in Kaikoura. The last available abundance estimates have 

been calculated for the years 1991-2002 (Gormley, 2002). Since this period, 

photo-ID research has continued, and individuals have routinely been 

photographically "captured" during field seasons in 2002, 2005, 2006 and 2007. 

Using the available photo-ID data, the aims of this section were to: 

1. Use model selection (by altering general model structure, and incorporating 

a measure of sampling effort into the model) to find the most parsimonious 

mark-recapture model for the updated sperm whale mark-recapture dataset. 

2. Calculate estimates of abundance for sperm whales in Kaikoura based on the 

most parsimonious mark-recapture model. 

3. Analyse updated abundance estimates for any long-term significant trends in 

abundance (from 1990 to 2007). 

4.2. Methods 

4.2.1. Photo-identification, matching, and cataloguing 

Sperm whale fluke photographs were individually identified by exammmg 

holes, missing tips, nicks and scallops on the trailing edge of the flukes. 

Photographs that matched an individual in the photographic catalogue were 

given the existing identification name, while flukes without a match were given 

a new identification name based on the distinctive marks on the fluke. The best 

quality photograph of each "new" individual (i.e. individuals that had not been 

photographically identified previously) was added to the catalogue, while fluke 

photographs of known individuals (i.e. individuals that had previously been 

photographically identified) were updated with more recent and/ or better 

quality photographs, to keep the catalogue as up-to-date as possible. 

Photographs were examined and graded for quality as described by Amborn 

(1987). Photographic quality grades were based on focus, exposure, percentage 
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of the flukes visible, and orientation and tilt of the flukes (Arnbom, 1987). Based 

on these measures, fluke photographs were given a certainty value (Q) of 0-5, 

where QO represents a non-identifiable fluke photograph, and Q5 represents 

absolute certainty of identification (Fig. 4.1.) . 

Figure 4.1. Identification photographs of "HL160", showing photographic certainty 
values, QO (non-identifiable fluke) to Q5 (absolute certainty of identification). In 
this example, grades were chosen based on the fluke not being completely 
vertical (QO, Q2, and Q3), out of focus (Q 1 and Q2), and small relative to the 
frame (Ql, Q2, and Q4). In Q5 the fluke is in focus, completely visible, aligned 
with the angle of the camera lens, perpendicular to the surface of the water, takes 
up most of the frame, and has a good exposure level. 
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Only photographs of very high quality (Q3 or greater) were used for calculating 

abundance estimates. This helps meet the assumption of equal catchability, 

which is a requirement for mark-recapture methods of abundance estimation. 

By excluding average to bad quality photographs from analyses, all individuals 

have an equal chance of being "captured", so that abundance estimates are not 

biased towards individuals that have more pronounced marks on the trailing 

edge of their flukes (Amborn, 1987). If a photograph could not be identified it 

was named NIP (No Identification Possible) and not included in analyses. 

4.2.2. Data analysis 

The number of field days and the degree of effort spent on taking sperm whale 

identification photographs during fieldwork varied considerably between field 

seasons (Table 4.1). 

Table 4.1. Summary of field effort and photographic identification collection effort 
pooled by year. 

Year 
Number of field Number of Number of ID 

days encounters photographs taken 

1990 21 129 87 
1991 28 261 218 
1992 21 183 91 
1993 39 262 232 
1994 46 399 343 
1995 18 172 141 
1996 36 280 237 
1997 42 394 318 
1998 40 584 386 
1999 52 581 377 
2000 48 491 252 
2001 20 223 167 
2002 13 97 81 
2005 12 67 51 
2006 35 258 164 
2007 53 463 251 

If little time is spent on photographic sampling, or if a small number of 

identification photographs are taken in any one field season, large variances in 
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abundance estimates could result, obscuring any long-term trends that may be 

present. Therefore, the encounter data obtained from field seasons throughout 

the year were pooled into yearly encounter data to effectively increase the 

sample size of each encounter occasion and, therefore, statistical power of the 

analyses. 

The pooled yearly encounter data were summarized into a matrix of encounter 

histories; in which rows denote individual sperm whales and columns denote 

years 1990 to 2007. A "1" denoted that a whale was photographically identified 

at least once during that year, and a "O" denoted that a whale was not 

photographically identified that year. Data were analysed by modeling all 

whales, as well as resident whales only (i.e. whales that were encountered more 

than one field season). 

Mark-recapture analyses were carried out in program MARK (Version 5.1) 

(White and Burnham, 1999). For a comprehensive review of procedures in 

MARK, readers are directed to Cooch and White (2008). Variable intervals 

between sampling occasions were specified in MARK (no sampling took place 

during 2003 and 2004), so that these could be corrected for in mark-recapture 

models. 

4.2.3. Model selection 

A parametric bootstrap simulation procedure was used in MARK to assess the 

GOF of the general CJS model. This GOF test calculates the probability of 

observing a model deviance as large as your general starting model (with a p

value less than 0.05 indicating a lack of fit) (see Cooch and White, 2008). The 

CJS model has been used previously for estimating abundance of sperm whales 

in Kaikoura (Childerhouse et al., 1995; Gormley, 2002), as this open model 

allows for variation in recapture (p) and survival probabilities 0 which can be 

useful for modeling transient whales. 
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Modifications of the general CJS model were carried out in MARK to find the 

model structure that provided the best fit to the encounter history data. Models 

A, B, C, and D were constructed by modeling different combinations of 

constant survival and recapture probabilities (0 (.) and p
0

) and time-varying 

survival and recapture probabilities (0 (ycar)and p(yea)· Models 2, 2B, 2c, and model 

2
0 

were constructed by altering survival probabilities to model an initial 

"behavioural" response on survival probabilities. The most parsimonious of 

these models was then tested for an effect of sampling effort on recapture 

probabilities. The number of successful identification photographs (i.e. the 

number of encounters for which a fluke photograph was successfully taken) 

was used as a measure of effort, as this measure best reflects actual effort spent 

on collecting mark-recapture data (as opposed to using time as a measure of 

effort, which was often dedicated to collecting acoustic data or other ecological 

data). Effort-incorporated models were constructed by allowing capture 

probabilities to vary as a function of photographic effort alone (p (error1) or as a 

function of time and photographic effort in the form of an additive model (p (year+ 

The most parsimonious model in the candidate set can be found by comparing 

Akaike's Information Criterion (AIC) scores for each model (Akaike, 1973). AIC 

finds a balance between the number of parameters in the model, and the model 

fit: 

AIC = -2L + 2a (Equation 4.5) 

Where L is the maximum log-likelihood of the model (calculated by MARK) 

and a is the number of parameters in the model. MARK uses a small sample 

size version (AICc), described by Hurvich and Tsai (1989): 

2(a + l)(a + 2) 
AI Cc = AIC + -----

n - a - 2 
(Equation 4.6) 
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Where n is the sample size. As well as calculating AICc scores, MARK also 

provides relative differences in AICc scores (MICc) and AICc weights (co) for 

each candidate model, which can then be used to interpret the relative support 

for each model. The model that yielded the lowest AICc (and hence the highest 

co) was determined to receive the most support and was then used to estimate 

abundance. 

If two or more models received a similar amount of support (i.e. if MICc < 2: 

Burnham and Anderson, 2002), model-averaging was carried out to derive 

parameter estimates. Model-averaging accommodates for model selection 

uncertainty by making inference based on multiple models in the candidate 

model set (Buckland et al., 1997). Parameter estimates of candidate models (i.e. 

those models that received similar support) were weighted by AICc weights (co) 

to calculate average parameter estimates that incorporate model selection 

uncertainty. Model-averaged parameter estimates are calculated by: 

R 

avg ce) = I wi ei (Equation 4.7) 
i=1 

Where 8 1s the parameter estimate (in this case survival or recapture 

probability), R is the number of models for which the parameters is being 

averaged, and coi is the AICc weight for model i (Buckland et al., 1997). 

4.2.4. Abundance estimation 

The recapture probabilities resulting from the most parsimonious model (or 

from model-averaging of multiple models) were used to calculate abundance 

estimates for each sampling occasion (via equation 4.3). Log-normal confidence 

intervals were used as a measure of variance of abundance estimates, rather 

than standard confidence intervals which often give unrealistic lower limits that 

fall below zero (Buckland et al., 1993). 95% log-normal confidence intervals 

were calculated using: 
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(Equation 4.8) 

4.2.5. Trend analysis of abundance estimates 

Abundance estimates were analysed for long-term trends using simple linear 

regression. Simple linear regression can be used to analyse population change, 

as long as the error terms of the regression model are not serially correlated (i.e. 

the error term of one time period does not influence the error term of 

subsequent time periods) (Loery et al., 1997). A Durbin-Watson d statistic was 

calculated to test for the existence of serial correlation of residuals e between 

time periods t over n number of observations (Durbin and Watson, 1951): 

(Equation 4.9) 

If there is no serial correlation of the error terms the expected value of dis 2 

(Durbin and Watson, 1951). The existence of positive or negative serial 

correlation was tested by comparing the d statistic to critical upper du and lower 

dL limits (Durbin and Watson, 1951): 

d < dL -Positive serial correlation 

d> du-No serial correlation 

dL < d> du -Test inconclusive 

d> (4- dL) -Negative serial correlation 

Results from the regress10n analysis were used to interpret any trends of 

increasing or decreasing abundance of sperm whales in Kaikoura from 1990 to 

2007. 



Chapter 4-Abundance Estimation 52 

Over the course of the sperm whale research, there were slight changes m 

survey techniques (transect methods of searching were used during some field 

seasons) and distance travelled offshore (due to changes in restrictions). If the 

extent of spatial search effort changed over the course of the study, abundance 

estimates may be confounded. For each year of fieldwork, the area covered by 

encounters was calculated by constructing the smallest possible convex polygon 

around encounter locations, and calculating the area within this minimum 

convex polygon. A one-way AN COVA (analysis of covariance) was employed 

to test whether the size of the area covered by encounters could potentially 

explain any temporal trends in abundance estimates. In this analysis, the 

dependent variable was the yearly abundance estimates, the dependent 

variable was the years, and the covariate was the area covered by encounters 

during each year. 

4.3. Results 

4.3.J. Photographic identification results 

Throughout the duration ofmy field work contributing to this study, 411 good 

quality fluke photographs (i.e. photographs in which a whale could positively 

be identified) were taken. From these photographs, 58 individuals were 

identified, of which 45 (77.5%) were resident whales that have been identified 

in Kaikoura in up to fifteen previous field seasons (mean=4.4 field seasons, 

CV=0.87). The remaining 13 whales identified were "new" individuals (i.e. 

individuals that were not photographically identified in the area prior to this 

study) that may be transient whales, or may return in later seasons to become 

resident to the area. 

The number of different whales identified within any one field season ranged 

from 10 to 51 individuals (mean=25.12, CV=0.38), with a major percentage of 

these sightings comprising resident whales (mean=84:1%, range=55-I00%, 

CV=0.16) (Figure 4.2). There was no apparent overall increase or decrease in the 
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number of resident or transient whales identified across the entire 26 field 

seasons (Figure 4.2). The number of whales encountered each field season was 

highly variable; ranging from nine to 36 individuals per season for resident 

whales (mean=20.4, CV=0.31) and zero to 23 individuals for transient whales 

(mean=4.7, CV=l.12) (Figure 4.2). This variation is partly attributable to high 

variability in photographic effort, which ranged from 17 to 544 (mean=139.7, 

CV=0.81) successful identification photographs per field season (Figure 4.2). 
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Figure 4.2. Number of sperm whales identified in Kaikoura each field season between 
1990 and 2007 (S=summer, W=winter) (note, the SOS season was at the end of 
2005). Solid bars represent number of resident whales, clear bars represent 
transient whales, and the line represents the number of successful identification 
photographs taken during each field season. 

The number of transient whales identified per unit of effort appears to be fairly 

constant throughout the study period; with an average of 0.035 (CV=0.95) 

transient whales identified per successful identification photograph taken 

(Figure 4.3). The number of resident whales identified per unit effort is greater 

in general, which is expected because resident whales are available in the area 

for longer, increasing their chance of being photographically identified within a 

field season. The number of residents identified per unit of photographic effort 
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ranged from 0.055 to 0.530 (average=0.212, CV=0.546) and shows signs of a 

decrease later in the study period (Figure 4.3). This suggests that later in the 

study period fewer residents are being sighted in the area, even when the 

degree of photographic effort is taken into account. 
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Figure 4.3. Number of sperm whales identified per unit of photographic effort (number 
of successful identification photographs taken) in Kaikoura during field seasons 
between 1990 and 2007 (S=summer, W=winter). Open circles represent resident 
whales and closed squares represent transient whales. 

From 1990 to 2007, "new" sperm whales in Kaikoura (i.e. individuals that are 

photographically identified for the first time in the study area) have been 

identified at a relatively constant rate (Figure 4.4). Discovery of transient whales 

in particular, is very stable from 1990 to 2007, and throughout the last six field 

seasons, discovery of transient whales begins to exceed that of resident whales 

(although this is expected because in these last years these new "transients" 

have not yet had a chance to be re-sighted) (Figure 4.4). Discovery of resident 

whales is more gradual overall, and levels off for a period between the summer 

of 1998-99 to the winter of 2002 (Figure 4.4). The overall shape of the resident 
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whale discovery curve indicates a reduction m the number of new residents 

identified per field season between 1990 and 2007. 
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Figure 4.4. Discovery of sperm whales in Kaikoura between winter 1990 and winter 
2007 (S=summer, W=winter). The thin broken line represents the accumulation of 
all whales (n = 232), the thick solid line represents resident whales (n = 112) and 
the thick broken line represents transient whales (n = 120). 

4.3.2. Abundance of all whales 

The bootstrap GOF test showed that the general CJS model (i.e. 0 (year) p(ycar) fits 

the encounter data (the probability of observing a model deviance as large as, 

or greater than the estimated deviance (678.98) for this model= 0.087) based on 

1000 bootstrap simulations). Out of the candidate models tested, the three most 

parsimonious models contained a temporary "behavioural" response on 

survival (0 (ZB)) (Table 4.2). There was also considerable support for an additive 

model incorporating the covariate 'photographic effort' into estimates of 

recapture probabilities (p (effort + year) (Table 4.2). Since several models in the 

candidate model set contained similar support (MICc < 2.0), model averaging 

was used to derive estimates of recapture probabilities for estimating 

abundance. 
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Table 4.2. Candidate CJS mark-recapture models (ranked by AICc scores) estimating 
apparent survival (0) and recapture (p) probabilities of sperm whales in 
Kaikoura. See methods section for details of model notation. 

Model AICC AAICC Weight (roJ Parameters Deviance 

Model 2B 1296.98 0.00 0.7236 17 669.06 

0 (2 B) P (effort+ year) 1299.13 2.16 0.2462 18 669.06 

0 (2B) P (effort) 1303.79 6.81 0.0240 3 705.12 

Model 2A 1306.85 9.88 0.0052 29 652.44 

Model 20 1310.07 13.10 0.0010 3 711.41 

Model B - 0 (.) p(Year) 1327.22 30.24 0.0000 16 701.45 

Model 2c 1330.65 33.68 0.0000 15 707.02 

Model A - 0(Ycar)P(Year) 1333.40 36.42 0.0000 29 678.98 

Model C - 0 (Year)P(.) 1341.97 45.00 0.0000 16 716.21 

Model D - 0<.J p 0 
1346.68 49.70 0.0000 2 750.04 

The mean abundance estimate derived from model-averaging was 66 

individuals, although there is considerable inter-annual variation in estimates 

(CV=0.24) (Figure 4.5). There is a general declining trend in abundance 

estimates over the course of fieldwork, reflecting a loss of 51 sperm whales from 

1990 to 2007 (Figure 4.5). The largest abundance estimate is 97 individuals (95% 

CI: 62 to 153) in 1991, and the smallest is 39 individuals (95% CI: 27 to 54) in 

2006 (Figure 4.5). A Durbin-Watson analysis resulted in no evidence for serial 

correlation of the error terms (d= 1.88, dL = 0.81, du= 1.07, p>0.01),justifying the 

use of simple linear regression to analyse long-term trends in abundance 

estimates. The linear regression analysis showed evidence of a significant 

negative correlation between time and abundance (F-statistic = 49.43, p<0.001). 

The linear regression line corresponds with a decrease of 2.8 sperm whales per 

year (95% CI: 1.9 to 3.7 whales per annum). 
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Figure 4.5. Annual model-averaged abundance estimates of sperm whales in Kaikoura. 
Error bars are 95% log-normal confidence intervals. The linear regression 
equation is y=5669 - 2.804x, R2=0.79I. 

4.3.3. Abundance of resident whales 

As with the analysis of all whales, the bootstrap GOF test indicated that the 

general CJS model was a suitable starting model for the resident whale 

population (the probability of observing a model deviance as large as, or 

greater than the estimated deviance (634.01) for this model = 0.301 based on 

1000 bootstrap simulations). Again, the most parsimonious model was the 

temporary "behavioural" response model 2
8 

(Table 4.3). However, models also 

incorporating photographic effort (cp(2B)P(cITort+ycar) and P(cITort+ycar)) received a similar 

amount of support (MICc < 2.0) (Table 4.3) so model-averaging was used to 

derive final parameter estimates for abundance estimation. 
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Table 4.3. Candidate CJS mark-recapture models (ranked by AICc scores) estimating 
apparent survival (0) and recapture (p) probabilities ofresident sperm whales in 
Kaikoura. See methods section for details of model notation. 

Model AICC AAICC Weight (ro) Parameters Deviance 

Model 28 1067.62 0.00 0.5032 17 645.88 

(j) (2 B) P (effort+ year) 1068.56 0.94 0.3139 2 678.41 

(j) (2 B) P (effort+ year) 1069.81 2.20 0.1678 18 645.88 

Model 2A 1074.97 7.35 0.0128 30 623.74 

Model 20 1079.02 11.40 0.0017 3 686.84 

Model 2c 1082.20 14.58 0.0003 16 662.64 

Model A - cp(Year)P(Ycar) 1082.90 15.28 0.0002 29 634.01 

Model B - <:po p(Year) 1085.52 17.91 0.0001 16 665.97 

Model C - cp(Ycar)P(.) 1089.39 21.77 0.0000 16 669.83 

Model D - cp
0

p
0 

1095.68 28.06 0.0000 2 705.53 

Model-averaged abundance estimates of resident sperm whales in Kaikoura 

ranged from 89 individuals in 1991 to 38 individuals in 2006 (mean = 61, CV= 

0.24) (Figure 4.6). As for all whales combined, annual abundance estimates for 

resident whales decreased over the study period, declining by an estimated 44 

individuals from 1990 to 2007 (Figure 4.6). The Durbin-Watson test showed a 

simple linear regression model could be used as there was no serial correlation 

of the error terms (d = 2.32, dL = 0.81, du= 1.07, p>0.01). The negative correlation 

between time and abundance estimates was statistically significant (F-statistic = 

27.24, p<0.001), corresponding to an estimated decline of 2.4 resident sperm 

whales per annum (95% CI: 1.4 to 3.4 whales per annum). 
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Figure 4.6. Annual model-averaged estimates of abundance for resident whales (i.e. 
individuals that have been photographically "captured" in more than one field 
season) in Kaikoura. Error bars are 95% log-normal confidence intervals. The 
linear regression equation is y=4804 - 2.374x, R2=0.676. 

The size of the area covered by encounters ranged from 1.99 x 108 m 2 (in 1995) to 

8.91 x 108 m 2 (in 1991), with no apparent increase or decrease in area over the 

course of the study (Table 4.4). The one-way ANCOVA results indicate that 

there was no significant (i.e. p>0.05) covariance (i.e. no significant interaction) 

between sperm whale yearly abundance estimates and the area covered by 

encounters (F-ratio=7.42, p=0.185). 
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Table 4.4. Minimum area covered by sperm whale encounters (calculated as the 
smallest possible convex polygon encompassing encounter locations) during 
each year in which field work was conducted in Kaikoura. 

4.4. Discussion 

Year 

1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2005 
2006 
2007 

Area covered by encounters 
(m 2Xl08

) 

5.59 
8.91 
2.77 
3.76 
3.97 
1.99 
3.87 
7.09 
2.95 
6.01 
8.11 
3.44 
2.54 
1.45 
2.30 
5.62 

Mark-recapture methods were successfully employed to estimate sperm whale 

abundance in Kaikoura. Earlier abundance estimates were updated, at the same 

time refining previously used mark-recapture models to deal with the effects of 

unequal survival probabilities, variable intervals between sampling occasions, 

photo-quality, and photographic effort. 

Basic Jolly-Seber models have previously been used to estimate sperm whale 

abundance in Kaikoura (Childerhouse et al., 1995; Gormley, 2002), and this class 

of models seems to adequately fit the encounter dataset. A big concern in using 

these models for the sperm whales in Kaikoura is the assumption of equal 

probability of survival of all individuals, since transient whales clearly have a 

much lower sighting probability then returning resident whales. To account for 

this lower apparent survival probability of transient whales, Gormley (2002) 

introduced the use of Brownie and Robson's (1983) temporary "trap" or 



Chapter 4-Abundance Estimation 61 

"behavioural" response model 28 • This study also showed strong support for 

model 28 , not only for modeling the entire sperm whale population, but also for 

the resident portion of population. Gormley (2002) did not find similar support 

for a temporary "behavioural" response for modeling resident whales. Support 

for "behavioural" response in residents may indicate that some individuals are 

reacting to being approached in their initial photographic capture. If this is the 

case, individuals that have an aversion to being approached might avoid future 

"captures" or permanently leave Kaikoura, thereby lowering their (apparent) 

survival probability after their initial capture occasion. Alternatively, the 

presence of a temporary "behavioural" response in residents could indicate that 

a large number of individuals have only been encountered on two (or a low 

number) occasions and have subsequently not been encountered again in 

Kaikoura. These apparantly "semi-resident" whales would be expected to have 

a lower apparent survival than the more permanent resident whales that are 

encountered on many more occasions (in the same way that "transient" whales 

have a lower apparent survival than "resident" whales). In fact, a large portion 

of "resident" whales have only been encountered in Kaikoura during two field 

seasons (Gormley, 2002). Therefore, the definition of residents and transients 

may need to be reconsidered because there is no clear boundary between the 

two (since some "residents" are encountered routinely and stay in the area for 

weeks to months at a time, while other "residents" have only been seen passing 

through Kaikoura on two or three occasions and are subsequently not seen 

again). In future analyses, it might make more sense to simply consider the total 

number of sightings for each whale, rather than arbitrarily defining individuals 

as being "resident" or "transient". 

Model-selection also showed strong support for an effect of photographic effort 

on recapture probabilities. This reflects the considerable variation in the degree 

of sampling effort and hence the number of whales identified each sampling 

occas10n. Although there was no one best-supported model, final model

averaged results included considerable weight from the effort-incorporated 
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models. The inclusion of a measure of photographic effort in the model 

likelihood should have increased model robustness, and therefore is expected 

to provide more accurate estimates of population size than have been 

previously available. 

In the first mark-recapture analysis (spanning eight field seasons from 1990 to 

1993) of the sperm whales in Kaikoura, it was estimated that 60 to 108 

individuals visit the study area during any one field season (average from the 

Jolly-Seber model was 83 ± 23) (Childerhouse et al., 1995). In a later study 

spanning 10 years, Gormley (2002) reported abundance estimates that ranged 

from 62 to 122 individuals for all whales (average 79), and 52 to 90 individuals 

(average 67) for resident whales. Gormley's (2002) results revealed some 

temporal variation in abundance estimates, although there was no evidence of 

any long-term temporal trends. The current updated annual abundance 

estimates for the same IO-year period (i.e. 1990 to 2002) range from 57-97 

individuals, which is similar to the half-yearly estimates generated by 

Gormley's (2002) analysis. However, Gormley's (2002) estimates included a 

much larger upper limit of 122 sperm whales (including a noticeably large 

confidence interval) in 1992. This large abundance estimate corresponds to a 

field season of relatively low photographic effort (Table 4.1). The refined 

models used in this thesis reduce the effect of low (or high) sampling effort 

because photographic effort has been incorporated into the mark-recapture 

model, thereby effectively improving on the precision of abundance estimates. 

In this study, encounter data were pooled to estimate abundance at yearly 

intervals (abundance was estimated at half-yearly intervals in previous studies), 

effectively removing potential seasonal variation in abundance, and increasing 

sample sizes. By utilising a larger dataset and refining the structure of 

previously used models, this study has provided the first evidence of a 

temporal trend in estimated abundance of sperm whales in Kaikoura. The 

apparent trend suggests between 1990 and 2007, there has been a persistent 
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decline in the number of sperm whales visiting the area each year. A possible 

bias that this study addressed was the potential effect of changing spatial effort 

over the long-term course of the study. This is a potential issue because in the 

early years of sperm whale research in Kaikoura, regulations permitted 

researchers to conduct surveys further offshore. However, analysis of encounter 

positions showed that over the course of research in Kaikoura, there was no 

trend of increasing or decreasing size of the area covered by encounters, and 

area covered did not significantly co-vary with annual abundance estimates. 

This suggests that the observed decline abundance is not an artefact of variation 

in the sampling area. 

In addition to observing a long-term decline in abundance of the total number 

of sperm whales that visit Kaikoura, a similar significant decline was found 

when only returning resident whales were considered. This study has 

demonstrated that residents make up a large portion of sperm whale sightings 

(55 to 100% of sightings between 1990 and 2007), suggesting they are an 

important component of whales that visit the area. These resident whales also 

make up the majority of sightings by the local tour operators (Richter et al., 

2003). The discovery curve for resident whales infers that research has 

identified most of the resident population, and there is little turnover of these 

individuals. Therefore, an ongoing decline of these resident whales could have 

a significant negative impact on the routine seasonal persistence of sperm 

whales in the area. The observed long-term decreasing abundance estimates for 

of sperm whales in Kaikoura, raises the question of what has led to this 

apparent decline? In the following chapter, the mechanism of the apparent 

decline will be addressed by analysing long-term trends in the dynamics of the 

population. 
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Chapter 5: Population Dynamics 

5.1. Introduction 

5.1.1. Population growth rate 

Mark-recapture estimates in the prev10us chapter indicate that sperm whale 

abundance in Kaikoura has declined significantly from 1990 to 2007. Analyses 

of trends in abundance are of fundamental interest for population management, 

particularly in the conservation of declining populations. The rate of change of 

abundance over time, referred to as the population growth rate, is an important 

measure used to judge how abundance is changing in relation to successive 

time periods. In its most simple form, population growth rate at any time 

periodj can be defined as: 

Nj+1 
A·=-

1 N-
J 

(Equation 5.1) 

Where Aj is the population growth rate at time j, Nj is population abundance at 

time j and Nj+I is population abundance at time j+ 1 (Nichols et al., 2000). The 

value of A}ells us if the population is growing, stable, or declining at time j: 

Aj > 1 -The population is growing at time j 

Aj = 0 -The population is stable at time j 

Aj < 1 -The population is declining at time j 

Note that the term 'population growth rate' can refer to population increase or 

decrease, however, change in abundance is typically referred to as growth 

(regardless of whether abundance estimates are increasing or decreasing over 

time) so this convention will be followed throughout this chapter. 
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5.1.2. Population demographics 

Changes in population growth rate are a function of a population's 

demographics (Nichols et al., 2000). Demographic parameters can be 

summarised as "additions" of new individuals into a population (recruitment) 

and "removals" of individuals from a population (survival). Recruitment takes 

place through births and/ or immigration, and individuals are removed from a 

population through death and/ or emigration. Therefore, the expected growth 

rate is at time j is the net effect of the survival (0) and recruitment (j) of the 

population at time} (Nichols et al., 2000; Nichols and Hines, 2002): 

Aj = (/)j + [j (Equation 5.2) 

Very small changes in 0 and/ or f can lead to a significant change in the overall 

dynamics of a population. Particularly for long-lived species, a small reduction 

in survival and/ or recruitment can alter a population from a stable state to a 

state of decline (e.g. Wooller et al., 1992; Brault & Caswell, 1993). By comparing 

estimates of 0 and f, we can get a better understanding of which demographic 

process may be contributing most to changes in a population's growth rate, and 

hence any observed changes in abundance (Nichols et al., 2000). 

In Kaikoura, the sperm whale population is closed to recruitment through 

births, since no calves are born here (females are rarely sighted in Kaikoura and 

no juvenile whales have been observed). Therefore, it is reasonable to assume 

recruitment of new whales into Kaikoura occurs only through immigration. 

Removal of sperm whales from the Kaikoura can occur through emigration and 

death. Individual sperm whales routinely emigrate from the area. Sperm whale 

deaths occur occasionally in the Kaikoura area and in other parts of New 

Zealand waters, so losses via deaths are also likely to occur. If there are 

significant changes in identifying marks, survival can be confounded with mark 

loss. Similarly, recruitment may be confounded with mark accumulation. 

Although fluke mark changes do occur, Childerhouse et al. (1996) have 
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5.1.3. Pradel's temporal symmetry models 

Temporal symmetry models were first described in detail by Pradel (1996). This 

class of models are essentially a re-parameterisation of the JS and CJS models 

(Cormack, 1964; Jolly, 1965; Seber, 1965), the difference being that Pradel 

models focus on modeling the probability of entrance of new recruits into a 

population (Cooch and White, 2008). Individual encounter histories (described 

in the previous chapter) are interpreted in reverse order so that inference can be 

made about the recruitment process and population growth rate (Pollock et al., 

1974; Nichols et al., 1986; Pradel, 1996). By conditioning on later time periods, 

reading backwards through encounter histories, and observing captures in 

earlier time periods, it is possible to estimate when individuals entered the 

population (Pradel, 1996; Nichols et al., 2000; Nichols and Hines, 2002). The 

result is a new primary parameter; the seniority probability (y) first described 

by Pradel (1996): 

yj = The probability that an animal present at occasion j was already 

present in the sampled population at occasionj-1. 

y reflects the proportion of the population that was previously in the 

population, which means that y is essentially the reverse of survival probability 

(0) (i.e. survival probability extending backwards in time; Pollock et al., 1974). 

From the seniority probability, we are able to derive two further probabilities; 

recruitment (f) and population growth rate (A,) (Pradel, 1996): 

J; = The number of new individuals present in the population at 

occasion j per animal present at occasion j-1 (i.e. net recruitment 

per individual). 

A summary of how f, A, and y are linked is shown in table 5.1 (see Cooch and 

White (2008) for how these relationships are derived). Pradel models are, thus, a 

useful tool in the study of population dynamics as they give direct estimates of 
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chapter). The most of crucial of these assumptions 1s that marked and 

unmarked individuals have an equal chance of being "captured" (Franklin, 

2001; Nichols and Hines, 2002; Cooch and White, 2008). 

Estimates of survival and reproductive rates can provide valuable insight into 

why a particular population is increasing or decreasing. In particular, it is often 

of great interest to estimate the sensitivity of population growth rate to changes 

in survival and recruitment (sensitivity analysis). One way to carry out a 

sensitivity analysis is to use a Pradel model to estimate the seniority probability 

(y) (Nichols et al., 2000; Nichols and Hines, 2002). The value of y is essentially 

the proportional contribution of survival to population growth rate (Nichols et 

al., 2000; Nichols and Hines, 2002). Conversely, the value of 1-y is regarded as 

the proportional contribution ofrecruitment to population growth rate (Nichols 

et al., 2000; Nichols and Hines, 2002). Based on these contributions, it is possible 

to make inference on which demographic process strongly influences any 

observed population decline. 

5.1.4. Aims 

In the previous chapter, it was estimated that the number of sperm whales in 

Kaikoura has declined from c.97 whales in 1990 to c.46 whales in 2007. The aim 

of this chapter is to better understand the underlying dynamics of this apparent 

decline in abundance, by focusing on modeling survival rate, recruitment, and 

population growth rate. Pradel's temporal symmetry models will be used to 

model population growth rate, survival, and recruitment, and these parameter 

estimates will be analysed for long-term trends. It is acknowledged from the 

onset that this will be difficult, chiefly because of the limited spatial and 

temporal scale of research in comparison to the movement range of individual 

sperm whales and their longevity. Nevertheless, it is expected that trends in 

population growth rate will closely resemble the observed changes in 

abundance estimates, since population growth rate is a measure of change in 

successive abundance estimates. Seniority probability will be estimated and 
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analysed in an attempt to determine how recruitment of new individuals into 

Kaikoura) and apparent survival (through emigration and death) contribute to 

changes in population growth rate (and hence abundance). 

5.2. Methods 

5.2.1. Data analysis 

The temporal symmetry models of Pradel (1996) were employed in program 

MARK (Version 5.1) (White and Burnham, 1999) to model seniority (y ), 

population growth rate (A), recruitment (J), survival (0), and recapture 

probabilities (p ). The encounter data from the previous chapter were used in 

the same format (for reverse-time modeling MARK automatically interprets 

encounter histories in reverse order so that they do not need to be "flipped" by 

the user). MARK provides four alternative formulations of Pradel's temporal 

symmetry models which each model different combinations ofp, 0, y ,f, A: 

1. Pradel seniority only - models y and p 

2. Pradel survival and seniority - models 0, p, and y (and derives A) 

3. Pradel survival and lambda-models 0, p, and A 

4. Pradel survival and recruitment -models 0, p, and/(and derives A) 

These formulations are different parameterisations of the same underlying 

process, so each formulation gives the same parameter estimates common to the 

other Pradel formulations (Cooch and White, 2008). Two equivalent 

formulations of the Pradel model were fit to the sperm whale encounter 

histories so that all four parameters could be modelled. The "survival and 

seniority" (2 above) formulation was used to derive seniority probabilities, 

while the "survival and recruitment" (4 above) formulation was used to derive 

estimates ofrecruitment, survival and population growth rate. 

As Pradel models are essentially a re-parameterisation of the CJS model, 

adequate goodness-of-fit of the CJS model implies proper fit for the Pradel 



Chapter 5 - Population Dynamics 71 

model also (Schwarz, 2001; Matlock and Skoda, 2009). Therefore, goodness-of

fit of Pradel models can be assessed in MARK by evaluating the goodness-of-fit 

of the CJS model in forward time (Nichols et al., 2000; Matlock and Skoda, 

2009). It has already been established in the previous chapter, that the CJS 

model adequately fits the sperm whale dataset (see page 55), thus warranting 

the use of reverse-time modeling to estimate population parameters for the 

Kaikoura sperm whales. 

5.2.2. Model selection 

A total of 29 models were run across the two Pradel formulations chosen. For 

each formulation, eight starting models were first constructed, based on 

different combinations of constant (.) or time-varying (year) p, 0, y, f, and "A. 

The effects of an initial "behavioural" response on survival (0<2Bl) and 

photographic effort on recapture probabilities (both p(ycar + effort and p( effort) were 

considered for those starting models that received adequate support (i.e. MICc 

< 7: Burnham and Anderson, 2002). These modifications were based on results 

from the previous chapter (see page 56) and were applied in attempt to increase 

the robustness of analyses. As in the previous chapter, models were ranked by 

their AICc scores, and model-averaging was used to derive final parameter 

estimates for analyses. Ninety five percent unconditional confidence intervals 

(provided by MARK) were used as a measure of precision of model-averaged 

parameter estimates (see Cooch and White, 2008 for a detailed discussion on 

derivation of unconditional confidence intervals). 

5.2.3. Parameter analyses 

The first and last estimates of recruitment (j) and population growth rate ("A) 

had unrealistically large standard errors (due to confounding among 

parameters) and were, therefore, removed. Such confounding is a consequence 

of the fully time-dependent Pradel model (Franklin, 2001; Cooch and White, 

2008), and is evident in model-averaged results that include the fully time

dependent model (Cooch and White, 2008). 
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The remaining model-averaged parameter estimates were analysed for 

temporal trends, in particular any potential decreases in 0 or/ over time that 

may coincide with the observed decline in abundance estimates. Estimates of y 

were examined to make inference on the proportional contribution of0 andfto 

changes in '"A. Changes in population growth rate can be attributed more to 

survival if y > 0.5, and more to recruitment if y < 0.5 (Nichols et al., 2000). In 

addition to analysing the strength of contributions, the relative variability 

versus stability of survival and recruitment estimates were also compared for 

their effects on changes in population growth rate. 

5.3. Results 

The most parsimonious Pradel models were those with a constant survival 

probability, or temporary "behavioural" response on survival (model 2B) (Table 

5.1). Model selection showed support for constant or time-varying recruitment 

probabilities (MICcJ;.) < 7) (Table 5.1). There was strong support for a constant 

seniority probability over time (Table 5.1), with a model-averaged seniority 

probability of 0.86 (95% CI: 0.79-0.99) across the study period. This suggests 

that apparent survival at Kaikoura is the more significant component of 

population growth (because y > 0.5). These results indicate that survival 1s 

about 8-9 times more important to population change than recruitment is. 
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Table 5.2. Model selection for sperm whales in Kaikoura based on two different Pradel 
model formulations (the first being the "seniority formulation" which models 
seniority (y ), survival (0 ), and recapture probabilities (p ); the second being the 
"recruitment formulation" which gives direct estimates of recruitment (j) and 
also models survival (0) and recapture probabilities (p)). Models are ordered 
based on AIC, scores calculated in program MARK. Only models with an AICc 
weight (m) > 0 are shown. 

Model Structure AICC AAICC Weight (ro) Parameters Deviance 

0 (.) P (year) Y (.) 2399.89 0.00 0.5037 18 722.31 

0 (2BJ P (year) Y (.) 2401.91 2.03 0.1829 19 722.19 

0 (.) P (year+ effort) Y (.) 2402.04 2.15 0.1717 19 722.31 

0 (year) P (year) Y (.) 2403.86 3.97 0.0690 31 697.63 

0 (2BJ P (year+ effort) Y (.) 2404.07 4.19 0.0621 20 722.19 

0 (.) P (year) Y (year) 2408.31 8.42 0.0074 31 702.07 

0 (2BJ P (year) Y (year) 2410.19 10.30 0.0029 32 701.69 

0 (year) P (year) Y (year) 2415.96 16.07 0.0002 44 679.52 

0 (year) P (.) Y (.) 2420.03 20.14 0.0000 17 744.60 

0 (.) P (yearlryear) 2398.66 0.00 0.2022 26 703.62 

0 (28) P (year+ effort/ryear) 2398.85 0.19 0.1843 26 703.81 

0 (.) P (yearlr.) 2399.35 0.69 0.1433 17 723.92 

0 (year) P (year)!;.) 2399.49 0.83 0.1333 29 697.76 

0 (2B) P (year)J;year) 2400.37 1.71 0.0861 27 703.11 

0 (.) P (year+ effort)J;year) 2400.88 2.22 0.0666 27 703.62 

0 (2B) P (year)!;.) 2401.27 2.61 0.0548 18 723.69 

0 (.) P (year+ effort)!;.) 2401.49 2.83 0.0491 18 723.92 

0 (year) P (year)J;year) 2401.59 2.93 0.0467 37 681.61 

0 (2B) P (year+ effort)!;.) 2403.42 4.76 0.0187 19 723.69 

0 (year) P (year+ effort)J;year) 2403.91 5.25 0.0146 38 681.61 

0 (year) P (.)!;year) 2412.47 13.81 0.0002 25 719.64 

0 (year) P (.)J;.) 2413.17 14.51 0.0001 13 746.23 
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Model-averaged survival estimates for sperm whales in Kaikoura are fairly 

constant from 1991 to 2007, with an average weighted-estimate of 0.83 (range: 

0.80 to 0.84) (Figure 5.1). 
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Figure 5.1. Model-averaged annual apparent survival probabilities (0) of all sperm 
whales in Kaikoura. The error bars are the model-weighted 95% unconditional 
confidence intervals. 

While uncertainty is large, model-averaged estimates of population growth 

suggest that the Kaikoura sperm whale population was stable during 1994-95 (1c 

:::: 1), increasing from 2000-01 (1c > 1) and declining during the remaining years 

of the study period (1c < 1) (Figure 5.2). Although there is no clear trend in 

population growth estimates, the identified shifts in growth rate estimates 

correspond with slight increases and decreases in abundance estimates in the 

previous chapter. 
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Figure 5.2. Model-averaged annual growth rate probabilities (1c) of all sperm whales in 
Kaikoura. The error bars are the model-weighted 95% unconditional confidence 
intervals. 

Average recruitment rate of sperm whales into Kaikoura is 0.14 (Figure 5.3). 

Recruitment estimates had large confidence intervals and were variable 

throughout the study period. Periods of relatively high recruitment rates (1994-

95 and 1999-2001) are comparable to periods of estimated population increase 

(Figure 5.2). In particular, summer 2000/ 01 was a season in which a relatively 

large number of whales were 'captured' including many new transient whales 

(see Figures 4.2 and 4.4, Chapter 4). Similarly, periods of relatively low 

recruitment (1992, 1997 and 2002) are comparable to periods of estimated 

population decline (Figure 5.2). 
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Figure 5.3. Model-averaged annual recruitment probabilities(/) of all sperm whales in 
Kaikoura (derived from the Pradel "recruitment formulation"). The error bars are 
the model-weighted 95% unconditional confidence intervals. 

5.4. Discussion 

The population dynamics of the sperm whales in Kaikoura were successfully 

modelled using Pradel's temporal symmetry models. The model-averaged 

results that best fitted the sperm whale encounter data have low precision, but 

suggest that sperm whale survival in Kaikoura has been constant between 1990 

and 2007, while population growth rate and recruitment have fluctuated over 

this time period. 

As expected, the temporal variation in population growth rate estimates was 

comparable to the observed temporal changes in abundance estimates. In 

particular, there was a notable increase in the population during 2000-01, which 

coincides with a period of increasing abundance estimates observed in the 

previous chapter of this thesis. During this field season, a relatively large 
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number of whales was sighted, including a large proportion of transient whales 

(see Figure 4.2 and Figure 4.4, Chapter 4). Despite the few brief periods of 

positive population growth, estimates suggest a declining population (i.e. 

population growth rate estimates < 1) for the majority of years of the study. 

This corresponds well to the declining abundance estimates in the previous 

chapter). Sperm whales are estimated to have a low rate of population increase 

in the order of 1 % per year (Whitehead, 2002). Maximum potential growth rate 

has been lowered by previous whaling, which largely targeted mature males 

and may have changed the whale's complex social structure (Whitehead, 2003). 

Therefore, any positive population growth is expected to be slow and this may 

be of concern for the sperm whales in Kaikoura. 

Estimates of seniority probability suggest that most of the variation m 

population growth rate estimates is attributable to survival. Estimates indicate 

that population growth rate is 8-9 times more sensitive to apparent survival 

than to recruitment. Apparent survival includes true survival and emigration. 

The two are confounded, but at Kaikoura it is likely that emigration is a 

relatively strong contributor to apparent survival. Sperm whales at Kaikoura 

are mostly pubertal or mature males that have not yet taken on the highly 

migratory life of large breeding males. Hence, we would expect the resident 

whales at Kaikoura to eventually leave, while transient whales are expected to 

counter-balance this effect to maintain numbers over time. 

In many marine mammal populations, adult survival is the more important 

demographic process regulating the dynamics of the population (e.g. Eberhardt 

and Siniff, 1977; Brault and Caswell, 1993; Fujiwara and Caswell, 2001). Adult 

survival is generally high (>0.90) for large mammal species (Eisenberg, 1981; 

Harvey et al., 1989; Gaillard et al., 1998), and even a small decrease in adult 

survival can coincide with a population decline (e.g. Eberhardt and Siniff, 1977; 

Eberhardt, 1985). The apparent decrease in occurrence of sperm whales in 

Kaikoura cannot be attributed to decreasing survival, as survival estimates 
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were more or less constant over the course of the study period. However, a 

decrease in population size could also be caused by a low (but not decreasing) 

survival rate. The average survival rate estimate was only 0.83 (range 0.80 to 

0.84), which is low compared with other whales. Mark-recapture estimates of 

survival currently available for other cetacean species are: 0.9986 for orca 

(Brault & Caswell, 1993), 0.96 for humpback whales (Barlow and Clapham, 

1997), 0.984 for bowhead whales (Zeh et al., 2002), and 0.951 for western Gray 

whales (Bradford et al., 2006). However, as indicated above, we would expect 

emigration to lower apparent survival of sperm whales in Kaikoura. Inclusion 

of transient whales in the analysis also has this effect (because transients do not 

return to Kaikoura and, therefore, lower the apparent survival rate for the 

entire sperm whale population). Whatever the cause, it appears that persistence 

of individuals has not been high enough to maintain numbers in the area. 

Recruitment rate estimates were also generally low across the study period; 

however, there were intermittent periods when recruitment rate estimates were 

relatively high. In particular, there was a peak in recruitment during 1999-01, 

which coincided with an increase in population growth rate. Although seniority 

estimates suggest that population growth rate was not particularly sensitive to 

recruitment, a visual inspection of the recruitment and population growth rate 

trends suggests that on a few occasions during the study period, movement of 

new individuals into Kaikoura had a notable effect on population increase. 

The results from this study give us a basic understanding of how recruitment of 

new whales and persistence of known whales regulate changes in sperm whale 

numbers in Kaikoura. However, it is difficult to relate the apparent decline in 

abundance to these processes, as there were no overall changes in these 

parameters over the course of the study. Although population growth rate was 

more sensitive to changes in apparent survival, intermittent periods of 

relatively high recruitment also appeared to also play a substantial role m 

population fluctuations on smaller time scales. In conclusion, it appears that 
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observed population decline is primarily due to relatively low persistence of 

individuals (apparent survival), and the intermittent periods of recruitment of 

individuals into the area has not been enough to counteract this low apparent 

survival. 

This was the first attempt to model the population dynamics of the sperm 

whales in Kaikoura. To better understand how sperm whale movements into 

and out of Kaikoura affect population growth rate, there is a need for more 

detailed analyses. In future analyses, it may be of interest to relate variability in 

survival and/ or recruitment to external variables, such as temperature, 

productivity, or levels of human impact (such as tourism activity). These 

external variables can easily be incorporated into the model structure as 

covariates (as was done with photographic effort in this study). Comparison of 

these models would allow us to test specific hypotheses about which external 

variables may play a role in affecting survival and recruitment rates, and 

ultimately changes in population growth rate. Gaining an understanding of 

how ecological factors such as food availability or level of disturbance affect the 

long-term persistence of individuals is of primary importance for ongoing 

management of sperm whales Kaikoura. 
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Chapter 6: General Discussion 

6.1. Summary of major findings 

Datasets derived from long-term studies hold valuable information that can be 

important in developing our understanding of population biology. In 

particular, long-term photo-ID studies are a vital research tool for monitoring 

changes in the status of threatened or previously exploited populations. The 

compilation of a relational database (chapter 3) has been a significant step 

forward in the efficient management of the Kaikoura sperm whale dataset. The 

associated digital photographic catalogue should be particularly useful for 

future analyses involving individual recognition. In this study, the fluke 

catalogue and associated encounter data were used to assess the long-term 

occurrence of sperm whales in Kaikoura. This has been achieved using two 

different approaches within a mark-recapture framework: abundance 

estimation (chapter 4), and population growth rate (chapter 5). 

Both approaches suggest that the number of sperm whales utilising Kaikoura's 

waters has declined between 1990 and 2007. Short periods of population 

increase were detected; however, this was within a long-term decline over the 

course of the study. Based on the estimated trend, the annual number of sperm 

whales visiting Kaikoura has declined from c. 97 whales (comprising 89 

seasonal residents) in 1990 to c. 55 whales (comprising 50 seasonal residents) in 

2007. 

In chapter 5 of this thesis, an attempt was made to relate the observed decline in 

abundance to the demographics of the population, using the relatively new 

technique of temporal symmetry modeling. This approach was used to analyse 

trends and estimate the separate contributions of recruitment (through 
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immigration) and survival (through permanent emigration and death) to 

changes in population growth rate. The population is characterised by 

intermittent immigration and relatively low apparent survival. The latter, given 

the biology of this species, is almost certainly due to emigration. Indeed the 

largest males are expected to eventually leave Kaikoura to take up a more 

solitary, wide-ranging existence governed by migration from high latitude 

feeding grounds to tropical breeding grounds, where they search for nursery 

groups of females and calves (Best, 1979; Whitehead, 2003). While the migration 

of these large animals is expected, what the decline reveals is that, for some 

reason, immigration (particularly of resident whales) has not kept pace. This 

was a first attempt at modeling the dynamics of the sperm whales in Kaikoura, 

and this preliminary study has given some useful starting models and 

hypotheses which may provide direction for future work in this area. 

6.2. Limitations and discussion of findings 

The apparent decline in abundance can only be interpreted at the relatively 

small scale of the study area, and might not necessarily correspond to a decline 

at the larger scale at which these individuals range. The sperm whale's feeding 

grounds extend further offshore and up the coast, well beyond the scope of the 

study area (e.g. Gaskin and Cawthorn, 1967). As the inshore waters covered by 

the study area is only a small portion of their range, conclusions made from this 

research are largely limited by spatial effort. Declining abundance within the 

study area may simply be due to redistribution of animals to favour offshore 

waters. Even if this is the case, it is still interesting that over the course of this 

study, there has been an apparent decrease in the number of whales using 

Kaikoura's inshore waters. This is of concern because the high re-sighting rate 

of some resident individuals suggests that the inshore waters are an important 

part of their range. An important question that stems from the findings of this 

study is what has caused the apparent decline in the number of sperm whales 

utilising Kaikoura's inshore waters? 
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Although this study gave some insight into the contribution of demographic 

parameters to changes in population growth rate, this research cannot isolate 

specific underlying factors that are driving changes in immigration of new 

recruits into Kaikoura, and/ or decreasing persistence of individuals. Several 

factors may be influencing movement of sperm whales into and out of 

Kaikoura, and could be acting within in the study area, or in other parts of their 

range. Declining abundance of cetacean populations has been attributed to 

various causes (Table 6.1), any ofwhich may affect sperm whales in Kaikoura. 

Accidental mortality is the dominant threat, affecting 78% of marine mammal 

species (Schipper et al., 2008). The main causes of accidental mortality are 

bycatch in fisheries and collisions with boats (Schipper et al., 2008). These two 

causes of mortality are particularly well documented as major threats to the 

critically endangered North Atlantic right whales (Barlow et al., 1995; Kraus, 

1990; Fujiwara and Caswell, 2001). Mortality cannot be ruled out as a potential 

contributing factor to declining abundance of sperm whales in Kaikoura. 

Between 1990 and 2007, 95 sperm whale stranding events, involving 134 

individuals, have been recorded around New Zealand (www .doc.govt.nz). In 

the Kaikoura area 11 stranded individuals were found during this time. One of 

these individuals stranded alive, two showed evidence of an accident/ collision, 

while the remainder were too far decomposed to ascertain a cause of stranding 

(www .doc.govt.nz). In the Mediterranean, boat strike and bycatch (in high seas 

swordfish drift nets) are the main threats to a declining sub-population of 

sperm whales (Reeves and N otarbartolo di Sciara, 2006). These threats may be 

an issue in the waters surrounding Kaikoura, and elsewhere in their range. For 

example, in the Southern Ocean, sperm whales regularly interact with longline 

fisheries and frequently become entangled in the lines (Kock et al., 2006). 

Although Kock et al. (2006) comment that these interactions are rarely fatal at 

the time, the potential for delayed mortality should be considered. 

Additionally, entanglements might cause whales to avoid certain areas, or boats 
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in the future. There has been no targeted research (e.g. observer programs) to 

assess human impacts on sperm whales in New Zealand. 

Table 6.1. Examples of principal threats thought to have driven recent declines in 
various worldwide cetacean populations. 

Declining population 

Spinner dolphins (Stene/la 

longirostris orientalis) (Eastern 

tropical Pacific) 

Sperm whales (Physeter 

macrocephalus) (Galapagos 

Islands) 

Beluga whales (Delphinapterus 

leucas) 

(Cook Inlet, Alaska) 

North Atlantic right whales 

(Eu balaena glacias) 

(North-western Atlantic) 

Hector's dolphins 

( Cephalorynchus hectori) 

(New Zealand) 

Sperm whales (Physeter 

macrocephalus) (Mediterranean) 

Bottlenose dolphins (Tursiops 

truncatus) (Shark Bay, Australia) 

Short-beaked common dolphins 

(Delphinus deplhis) 

(Mediterranean Sea) 

Bottlenose dolphins (Tursiops 

truncatus) 

(Doubtful Sound, New 

Zealand) 

Principle cause of 
recent decline 

Bycatch in the tuna 

purse-seine fishery 

Redistribution due to 

past whaling 

Ongoing subsistence 

hunting 

Human caused 

mortalities (principally 

entanglements and 

boat collisions) 

Bycatch (gillnet and 

trawl fisheries) 

Boat strike and 

fisheries bycatch (drift 

nets) 

Tourism activity 

Prey depletion due to 

overfishing 

Habitat modification 

References 

Wade, 1993 

Whitehead et al., 

1997 

Hobbs et al., 2000; 

Mahoney and 

Shelden, 2000 

Kraus, 1990; 

Fujiwara and 

Caswell, 2001 

Slooten, 2007; 

Slooten and 

Dawson, 2010 

Reeves and 

N otarbartolo di 

Sciara, 2006 

Bejder et al., 2006 

Bearzi et al., 2008 

Currey et al., 2009 
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Avoidance behaviour may play a role the observed decline of sperm whales in 

Kaikoura. As these whales are frequently visited by tour boats, airplanes, 

helicopters, and (much less frequently) by research vessels, individual whales 

may be reacting by reducing their time spent in the area, not coming so close 

inshore, or by leaving all together. Tourism activity in Kaikoura focuses 

primarily on the resident portion of the population (Richter et al., 2003), as they 

are generally sighted closer to shore than transients (Childerhouse et al., 1995; 

Richter et al., 2003). Although resident whales appear to be more tolerant of 

human activity (Richter et al., 2003), this does not imply they are unaffected. 

Richter et al. (2003) found that in the vicinity of whale watch platforms, 

individuals reacted by decreasing their blow interval, increasing time spent at 

the surface, changing their heading more frequently, decreasing aerial 

behaviours, and decreasing the time to their first click at the start of dives. 

Although these reactions were typically small and not deemed to be of 

biological consequence (Richter et al., 2003), it is often difficult to infer biological 

significance based on short-term behavioural responses (Bejder et al., 2006; 

Lusseau, 2007). Therefore, the effects of whale watching activities on the sperm 

whales in Kaikoura should be reassessed. Such a re-assessment has just begun 

in Kaikoura, and aims to determine if the current level of permitted whale 

watching activity is sustainable. 

The observed decline in abundance could also be due to sperm whales moving 

to other areas in response to environmental variation, particularly factors which 

influence variation in food availability. Sperm whales have been shown to 

move great distances over time scales of hours to days to remain in areas where 

feeding success is high (Whitehead, 1996). In the Gulf of California, long-term 

changes in sperm whale abundance have been related to changes in fishery 

catch rates of jumbo squid (Dosidicus gigas) (sperm whale prey) (Jaquet et al., 

2003). Off the coast of Kaikoura, sperm whale feeding grounds extend at least 

60 miles out to sea (probably much further - they are often seen by fishers 

trawling for orange roughy (Hoplostethus atlanticus) on the Chatham Rise; D. 
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Robertson, personal communication to S. Dawson), up the coast into the Cook 

Strait, and at least up to the bottom of the North Island (Gaskin and Cawthorn, 

1967). Individuals may have moved to other parts of this expansive feeding 

area to exploit changes in prey abundance, either because prey abundance has 

declined within the study area, or increased in surrounding waters. In general, 

squid populations are notably ephemeral; few species live for more than one 

year, and recruitment is driven by environmental conditions. Thus, squid 

distribution and abundance can vary markedly from year to year (Rodhouse, 

2001). It would be reasonable to expect the distribution of sperm whales, the 

most mobile of squid predators, to change in response. Further, there is 

evidence of long-term changes in local squid populations. Jones (2007) has 

noted declining prevalence of squid in the stomach contents of orange roughy 

caught on the Chatham Rise. Such changes could easily cause sperm whales to 

redistribute away from the inshore waters of Kaikoura. In order to relate the 

declining abundance of sperm whales in Kaikoura to variables such as food 

availability, environmental fluctuations such as primary productivity could be 

determined and analysed for any long-term trends. Additionally, future 

sighting surveys could be conducted further offshore or along the coast to 

determine if known individuals have shifted their distribution to other parts of 

the sperm whales' expansive feeding grounds. 

It should also be considered past whaling activities in the area may be having 

lingering effects on the occurrence of sperm whales in Kaikoura. Although the 

current research project began 26 years after commercial whaling ended in New 

Zealand, the negative effects of whaling can still be evident decades after 

whaling has ceased (Whitehead, 2003). If this is the case in Kaikoura, sperm 

whale abundance may have already been declining long before research began 

in the area, perhaps since the commercial whaling period. We have no records 

of pre-whaling sperm whale numbers off the coast of Kaikoura to compare 

historical abundance with current abundance estimates. The only information 

available on occurrence of sperm whales in Kaikoura is based on the 1964 
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catches by the Perano whalers (a total catch of248 sperm whales: Grady, 1982), 

which indicates that at least that many individuals utilised Kaikoura's waters 

during that year. Removal of a large number of individuals can cause 

individuals to redistribute to other areas, as has been observed in a declining 

population of sperm whales in the Galapagos (Whitehead et al., 1997). 

Additionally, removal of a large portion of mature males from an area (which 

was the case in Kaikoura: Grady, 1982) alters the sex distribution, and can 

therefore, lower pregnancy rates many years after whaling has ceased (e.g. 

Whitehead et al., 1997). If this is the case for sperm whales in New Zealand, we 

would expect to see fewer new recruits coming into the population. 

6.3. Future developments and implications for management 

In conclusion, the declining abundance of sperm whales in Kaikoura may be 

due to any combination of factors within the study area, or elsewhere in the 

whales' range. These possible impacts have been discussed, and should be 

investigated further to isolate potential causes leading to declining number of 

individuals in Kaikoura's inshore waters. This study has provided more detail 

on the dynamics of this population than has been previously available, and 

future directions have been given for further developing these preliminary 

models. Future models could more explicitly incorporate sighting effort by 

making more use of the GPS tracking files. Although the spatial extent covered 

by encounters was investigated in this study, this method is relatively crude as 

it does not consider the full extent of the search, or the temporal component of 

search effort. Attention should also focus on testing hypotheses as to why the 

abundance of sperm whales in Kaikoura has declined. In addition to the ideas 

mentioned in this discussion, further studies could involve spatial analyses to 

determine long-term patterns in individual distribution. 

Despite 19 years of research, and an intensive whale-watching industry, our 

knowledge of the whales that visit Kaikoura still contains large gaps. For 
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example, we do not know where these sperm whales come from, where they go 

when they leave the study area, or the relative importance of Kaikoura's waters 

as a long-term feeding ground. The year-round presence of sperm whales in 

Kaikoura, including many individuals that are regularly re-sighted, suggests 

that Kaikoura is an important feeding area for these individuals. Consequently, 

this routine occurrence of sperm whales so close to shore provides a unique 

opportunity to carry out ecological research, and is important for the operation 

of local tourism industries. Therefore, it is important that this population 

efficiently managed to assure their continued persistence in Kaikoura. 

Considering the observed decline in abundance, and our limited knowledge of 

factors influencing this decline, action should be taken to identify, quantify, and 

manage all potential threats . 
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