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I ABSTRACT 

Whale-watching has become a globally successful branch of the tourism industry. 

While there is ample information on its economic importance, there is only scant data· 

on the environmental, social and cultural impact. Kaikoura, a small coastal 

community on the South Island of New Zealand, serves as an example to describe the 

development of a whale-watching industry. Off Kaikoura, male sperm whales 

(Physeter macrocephalus) are the focus of the whale-watching industry, which uses 

boats and aircraft to view the animals year-round. 

The objective of this thesis was firstly critically to review the literature on. whale

watching impacts on cetaceans and propose a more unified study approach. Sixty 

papers were reviewed for field methods, study design and statistical analyses. None of 

the studies were readily comparable due to lack of information and/or varying design 

and analysis. By drawing on the vast experience of land-based environmental impact 

assessment and by considering carefully the choice of observation platform, control 

conditions, study design, and the issues of pseudoreplication and balance between 

Type I and II errors, more comparable and effective studies on the impacts of whale

watching could be carried out. 

Secondly this thesis assessed the influences of current whale-watching activities off 

Kaikoura on the surfacing and vocalisation patterns of the sperm whales. This study 

employed boat-based and shore-based observations to determine the impacts of 

current whale-watching activities on the whales. From the independent research 

vessel, blow intervals, surface time, number of blows during a surfacing, aerial 

behaviours and time to first click were recorded. In addition, whales were individually 

identified from fluke photographs. Shore-based observations focused on blow 

intervals. Over four years ( 1998-2001 ), we recorded 1,676 sightings from the research 

vessel and 435 from shore. Several aspects of whale behaviour were significantly 

affected by the presence of whale-watching vessels. Data collected from shore 

showed that blow interval (mean and median) decreased in the presence of the 

research vessel and/or whale-watching platforms. Data collected from the research 
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vessel showed that both whale-watching boats and planes, individually or together, 

caused increases in time spent at the surf ace, the frequency and amount of heading 

changes, and in the case of boats, a decrease in the time to the first click. Aerial 

behaviours were more frequent when only the research vessel was present, which is 

likely due to the closer positioning of the research vessel to surfacing whales after 

acoustic tracking. Two groups of sperm whales are distinguishable off Kaikoura: 

resident whales, which typically stay in the study area for weeks or months at a time, 

often returning in different seasons and/or years, and transients, which are seen on one 

day only. From this study, it is clear that transients react more frequently and more 

strongly to vessels. However they are rarely visited by whale-watching trips, owing to 

their distribution further offshore. Residents react less and bear the majority of whale

watching activity. Taken together, our analyses show that reactions to whale-watching 

vessels vary significantly among different individuals, some of which are very 

tolerant. Reactions also vary with season, for reasons that are not understood, but 

which may reflect prey distribution or availability. On balance, effects on resident 

whales, while statistically detectable, appear to be sustainable, and of no serious 

biological consequence. However, current whale-watching effort on residents is high, 

individuals are likely to spend approximately half of their surfacings during the busy 

summer season with one or more accompanying vessels. 
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CHAPTER 1 

Tourism, Ecotourism And Whale-Watching 

"Sun, sand, sun and sex" - for many decades this has characterised the allure of 

tourism and accounts for the unbridled popularity of its coastal branch (Hall, 2001). 

To these four 's's of tourism could now be added two 'm's for "marine mammals". 

This group of animals has become a major tourist magnet all over the world (Hoyt, 

2001). In some places it has single-handedly started a tourism industry of rapidly 

expanding importance (IFA W, 1999; Hoyt, 2001). 

While the development of whale-watching1 has mirrored that of tourism in general, 

there are important differences. A great deal has been published on the impacts of 

tourism on a variety of environments, species and regions (e.g. Boyle and Samson, 

1985; Duffus and Dearden, 1990; Knight and Cole, 1995b; Roe et al., 1997; Higham, 

1998; Hall, 2001; Orams, 2002a). Often, it is exactly these well-founded and 

occasionally well-publicised impacts, which lead increasing numbers of people to turn 

to so-called 'ecotourism' (Orams, 1995; Orams, 2002b). Definitions of ecotourism 

frequently include statements about the conservation and education value of this type 

of tourism (Orams, 1995; Roe et al., 1997; Orams, 2002b). Increasingly, however, 

ecotourism's claim of environmental, cultural and social sustainability is being 

questioned and criticised (Orams, 2002b). There is evidence that impacts are 

frequently not as small (e.g. Boo, 1990; Roe et al., 1997), profits not as significant 

locally (e.g. Young, 1999), and cultures not as unaltered as claimed (Roe et al., 1997). 

Yet, there are few studies investigating effects of whale-watching on marine 

mammals (see Chapter 3 for review of these studies). Instead, most work has focused 

on quantifying economic and social benefits (e.g. Hoyt, 2001 ). This may be due to the 

comparatively short history of the whale-watching industry. It also could be a 

consequence of the above-mentioned assumption that ecotourism, under which label 

whale-watching is commonly grouped, is inherently sustainable. However, along with 

mounting global concerns over the impacts we have on marine mammals through 

1 
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incidental by-catch in fishing gear (Jefferson and Curry, 1994; Perrin et al., 1994), 

pollution, global warming, and increased noise levels (Richardson et al., 1995; 

Harwood, 2001), whale-watching and its potential effects are receiving increasing 

attention (e.g. IFAW et al., 1995). This thesis reflects this growing concern. It 

examines the impacts of current boat- and aircraft-based activities on sperm whales 

(Physeter macrocephalus) off Kaikoura, New Zealand. 

Sperm whales are "extreme" whales. They are the largest of the toothed whales, and 

the most sexually dimorphic of all cetaceans. While females typically grow to 12 m 

and 24 metric tons, males can grow up to 18m and 60 metric tons (Rice, 1989). With 

killer whales (Orcinus orca) they share the widest distribution of all marine 

mammals, living in all oceans and across all latitudes (Rice, 1989). They are 

remarkable divers. Typically, sperm whales dive for 40 minutes and then breathe at 

the surface for around 8 minutes (Papastavrou et al., 1989; Jaquet et al., 2000). 

However, sperm whales have been observed to dive for more than two hours (Watkins 

et al., 1985) and to depths exceeding 2000 m (Norris and Harvey, 1972). Indirect 

evidence, such as the presence of a fresh bottom-dwelling shark in the stomach of a 

sperm whale, suggests that these whales can reach depths of more than 3000 m 

(Clarke, 1976). Hence, sperm whales generally prefer deep (> 1000 m) waters 

(Reeves and Whitehead, 1997). 

Just as size differs by sex, so does distribution. Females and their off-spring rarely 

leave tropical or sub-tropical waters. In contrast, males, once they attain sexual 

maturity (starting between seven to 11 years and at lengths between 8.7 and 10.3 m, 

Rice, 1989), leave these mixed groups and form pods with other males of similar age. 

With increasing age, male sperm whales become increasingly solitary and expand 

their movements further towards the poles (Rice, I 989). 

Males do not only alter their distribution with attainment of sexual maturity, they also 

change their behavioural repertoire once they leave the groups in which they grew up. 

These mixed groups are comprised of two or more stable units (Whitehead et al., 

1991), which are organised around matrilines (Christal et al., 1998; Lyrholm and 

1 For the purpose of this introduction, whale-watching refers to all forms of commercially observing 
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Gyllensten, 1998; Lyrholm et al., 1999). They are characterised by extensive social 

behaviour (Gordon, 1987; Whitehead and Weilgart, 1991), cohesive movements 

(Whitehead et al., 1991), cooperative defence against predators (Amborn et al., 1987), 

and alloparental care (Whitehead, 1996a). On the other hand, once males leave these 

mixed groups they show very little social behaviour and there is no evidence for any 

form of structured relationships within male aggregations studied to date (Lettevall et 

al., in review). It has been suggested that ecologically and socially elephants are more 

similar to sperm whales than are the other whales (Weilgart et al., 1996). 

Sperm whales reproduce extremely slowly, with a suggested maximal population 

growth rate of 0.9% (International Whaling Commission, 1982). Females begin to 

reproduce between age seven and 13, and thereafter give birth only every four to six 

years (Best et al., 1984; Rice, 1989). This rate slows with increasing age of the female 

(Best et al., 1984). Males do not migrate back to lower latitudes to breed before they 

are in their late 20s (Best, 1979). It seems likely that sperm whales live to at least 60 

years of age, after which the usual ageing method by counting tooth layers becomes 

unreliable due to the closure of the pulp cavity (Rice, 1989). It is estimated that 

several hundred thousand sperm whales live today (Reeves and Whitehead, 1997). 

However, there is concern that past whaling is still lowering growth rates due to the 

disproportionately high catches of males and consequently low ratio of mature bulls to 

females (Mitchell, 1977; Whitehead, 1990). 

Sperm whales prey mainly on mesopelagic and bathypelagic cephalopods; they also 

feed on large demersal and mesopelagic fishes, especially in high latitudes (Gaskin 

and Cawthorn, 1967; Rice, 1989). 

The main vocalisation of sperm whales is a short click, lasting between two to 25 ms 

and with a broad frequency spectrum (0.1 to 20 kHz Backus and Schevill, 1966; 

Watkins, 1980; Goold and Jones, 1995) and high source level (up to 223 dB re 1 µPa 

peak-equivalent root-mean-square, M¢hl, et al., 2000). Clicks production can be 

characterised by the regularity and length of inter-click intervals (ICI): 

marine mammals from boats, planes or shore. 
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• 

• 

• 

Trains of regularly timed clicks with an ICI between 0.5 and 1 s are assumed to be 

used for echolocation (Goold and Jones, 1995; Jaquet et al., 2001), 

Codas are patterned series of clicks with irregular ICis which are produced in 

social contexts and likely serve communication (Watkins and Schevill, 1977; 

Weilgart and Whitehead, 1993), 

Trains of clicks with short inter-click intervals and high repetition rates (up to 220 

clicks per second) are heard while foraging in higher latitudes (Jaquet et al., 2001) 

or socialising elsewhere (Whitehead and Weilgart, 1991), 

• Surface or slow clicks have ICis between 5 and 7 s are recorded from mature 

males on the breeding grounds (Weilgart and Whitehead, 1988) or on their 

feeding sites (Jaquet et al., 2001). 

Considering their general behaviour and distribution, it is not surprising that sperm 

whales are infrequently the main focus of whale-watching enterprises. In only eight 

areas worldwide are sperm whales regularly targeted by whale-watching (IFA W, 

1996). Sperm whales are the principal target species in six of those regions. In only 

three of those areas are male sperm whales observed regularly (IFA W, 1996): 

Andenes in Norway, several communities in Japan, and Kaikoura in New Zealand. 

4 
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Outline of Thesis 

There have been two short-term studies on the impacts of whale-watching on sperm 

whales off Kaikoura, in 1991 and 1992 (MacGibbon, 1991; Gordon et al., 1992). This 

investigation is the first at Kaikoura to examine influences of whale-watching 

activities over a time scale of more than a few months. While this work is chiefly 

concerned with the biological and ecological impacts on sperm whales, it was carried 

out in a community, which is itself impacted, by whale-watching and its associated 

changes. The following chapter (Chapter 2) describes the development of tourism in 

general and whale-watching in particular in Kaikoura and examines the effects this 

has had on the community. It thus sets the historical, social and cultural context for 

this study. 

The study of whale-watching and its potential impacts on marme mammals is a 

relatively new endeavour and lags far behind the development of the industry. It may 

therefore be helpful to examine the currently available literature for its effectiveness 

in detecting impacts. Chapter three does this via a critical review of the methodology 

used in papers assessing impacts of boat-based whale-watching. We compare these 

methods with those used in studies of tourism impacts on land and suggest a more 

rigorous approach adapted from this literature. This chapter was co-authored with 

David Lusseau and is being prepared for submission to the journal Marine Mammal 

Science. An earlier draft was submitted to the Scientific Committee of the 

International Whaling Commission. 

Chapter four presents the study of whale-watching impacts on male sperm whales off 

Kaikoura. This chapter is the basis of a report for the New Zealand Department of 

Conservation (DoC), entitled "Sperm whale-watching off Kaikoura, New Zealand: 

effects of current activities on surfacing and vocalisation patterns" and co-authored by 

myself and my supervisors Drs Stephen M. Dawson and Elisabeth Slooten. It is 

scheduled to be published in DoC' s Science for Conservation Publication Series. I 

was responsible for data collection in the field and the statistical analyses. I also wrote 

the drafts of the report, which were edited by my supervisors. Their suggestions vastly 
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improved the report, but mistakes and omissions are my sole responsibility. Lastly, 

chapter five serves as a summarising discussion. 

The appendix contains a paper published in the Canadian Journal of Zoology, entitled 

"Social structure and residence in aggregations of male sperm whales". This study 

was co-authored by E. Letteval, C. Richter, N. Jaquet, E. Slooten, S. Dawson, H. 

Whitehead, J. Christal and P. McCall-Howard. The data from Kaikoura were 

primarily collected by S. Dawson and E. Slooten (1990 - 98), N. Jaquet (1998-99) 

and by me (1999 - 2001 ). N. Jaquet and I prepared the data and l analysed them using 

H. Whitehead's programme SOCPROG. The sections dealing with the Kaikoura data 

were cooperatively written by myself, S. Dawson, E. Slooten and N. Jaquet. 

6 
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CHAPTER 2 

For Example Kaikoura: The Development Of A Whale

Watching Industry 

Tourism is the largest global industry and within it, marine tourism (any tourism 

activities that take place in or involve the marine environment (Orams, 1999)) 

parallels many other tourism branches in growth (Hall, 2001). One of the main 

contributors to this growing sector is whale-watching (Hoyt, 2001). 

After being almost exclusively North American for its first 20 years, whale-watching 

has spread rapidly (Hoyt, 1996). By 1994, 65 countries and territories were involved 

in whale-watching, and four years later it had started up in an additional 22 countries 

(Hoyt, 2001). Over the same four year time-frame, the number of whale watchers 

increased from approximately 5.5 million people to just over 9 million (Hoyt, 2001). 

Thus, the number of people attending commercial whale-watching trips increased 

annually (on average) by 10.3% between 1991-1994 and by 13.6% between 1994 and 

1998(Hoyt, 2001). In comparison, worldwide tourism between 1995 and 2000 grew 

only 4.9 annually (World Tourism Organisation, www.world-tourism.org, last 

accessed July 2003). 

A similar increase has been described for the economic value of whale-watching. In 

1981, whale watchers spent US$14 million for trip fares and any other related costs 

(e.g. food, film souvenirs, etc.). This total expenditure rose to over US$ 317 million in 

1991 and exceeded US$ 1 billion in 1998, representing an average annual increase of 

more than 18% (Hoyt, 2001). Assuming comparable growth rates, Hoyt (2001) 

estimates conservatively that more than IO million people went whale-watching in 

2000, spending more than US$ 1.25 billion. 

Considering such growth rates, it is not surprising that individual people, 

communities, regions and even nations have pinned high hopes on the whale-
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watching industry. Established whale-watching areas continue to rely to various 

degrees on the benefits derived from the industry (IFA W, 1999; Hoyt, 2001). 

Benefits stemming from whale-watching are usually listed in monetary values. 

However, economic gains are far from the only positive aspects whale-watching can 

offer. Generally, whale-watching creates not only the jobs, which are directly linked 

to its operation, but also spawns numerous jobs in indirectly related sectors, such as 

hospitality, transport and service. Increased job opportunities are usually thought of as 

being beneficial by retaining locals, improving social conditions and increasing 

financial independence. Furthermore, whale-watching has also the potential to 

positively influence education, culture and science (Forestell, 1993; IFA W et al., 

1997; IFAW, 1999; Hoyt, 2001; Russell, 2001a, b). 

Compared with tourism in general, whale-watching is a relatively new branch of the 

global tourism industry and as such, it may be not surprising that current assessments 

of its impacts focus on the advantages and frequently do not attempt to evaluate 

potential negative effects (i.e. Hoyt, 2001). There is a considerable body of literature 

detailing problems arising from tourism activities. Some of these problems likely 

apply also to whale-watching, such as high seasonality, disruption of community 

stability, increased demands on local infrastructure, increased coastal development 

and environmental degradation (Simmons and Fairweather, 1998; Hoyt, 2001). Others 

are specific to whale-watching, for instance impacts on whales and their marine 

environment and increased boat traffic, etc. (Hoyt, 2001). Therefore, whale-watching 

cannot simply be regarded as a non-consumptive resource-based tourism activity, 

which offers all the benefits and none of the problems of other tourism or resource

based industries. Instead, in order for whale-watching to be sustainable in an 

environmental, biological, cultural and socio-economic context, the industry needs to 

be managed appropriately, including consideration of potential negative biological, 

social, cultural and economic impacts. 

This thesis is concerned with impacts of whale watching on sperm whales, i.e. the 

biological impacts. Nevertheless, it is helpful to illustrate more clearly some of the 

above mentioned advantages and disadvantages and to provide a striking example of 

the development whale-watching can take. For this purpose, I will outline the 
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evolution of this industry in Kaikoura in this chapter. The following section begins 

with a description of the historical development of Kaikoura in order to place the 

industry's development and associated influences in a proper context. 

The Kaikoura area was settled by Maori who were attracted by numerous sources of 

food: moas, birds, seafood and seals. Even after the extinction of the moa in the 15th 

century, food supply was sufficient and the area remained inhabited (McAloon et al., 

1998; Poharama et al., 1998). The first Europeans appeared sporadically in the 1830s 

to hunt whales from ships. This industry became a regular business with the 

establishment of land-based whaling stations in 1843 and continued until 1920 when 

the last whaling station closed in South Bay (McAloon et al., 1998; Poharama et al., 

1998). 

Whereas whaling remained small scale during its existence, sheep runs, which also 

began in 1843, soon became an important industry. Farming, on the other hand, was 

more difficult due to the poor and often swampy soil (McAloon et al., 1998). In 

addition, one of the major problems for every industry in the area was access, since no 

protected harbour was available and road and railway access were hampered by 

difficult terrain. Railway construction began only in 1895 and it took 19 years to 

connect Kaikoura with Christchurch and Picton (McAloon et al., 1998). 

Consequently, during the first half of the 20th century the Ministry of Works and 

Railway had become the most important employer in the area. A small dairy factory 

and various businesses provided a few extra jobs. Crayfish and wet-fish fisheries were 

only small scale and the former was in decline, prompting the area's first concerns 

about over-fishing (McAloon et al., 1998; Poharama et al., 1998). 

Even though the potential for tourism had been recognised as early as 1900 

(Poharama et al., 1998), little development occurred. In part this may have been due 

to considerable reluctance on the part of the community (McAloon et al., 1998). ~n 

addition, tourism at that time was rather a side-effect of the railroad and road 

presence, focusing more on accommodation than on attraction of tourists (McAloon et 

al., 1998). Thus, the few tourists who did visit Kaikoura during this period were from 

New Zealand and their numbers did not fluctuate seasonally (Hom et al., 1998). 
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Figure 2.1: Map of New Zealand showing the location of Kaikoura and other cities 
mentioned in Chapter 2. 

As with many other communities in New Zealand, Kaikoura was affected by the 

recession in 1970 and again by the restructuring of government departments starting 

in 1984: income and jobs were lost in large numbers (Horn and Simmons, 2002). For 

example, (in 1984) 170 jobs (=6% of total population)were cut in the public sector 
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alone (McAloon et al., 1998). Consequently, Kaikoura saw marked changes in the job 

market. Between 1986 and 1996, employment in the fishery declined by only 26%; in 

contrast, employment in railway and communications decreased by 77% and 88%, 

respectively (Butcher et al., 1998 Table 1). Maori were effected disproportionately, 

since the majority of them were employed with the railway (Horn and Simmons, 

2002). After restructuring, an estimated 90% of the Maori community was 

unemployed. With few job opportunities, they were left with the choice of either 

leaving the area, becoming self-employed or depending on welfare (Horn et al., 

1998). 

It was during this time period that tourism began to gain importance. Between 1986 

and 1996, restaurant and accommodations grew by 80%, wholesale and retail trade by 

12% and recreation and cultural services by 400% (Butcher et al., 1998 Table 1). 

Considering the bleak prospects for the Maori community, it is not surprising that 

they saw the opportunities offered by tourism particularly clearly. Whale-watching 

began in 1987 with one company, Nature Watch Charters Ltd, operating a 10-

passenger hard-bottom inflatable boat (S. Dawson, pers. comm.). Two years later, this 

first company was bought by Kaikoura Tours, an iwi (tribe) -based company (Orams, 

2002b). Kaikoura Tours was renamed in 1992 to Whale Watch TM Kaikoura Ltd and is 

currently the sole permit holder for whale-watching off Kaikoura (Poharama et al., 

1998). Passenger capacity has increased from 48 in 1990 (four 12-passenger vessels) 

to 192 in 2001 (four 48-passengers vessels). It is estimated that currently every 

second person per Maori household is being employed in the tourism industry 

(Poharama et al., 1998). 

The tourism industry has since continued to play a crucial economic role in Kaikoura. 

Current estimates clearly reflect this situation: Annually, 380,000 people stop in 

Kaikoura for less than two hours to take a break on their way through the area. In 

addition, almost half a million people stay for at least one day. Most of the former are 

domestic travellers, whereas the latter group is dominated by international visitors 

(Simmons et al., 1998). It is these latter visitors who come to the area because of the 

presence of marine mammals (Simmons et al., 1998), spending more than NZ 
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$45/day. In comparison, short-term visitors only spend an average of NZ$2.40 in 

Kaikoura (Simmons et al., 1998). In total, tourists spend NZ$ 28 million annually in 

Kaikoura (Butcher et al., 1998). 

The tourism industry directly creates approximately 327 full-time-equivalent (FfE) 

jobs, roughly one quarter of all jobs in the area. In addition, for each job in the 

industry itself, a further 0.21 FTE jobs are created in other economic sectors. Thus, 

the tourism industry is providing 30% of total employment in the district. A further 33 

FfE jobs were being created due to expansion and improvement efforts when Butcher 

and colleagues wrote their report ( 1998). 

While such economic factors are comparatively easy to measure, effects on 

community spirit, culture and other social factors are much more difficult to 

characterise. In surveys of community members, it is apparent that tourism has had 

positive influences, with increased liveliness of the community, and an increasing 

influence and recognition of Maori culture and identity (also due to the establishment 

of a local marae) (Horn et al., 1998; Poharama et al., 1998). 

At the same time, these surveys also highlight some of the negative effects tourism 

may have had as well as concerns about its future development. The ratio of total 

annual visitors to local residents is approximately 250 to one, and that of tourists 

staying over-night to locals amounts to 104 to one (Horn and Simmons, 2002). It is 

therefore not surprising that the most prominent complaints from residents centre on 

increased "crowding" and related issues, such as lack of parking space. Also, the 

constant change due to tourism is not welcomed by all (Horn et al., 1998). 

Furthermore, many people state that living costs have increased (Horn et al., 1998). 

Whereas higher prices for groceries are not necessarily due to tourism alone, rising 

prices for real estate, rent and housing likely are (Horn et al., 1998). 

While tourists contribute to the economy of the community, they also make use of 

services, which were not designed for the increasing number of people. Particularly 

the sewerage and water systems are frequently named as urgently needing an overhaul 

(Horn et al., 1998). Since Kaikoura residents already pay one of the highest property 
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tax rates in the country, it is not surprising that they often ask why they should have to 

pay a bill, which is mainly due to the tourism industry. However, their perception is 

inaccurate: in peak season (January), about a quarter of total demand on the sewerage 

system is due to visitors and between 10 to 12% of the water is used by tourists. This 

is less than expected and costs to upgrade the services would be covered to a large 

extent by user charges, leaving only between 2 and 4% of these costs to be picked up 

by community rates (Butcher et al., 1998). Nevertheless, it points to a problem, which 

in this case is exacerbated by tourism, if not caused by it. 

There is also the concern that current whale-watching activities may cause sperm 

whales to leave the area (Horn et al., 1998). This is particularly pronounced in the 

Maori community (Poharama et al., 1998). Some people argue that too many trips are 

carried out per day and anecdotal evidence is quoted for a shift in whale distribution 

(pers. obs.). 

Within the Maori community, some people feel that their culture is now too much 

mixed with commerce. For example, there have been problematic and irreverent uses 

of Maori images in commercial products (Poharama et al., 1998). While Maori did 

not change their relationship to the environment in response to being involved in 

toursim, there is concern over the lack of respect shown by some tourists towards the 

environment (Poharama et al., 1998). For the Maori, whales and their environment 

are part of the "taonga" (treasure, priced possession) (Poharama et al., 1998). This 

concept of "taonga" includes behavioural parameters that ensure protection and 

sustainability of that treasure. Maori consider themselves as having a guardianship 

(kaitiakitanga) over the whales and the environment. Consequently, lack of respect by 

visitors for this taonga is in direct conflict with Maori guardianship and the values and 

norms governing their use of resources (Poharama et al., 1998). 

Even though many people think that the community has benefited in general from 

tourism, some feel that it has divided it and caused polarisation and racism (Poharama 

et al., 1998). Acts of vandalism and sabotage directed at the successful Maori-run 

whale-watching business in the early 1990s are indicators of such sentiments (Orams, 

2002b). 
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Tourism has created numerous jobs and provides employment for a large portion of 

the community. However, these jobs reflect the typical characteristics of tourism 

employment: they generally are seasonal, part-time, casual and mostly require only 

low skills with little incentive for advanced training (Horn et al., 1998). Such jobs 

commonly lead people to move into the community at the start of the high tourist 

season and then leave again when the season slows down. This migration was another 

frequent complaint in the survey (Horn et al., 1998). 

Furthermore, it is also feared that Kaikoura would in the long run become like 

Queenstown and be taken over by foreign ownership due to a lack of coherent tourism 

planning (Horn et al., 1998; Horn and Simmons, 2002). 

The changes brought about by tourism in Kaikoura are remarkable for the speed with 

which they occurred and for the impact they have had on the community (Horn and 

Simmons, 2002). It is thus not surprising that for the regular inhabitants tourism is an 

important and contentious issue (Horn and Simmons, 2002). It also highlights the 

need for an effective, well-supported and successful tourism plan which takes into 

account not only economic requirements but also includes historical, cultural, social 

and environmental conditions (Simmons and Fairweather, 1998; Horn and Simmons, 

2002). Obviously, for such a plan to work, several groups have to cooperate. Local 

social and political bodies have to monitor the social, cultural and economic impacts 

while DoC should monitor environmental impacts. By using the data gained from 

these monitoring schemes in a decision framework (e.g. IFA W et al. 1995), 

regulations for the whale-watching industry can be continuously adapted and 

optimised. 
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CHAPTER 3 

Designing A Study To Detect Effects Of Boat-Based Whale

Watching Activities On Cetaceans 

3. 1 Introduction 

Whale-watching activities can have a wide range of impacts on whales. Whereas 

impacts are rarely as obvious as collisions between whales and whale-watching 

v~ssels, such as those recently reported in New England (Anonymous, 1998), a 

variety of species, both odontocetes and mysticetes, have been observed to change 

their movements, vocalisations, behaviour patterns and use of habitats in response to 

anthropogenic activities (e.g. Baker and Herman, 1989; Gordon et al., 1992; Reeves, 

1992; Richardson et al., 1995; Gordon and Moscrop, 1996). These changes can range 

from short-term alterations (e.g. Edds and Macfarlane, 1987; Baker and Herman, 

1989; Richardson et al., 1995) to major shifts in distribution and behaviour patterns 

(e.g. Rice, 1965; Bryant et al., 1984; Finley et al., 1990; Richardson et al., 1995). 

Even though whale-watching only rarely involves direct removal of individuals from 

a population, it may still be an activity that has an unsustainable impact (Beach and 

Weinrich, 1989). While this is unacceptable from a conservation standpoint, it also 

implies severe consequences for the whale-watching industry itself. Animals leaving 

areas or changing their behaviour could make a region unsuitable for whale-watching 

activities. 

Not surprisingly, calls for a more planned and controlled development of the 

cetacean-watching industry are becoming more frequent (IFA W et al., 1995). 

Government agencies and other bodies are searching for criteria on which to base 

their decisions and policies regarding cetacean watching (e.g. Proceedings from 

"Viewing Marine Mammals in the Wild: a workshop to discuss responsible guidelines 

and regulations for minimising disturbance" held Nov. 28, 2001 in Vancouver, 

Canada). However, there is little information on the effects that tourist vessels may 
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have on single animals or on populations of cetaceans. The little we know relates 

mainly to short-term effects, a few species in a few locations, and is generally not 

comparable from one species to another or one location to another. Thus, it is difficult 

- if not impossible - to draw general conclusions from the existing studies. Any new 

attempt at documenting impacts begins more or less by employing its own methods. 

This is partially in response to the considerable variation in local conditions, species, 

behaviours and whale-watching activities. It is also partly due to the lack of a 

summary and critical review of currently used methods. 

Whereas studies of whale-watching are scant, studies of human impacts on land

mammals are numerous and date back decades. Consequently, there are summaries 

and critical reviews available (e.g. Boyle and Samson, 1985). Although some field 

methods differ from those applicable to cetaceans, many of the analytical tools may 

be applicable to both. Therefore, it is useful to examine the extensive literature on 

land-based impact studies for suitable tools to use in marine mammal investigations. 

It is the aim of this chapter to assess critically the methods used to assess whale

watching impacts on cetaceans for their effectiveness and appropriateness in detecting 

such impacts. This review starts by summarising the methods used in the available 

literature on impacts of tourist vessels on cetaceans. I then discuss advantages and 

disadvantages of these methods. Finally, I suggest a more unified approach to 

studying impacts of cetacean-watching activities by recommending minimum data 

standards, providing guidelines to help decide on methods and advocating an 

analytical approach that employs methods proven useful in the land-based 

environmental impact context. 
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3.2 Selection Of Papers 

A systematic literature search was carried out using Aquatic Sciences and Fisheries 

Abstracts (1988-2001), Web of Science (1987 - 2001) and Zoological Record (1978 -

2001). Databases were searched using the Webspirs© search engine. In order to focus 

the search on studies targeting cetacean-watching activities keywords utilised in the 

search included 'dolphin+watching', 'wha]e+watching', 'dolphin+tourism', and 

'whaJe+tourism'. The literature resulting from this search was further categorised to 

discard reviews and studies that were not assessing the impact of cetacean-watching 

activities. Articles examining only swim-with-dolphin programs were not taken into 

consideration in order to keep the source of potential impacts constant (i.e. boats). 

Additionally, I scanned the references in the papers identified through this web search 

for reports to government departments, committees and/or non-governmental 

organisations. 

Every attempt was made to obtain the articles and reports identified in the above 

search. A few theses and reports were not available and therefore could not be 

included. Abstracts from conference and workshop proceedings were included, since 

they represent a sizeable proportion of the available literature (see below). 

Articles were classified by year, oceanic region (following Leatherwood et al., 1983), 

whether they were peer-reviewed, and by target species, sampling design, analytical 

design, and type of statistical analysis. If more than one method or approach was used 

in a study, they were considered separately in this classification. If reports or 

conference abstracts overlapped peer-reviewed publications, only information from 

the report/abstract not presented in the reviewed paper was included. Since it was 

impossible to determine if some of the reports were peer-reviewed, I decided to group 

all papers into four categories: 

• 

• 

Peer-reviewed (professional journal, edited book, or reports which either 

explicitly stated that they were reviewed or which were published in peer

reviewed series), 

Reports (to government departments, organisations and committees), 
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• Theses, 

• Proceedings (from conferences or workshops) . 

Both opportunistic and experimental approaches are available to devise an impact 

assessment study. Studies were classified as opportunistic if they observed existing 

activities without exerting control over them. Experimental investigations included 

control of at least some of the boat activity around cetaceans. A further classification 

depended on the observation platform (shore-based or from vessels). 

The independent and dependent variables rn the studies were grouped into the 

following categories: 

Dependent variables: 

• 

• 

• 

• 

• 

Respiration and dive patterns (blow interval, time at surface, length of dive, ... ), 

Distribution patterns (density, abundance, dispersion, ... ), 

Surface behaviour (behavioural state and events), 

Surface movement (trajectory, speed, orientation to vessels, ... ), 

Vocalisation patterns . 

Independent variables: 

• 

• 

• 

• 

Presence or absence of vessels, 

Number of vessels present, 

Vessel type (size, propulsion, commercial whale-watching or not, ... ), 

Vessel behaviour (speed, direction of travel, ... ) . 

Data in Tables 3.1 to 3.8 consist either of counts of publications or of tests. This 

depends on whether the characteristic of interest, such as location or species, was 

constant within a paper. For example, when determining the proportion of studies in 

oceanic regions, I counted the number of studies in each region, since none of the 

papers included observations from different locations. Alternatively, when 

investigating the proportion of publications using presence or absence of boats or any 

other independent variable, I tallied the number of tests, since studies often carried out 

more than one statistical test employing different independent variables. 
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3.3 Summary Of Reviewed Studies 

In this review, I included a total of 60 references studying the impact of cetacean 

watching activities on whales and dolphins specifically. These studies reflect the wide 

variety of species and conditions that are involved in and characterise cetacean 

watching worldwide. In addition, the studies feature numerous methodological 

approaches used in current research on cetaceans and employ a large array of 

statistical methods. Therefore, virtually no study was directly comparable to any 

other. 

Most studies were carried out in the Tasman Sea and western South Pacific (mainly 

Australia and New Zealand), followed by the North Pacific and North Atlantic 

(mainly the U.S.A. and Canada) (Table 3.1). Only four studies were carried out in the 

South Pacific. We found no whale-watching studies carried out in Arctic or Antarctic 

waters. Similarly, none of the countries or regions where whale-watching is currently 

growing fastest, such as Taiwan, Iceland or Central America (Hoyt, 2001), are 

represented with studies. 
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Table 3.1: Number of peer-reviewed studies (1987-2001), reports, theses and 
conference/workshop abstracts divided by oceanic region in which they were carried 
out. Numbers in brackets are column percentages, except in Total row, where they 
reflect row percentages. 

Peer-reviewed Conference/ Reports Thesis Total 

workshop 

North Pacific 3 (19) 10 (29) 4 (50) 1 (50) 18 (30) 

North Atlantic 6 (37) 9 (26) 0 1 (50) 16 (27) 

Tasman Sea/ 7 (44) 12 (36) 3 (38) 0 22 (37) 

W. South Pacific 

South Atlantic 0 3 (9) 1 (12) 0 4 (7) 

Total 16 (27) 34 (57) 8 (13) 2 (3) 60 (100) 

More than half of the studies reviewed were published in conference and workshop 

proceedings, while only approximately a quarter of the 60 references were published 

in peer-reviewed journals or series (Table 3.1). Almost half of the studies focused on 

delphinids (mainly bottlenose dolphins (Tursiops truncatus) and approximately a 

quarter on Balaenopterids (Table 3.2). 

More than three quarters of the tests recorded either respiration, surface behaviour, or 

movements (Table 3.3). Whereas tests in peer-reviewed papers showed a preference 

for observation of respiration and vocalisation, conference abstracts and reports were 

dominated by behaviour and movement and theses by respiration and movement 

(Table 3.3). Analysis of distribution patterns was rare in any category (Table 3.3). 
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Table 3.2: Number of peer-reviewed studies, reports, theses and conference/workshop 
abstracts divided by families of the studies species. Numbers in brackets are column 
percentages. 

Peer-reviewed Conference/ Reports Thesis Total 

workshop 

Balaenidae 0 3 (9) 1 (13) 0 4 (7) 

Balaenopteridae 4 (25) 7 (21) 3 (38) 0 14 (23) 

Delphinidae 9 (56) 15 (44) 3 (38) 0 27 (45) 

Eschrichtiidae 0 4 (12) 0 1 (50) 5 (8) 

Monodontidae 2 (13) 0 0 1 (50) 3 (5) 

Phocoenidae 0 1 (3) 0 0 1 (2) 

Physeteroidea 1 (6) 3 (9) 1 (13) 0 5 (8) 

Unspecified 0 1 (3) 0 0 1 (2) 

Total 16 34 8 2 60 (100) 

Table 3.3: Number of tests in peer-reviewed studies, reports, theses and 
conference/workshop abstracts divided by choice of response variables. Numbers in 
brackets are column percentages, except in Total row, where they reflect row 
percentages. 

Peer-reviewed Conference/ Reports Thesis Total 

workshop 

Respiration 99 (39) 20 (19) 35 (25) 18 (45) 172 (32) 

Distribution 7 (3) 11 (10) 11 (8) 0 29 (5) 

Behaviour 28 (11) 35 (33) 48 (35) 7 (18) 118 (22) 

Movement 28 (11) 29 (27) 45 (32) 15 (38) 117 (22) 

Vocalisation 92 (36) 11 (10) 0 0 103 (19) 

Unspecified 0 1 ( 1) 0 0 1 (<1) 

Total 254 (47) 107 (20) 139 (26) 40 (7) 540 (100) 

The majority of papers across all categories used tests, which employed presence or 

absence of boats as independent factors. This was followed by boat behaviour and the 

number of boats present. Unspecified independent factors were found in 
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conference/workshop abstracts, peer-reviewed papers and reports (in decreasing 

frequency) (Table 3.4). 

Observational tests were used in more than three quarters of cases, in both peer

reviewed papers and conference/workshop abstracts and reports (Table 3.5). One 

thesis used both experimental and opportunistic approaches, but did not clarify 

sufficiently which approach was used for which test (categorised as "unspecified" in 

Table 3.5). 

Table 3.4: Number of tests in peer-reviewed studies, reports, theses and 
conference/workshop abstracts divided by choice of independent variables. Numbers 
in brackets are column percentages. · 

22 

Peer- Conference/ Reports Thesis Total 

reviewed workshop 

Presence/absence 220 (87) 54 (50) 70 (50) 18 (45) 362 (67) 

# of boats 12 (5) 7 (7) 20 (14) 9 (23) 48 (9) 

Type of boat 5 (2) 3 (3) 11 (8) 1 (3) 20 (4) 

Behaviour of boat 8 (3) 23 (21) 36 (26) 12 (30) 79 (15) 

Unspecified 9 (4) 20 (19) 2 (1) 0 31 (6) 

Table 3.5: Number of tests in peer-reviewed studies, reports, theses and 
conference/workshop abstracts divided by choice of study design. Numbers in 
brackets are column percentages. 

Peer-reviewed Conference/ Reports Thesis Total 

workshop 

Experimental 22 (9) 5 (5) 64 (46) 0 91 (17) 

Observational 232 (91) 92 (86) 75 (54) 19 (48) 418 (78) 

Unspecified 0 10 (9) 0 21 (53) 31 (6) 

More than half of all studies were carried out from boats; approximately one third of 

the tests used observations from shore. Use of aircraft was exceptional. A few tests 

used both boat- and shore-based observations. The remainder of cases could not be 

assigned to any of the previous categories (Table 3.6). It is interesting to note that 

research for the majority of peer-reviewed papers was carried out from boats, whereas 
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most observations in reports were made from shore. Data collection for both theses 

was boat-based (Table 3.6). 

Table 3.6: Number of tests in peer-reviewed studies, reports, theses and 
conference/workshop abstracts divided by choice of observation platform. Numbers in 
brackets are column percentages. 

Peer-reviewed Conference/ Reports Thesis Total 

workshop 

Boat 205 (81) 62 (58) 6 (4) 40 (100) 313 (58) 

Shore 47 (19) 24 (22) 127 (91) 0 198 (37) 

Boat and shore 0 1 (1) 6 (4) 0 7 (1) 

Aircraft 2 (1) 0 0 0 2 (<1) 

Unspecified 0 20 (19) 0 0 20 (4) 

The last two tables (Tables 3.7 and 3.8) provide summaries of the statistical methods 

used. Most tests employed non-parametric methods or the authors did not specify 

sufficiently which method they used (Table 3.7). Non-parametric and unspecified 

methods were the two most frequent categories in peer-reviewed papers, abstracts and 

reports. ANOVA was used most frequently in the two theses examined (Table 3.7). 

When comparing use of statistical methods depending on the choice of response 

variables, non-parametrics only dominate for the analyses of respiration and 

vocalisation data (Table 3.8). Besides unspecified tests, ANOV A methods were used 

in between 14 and 22 percent of the analyses of respiration, behaviour and movement 

(Table 3.8). 

Two studies did not specify what constituted a 'control' condition or when observers 

considered whales unaffected by vessels. All other studies defined controls by the 

distance of the animals to the nearest vessel. This distance ranged from 10 m to 5 km. 

The reasons for the choice of distance were usually existing regulations or guidelines 

defining a minimum approach distance. 
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Table 3.7: Number of peer-reviewed studies, reports, theses and conference/workshop 
abstracts divided by choice of statistical methods. Numbers in brackets are column 
percentages. 

Peer-reviewed Conference/ Reports Thesis Total 

workshop 

ANOVA methods 27 (11) 12(11) 14 (10) 19 (48) 72 (13) 

Correlation 1 (< 1) 1 ( 1) 0 0 2 (< 1) 

Descriptive 6 (2) 0 6 (4) 0 12 (2) 

Frequency 3 (1) 0 4 (3) 0 7 (1) 

Non-parametric 178 (70) 5 (5) 55 (40) 0 238 (44) 

Regression 2 (< 1) 0 19 (14) 0 21 (4) 

Unspecified 37(15) 89 (83) 41 (14) 21 (53) 188 (35) 

Table 3.8: Number of peer-reviewed studies, reports, theses and conference/workshop 
abstracts divided by choice of statistical methods and response variable. Numbers in 
brackets are column percentages. 

Respiration Distribution Behaviour Movement Vocalisation 

ANOVA 38 (22) 0 16(14) 18 (15) 0 

Correlation 0 2 (7) 0 0 0 

Descriptive 2 (1) 0 7 (6) 3 (3) 0 

Frequency 1 (1) 2 (7) 4 (3) 0 0 

Non- 99 (58) 0 23 (19) 27 (23) 89 (86) 

parametric 

Regression 10 (6) 3 (10) 0 8 (7) 0 

Unspecified 22 (13) 22 (76) 68 (58) 61 (52) 14 (14) 

3.4 Discussion 

The potential effects of whale-watching on cetaceans have been the focus of 

surprisingly few quantitative studies. Only 16 papers have appeared in peer-reviewed 

journals and series. We found only eight reports and two theses, and the majority of 

references in this review are abstracts in conference and workshop proceedings. This 

small number is surprising for several reasons. Cetacean-watching has been spreading 

both nationally and internationally at an enormous rate (Hoyt, 2001). Concerns about 

this often unregulated increase of tourism activities in the vicinity of cetaceans and its 
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potential impacts have become more frequent and urgent (IFA W et al., 1995, 

Proceedings from "Viewing Marine Mammals in the Wild: a workshop to discuss 

responsible guidelines and regulations for minimising disturbance"). However, 

research has kept pace neither with the growth of the industry nor with this mounting 

concern. This is even more surprising considering the large number of papers and 

reports studying the effects of other anthropogenic activities on marine mammals, 

such as industrial actions, geological explorations and commercial ship traffic 

(Richardson et al., 1995; Gordon and Moscrop, 1996). Reasons for this discrepancy 

could be the different scales of financial resources available to the whale-watching 

and oil industries and the fact that most countries with increases in cetacean-watching 

activities are in developing areas (Hoyt, 2001) with few resources and/or no 

requirements for environmental impact assessments. In contrast, the rate of increase 

of cetacean-watching has slowed down in North America (Hoyt, 2001) where more 

than half of the studies in this review were carried out (Table 3.1). 

3.4.1 The choice of species 

Normally, there will not be much choice of study species, since that will depend on 

local whale-watching activities, priorities of funding and regulatory bodies and 

already established research programs. Only a small percentage (- 14%) of studies 

investigated impacts on species which are regionally rather than globally distributed, 

such as belugas (Monodon monoceros), harbour porpoise (Phocoena phocoena), 

dwarf minke whales (Balaenoptera acutorostrata sensu Lato) and certain delphinid 

species (e.g. Inda-Pacific humpbacked dolphins (Sousa chinensis) and Hector's 

dolphin (Cephalorhynchus hectori). Furthermore, it may be important to consider 

such aspects as group size and composition, age, sex and behavioural state, since all 

of them can influence if and how animals react to disturbances (Knight and Cole, 

1995a). For example, Corkeron (1995) described changes in behavioural patterns of 

migrating humpback whales (Megaptera novaeangliae), which depended on the 

presence of calves. 
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3.4.2 The choice of temporal and spatial scale 

Most studies were short: only 18 % of the studies (n = 11) carried out field work for 

more than 12 months. Roughly one quarter of papers did not specify their study 

period (23 %, n = 14). Therefore, in many studies seasonal variation could not be 

studied. Such factors could be crucial and inclusion of temporal parameters, such as 

year or season, might improve substantially the effectiveness of the study design 

(Peterson et al., 2001) or allow the detection of habituation or delayed effects (see 

below). Furthermore, it may allow detection of trends in the face of increasing 

tourism volume. 

Few papers provided information on the spatial scale of their observation. In most 

cases, spatial scale will be determined by the species' distribution, behaviour, the 

distribution of whale-watching effort, or the chosen observation platform. If different 

areas can be defined, either categorised by usage by cetaceans or by whale-watching 

effort, the same arguments apply as with temporal parameters: study design might be 

more effective if spatial scales are considered. 
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3.4.3 The choice of response variable 

Investigating whale-watching impacts basically requires answers to two questions: Do 

whales react to the anthropogenic activities? And if so, what does this mean for the 

animals? In other words, how biologically significant are the changes in whale 

behaviour? Whereas the first question investigates individual responses, such as 

changes in behaviour, stress, survival and in fecundity, the second question focuses on 

populations responses, for example, changes in spatial distribution, social structure 

and in population size. To answer these questions, appropriate response variables are 

necessary. Due to the different levels these questions investigate (individual and 

population), they require different characteristics of the variables to be measured. 

The first question can be answered by obtaining data showing changes in individual 

whale behaviour that can be linked to anthropogenic activities (Simmonds et al., 

2003). Typically, whale-watching regulations use to these short-term behavioural 

changes to define harassment and/or 'take' (Gisiner, 1998) by stating that the normal 

behaviour of whales must not change in response to whale-watching activities (e.g. 

Anonymous, 1992; IFA Wet al., 1995; Lien, 2001; GBRMPA, 2002). Consequently, 

only behavioural changes that can be detected reliably and consistently (maybe even 

by untrained personnel) are useful as indicators of impact. For instance, although 

Corkeron (1995) detected behavioural changes in response to whale-watching, he 

points out that the observed changes "would be difficult to interpret as a whale being 

"disturbed or alarmed" during the normal course of commercial whale watching" (p. 

1297). Variables that have shown to be useful in this context are ventilation and dive 

patterns (e.g. Baker and Herman, 1989; Gordon et al., 1992; Janik and Thompson, 

1996; Bass, 2000), vocal behaviour (e.g. Gordon et al., 1992; Lesage et al., 1999; Van 

Parijs and Corkeron, 2001) and spatial patterns (Bryant et al., 1984; Buckingham et 

al., 1999; Schick and Urban, 2000; Williams et al., 2002). 

Whereas these individual responses are useful in the management context, their 

biological importance is not clear, since that is usually measured at the population 

level (Gisiner, 1998). Ideally, the individual responses measure the impacts of the 

anthropogenic activity and allow relating them to long-term indicators of stress or to 
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population parameters. Thus, in the best case, changes in response variables due to 

impacts could be a diagnostic for the biological importance of these impacts at the 

population level (Peterson, 1993 ). For instance, changes in breeding bird densities 

relate directly to population growth (Irons et al., 2000) and shortening of denning 

periods in bears can translate into increased cub mortality (Linnell et al., 2000). 

However, in the case of marine mammals, we usually don't know if, and how directly, 

short-term responses reflect long-term effects on population parameters (IFA Wet al., 

1995; Richardson et al., 1995; Gisiner, 1998). In these cases, reasonable assumptions 

can point to a connection between individual and potential population responses. For 

example, changes in breathing patterns may reflect a stress response, since respiration 

is influenced by adrenocorticotrophic hormone (ACTH), a stress-induced hormone 

(Simmonds et al., 2003). Prolonged releases of such stress-related hormones can in 

turn cause long-term impacts, such as reduced life expectancy or reproduction 

(Sapolsky, 1994; Balm, 1999; Simmonds et al., 2003). Whales have also been 

observed to change their vocalisation patterns (Gordon et al., 1992; Lesage et al., 

1999). Such changes may in turn effect energy consumption, predation rate and 

reproductive success (Gisiner, 1998). 

Considering the above points, it is clear that measuring only one variable will only 

rarely allow answering both questions. A set of variables, some of which allow 

effective detection of impacts (individual responses) while others indicate biological 

significance (population effects) seems the best option. 

When determining the impacts of whale-watching, some additional and rather obvious 

considerations will also guide the choice of response variables. Firstly, the species 

observed will make some variables more suitable than others. For example, the 

predictable vocalisation patterns of sperm whales (Physeter macrocephalus) 

(Watkins, 1980; Jaquet et al., 2001) or the high vocalisation rates of belugas (Lesage 

et al., 1999) offer useful opportunities. Similarly, measures of pod dispersion or 

distances to closest neighbour are suitable variables when investigating impacts on 

delphinids (e.g. Bejder et al., 1999). Next, the chosen observation platform will limit 

the options although some variables, such as blow rate or location of smfacings, can 

sometimes be observed from shore and at sea (see below). Lastly, it is useful to 
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consider the biological context of animals under observation. For example, it may 

indicate higher biological importance if travelling speed is altered in migrating whales 

than in resident animals. 

The most difficult part is assessing the long-term consequences of short-term 

responses. Very little research has been done to this effect (Richardson et al., 1995) 

and in most cases, 

3.4.4 Choice of observation platform 

With the exception of one study using airplanes as observation platforms, all workers 

observed whales and dolphins either from shore or from boats. The obvious advantage 

of the former is the fact that the observers are unlikely to present a potential source of 

disturbance. In the absence of studies such as the present one, definition of a distance 

at which whales are considered unaffected by the research vessel is unavoidably 

arbitrary. However, data collected from boats are usually collected at closer range 

than those from shore, a much higher level of detail is possible. Photo-ID data, which 

can help factor out individual differences usually cannot be gathered from shore. 

In 58% of the reviewed studies (82% of peer-reviewed articles) observers used vessels 

to collect data. However, in none of them was there an attempt to quantify the effect 

of the observing boat. This could have been achieved either by using additional land

based observations, or by recording the responses to a gradient of potential 

disturbances from the research vessel (i.e. decreasing distance or increasing speed). 

Final choice of observation platform will depend on the species of interest (some 

species do not come close enough to shore to allow observations from land), chosen 

response variable (if evaluation of inter-individual variation is needed, animals need 

to be identified which in most cases requires work from boat) and logistics (e.g. 

availability of vessels or access to suitable shore-based observation sites). 
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3.4.5 Choice of independent variable 

Knight and Cole (1995a) list six factors, which influence the response of wildlife to 

disturbances: Type of activity, behaviour, predictability, frequency and magnitude, 

timing and location. Information on these factors should be provided for two reasons. 

First, these factors could be crucial in determining if and how animals respond and 

thus are valuable for proper interpretation of results. Second, inclusion of such 

information would allow for easier and more appropriate comparison with other 

studies. Most of the papers in this review characterised the whale-watching activity as 

either swim-with operations or as trips, which provided only for observation from a 

vessel. Some outlined the kind of boats used (information on size provided by 12 

papers (20% ), information on propulsion systems provided by 15 papers (25% )), 

others described the schedule of whale-watching trips or described roughly which 

routes the trips usually take. Thus, papers provided varying degrees of information on 

type, behaviour, predictability, frequency, timing and location. However, none 

included all of the information and the majority of papers (n = 37, 62%) did not 

supply any data on vessel type. 

3.4.6 Choice of class of experiments 

Hurlbert (1984) and Eberhardt and Thomas (1991) distinguish two classes of 

experiments, depending on the amount of control the researcher has. Controlled 

experiments are those in which the researcher can determine the treatment group for 

each individual. In contrast, observational studies are characterised by the lack of such 

control. While the experimental approach offers stronger inferences (Eberhardt and 

Thomas, 1991 ), opportunities for such experiments are frequently limited by the 

requirement to control - at least to some degree - activities of commercial whale

watching vessels. This is reflected in the fact that the majority of studies in this review 

carried out observational studies (Table 3.5). 
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3.4. 7 Defining boat interactions as impact 

The design, and subsequent analysis, of an impact assessment study is governed by 

the nature of this impact. In most cases cetacean populations which are the focus of 

whale-watching tourism are exposed to boat interactions on a daily basis. However 

these potential disturbances are not continuous and boat interactions can therefore be 

considered as repeated, pulsed disturbances (Underwood, 1994). Repetitions occur 

both in time and space and they are likely non-randomly distributed. Therefore it is 

possible to distinguish spatial and temporal gradients of impact, with high, medium, 

and low boat interaction frequencies. The repeated nature of this disturbance causes 

some pseudoreplication issues (Hurlbert, 1984) that need to be addressed in any study 

design. 

3.4.8 Choice of control conditions 

An optimal design for an impact assessment enables the separation of the variance 

due to an impact, from the natural variance of a parameter (Morrison et al., 2001). 

Comparison of control and impacted area/periods allows for this discrimination 

(Green, 1979; Underwood, 1994). Most studies defined controls by the absence of 

vessels (Table 3.4, 67% ), with absence defined as no boat being in visual or acoustic 

contact with the sampled individuals. This requires the setting of distances at which 

boats and their noises are supposedly not perceived by the animals. Such distances 

have often no biological foundation. However, whale-watching areas are 

characterised by high boat traffic and it is usually difficult or impossible to obtain 

control situations without boats at all. In such cases it is necessary to define a gradient 

of disturbance exposure using either distance between boats and animals, boat 

behaviour, or a combination of both. It could be useful to use blocked control design 

comparing low, medium, and high levels of exposure (Morrison et al., 2001). This is 

particularly recommended when it is unclear how animals will respond to impacts 

(Peterson et al., 2001). 
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3.4.9 Replication and pseudoreplication 

In order to assess the natural variance of a parameter, it is necessary to replicate in 

time or space (Stewart-Oaten and Bence, 2001). Land observations do not allow for 

spatial replication in most cases, as usually only one study location is used. Without 

understanding the spatial variation (through replication) of the dependent variable, it 

is not possible to generalise the effect detected in a certain area to the entire range of 

the population. For example if the study area is a bay that individuals use to rest, the 

effect detected in this location cannot be generalised to areas where individuals 

commonly forage. Therefore, replication requires prior knowledge of the population's 

home range and habitat use. Replication in time is necessary to assess impacts that 

may vary seasonally or annually. In addition, replication in time allows assessment of 

whether effects change over time, or are delayed (Peterson et al., 2001). In addition, 

habituation/sensitisation cannot be detected without measurement of changes over 

time. 

While recording behaviour over time allows for assessment of 

habituation/sensitisation, it may also cause new problems. In the case of impacts due 

to boats, "control" (no boats) and impact (boats) periods may occur several times a 

day. Thus, when following the same focal individual/group, these samples are not true 

replicates due to lack of independence. For example, the impact of a particular boat 

interaction probably depends on how many boat interactions the focal 

individual/group has had that the day. We found no study that included previous 

exposure as an independent variable in analyses of boat impacts. Similar problems 

with pseudoreplication are encountered by using consecutive theodolite fixes. Since 

they are obtained from the same animal/s, they cannot be considered independent 

samples. Instead, complete tracks of groups (or a single statistic computed from them; 

e.g. point of closest approach) should be considered a single sample. If identification 

of groups is not possible, the researcher has at least two better options. (a) The 

researcher could specify a time period (e.g. 30 min., 1 hour, 1 day) to separate 

sampling periods and thus increase the likelihood that previous fixes are not directly 

dependent on current positions. (b) By modelling the autocorrelation the researcher 

could compute an interval beyond which the samples are independent. Patterns due to 
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autocorrelation may be of also interest for other questions and analyses for such 

situations are available (Legendre, 1993). 

Pseudoreplication is also a problem when sampling before and after boat interactions 

(BACI design, Morrison et al., 2001). For example, if behaviour follows a temporal 

cycle, sampling at regular time intervals may result in non-random sampling of the 

parameter's variance (Figure 3.1) (Stewart-Oaten et al., 1986), a situation analogous 

to aliasing in an acoustic sampling context (Bradbury and Vehrencamp, 1998). In 

such situations, taking samples randomly in time improves estimation of the 

parameter variance. 

oat interaction 
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Figure 3.1: BACI sampling design with constant sampling interval (grey bars). Note 
that the sampling scheme does not detect the temporal effect of the boat interaction. 
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3.4.10 Statistical power 

While rarely estimated, statistical power can provide important cues for the 

interpretation of results and studies should be designed so that power is maximised. 

For instance, consideration of other parameters affecting dependent variables will 

often improve power to detect effects. The analysis of whistling rate of dolphins can 

serve to illustrate this point. Whistling is affected by the behavioural state (Scarpaci et 

al., 2000). If whistling rate is recorded, but not behavioural state, the contribution of 

the latter to the former cannot be ascertained. The resulting large "unexplained" 

variance will restrict the power of comparing whistling rate in boat/no boat situations. 

Blocking the analysis by behavioural state would partition the variance, and improve 

power (see Peterson et al., 2001). Alternatively, treatment levels (e.g. number of 

boats) should be randomised if possible (Box et al., 1978). If these basic steps are 

considered in the design of future studies of whale-watching impacts, choice of 

statistical analysis is straight-forward and does not require sophisticated methods 

(Underwood, 1997). It would also allow, in many cases, the use of parametric tools, 

which are more powerful than non-parametric tests (Sokal and Rohlf, 1981) and 

which also suit the complex designs of most impact assessment studies much better 

(Underwood, 1997). 

Statistical power analysis can be used in the planning of studies or to evaluate non

significant results (Fairweather, 1991). For example, power analysis can help 

determine necessary sample size given a certain effect magnitude (Fairweather, 1991), 

or the appropriate sampling design and effort (Taylor and Gerrodette, 1993). 

Similarly, it can assist in determining what effect size could have been detected given 

a sample size (Fairweather, 1991) or how likely an experiment with given sample size 

would be to detect a certain effect size (Taylor and Gerrodette, l 993). There has been 

considerable discussion regarding the lack of power analyses in the ecological and 

conservation literature (Taylor and Gerrodette, 1993; Steidl et al., 1997) and certain 

journals require reporting of power (Steidl et al., 1997). However, this effort is not 

reflected in the papers included in this review: only 21 (7%) non-significant results 

were followed up by power analysis. None of the papers reported using power 

analysis prior to the beginning of the study. This is surprising for two reasons. Firstly, 
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considering the almost chronic lack of funds for studies to assess the impacts of 

anthropogenic activities on marine mammals, prior power analysis (sensu 

Fairweather, 1991) represents an important tool to determine the most effective and 

parsimonious study design to detect expected changes (Taylor and Gerrodette, 1993). 

Secondly, it has been suggested that the tradition of fixing the probability of 

committing a Type I error, that is of rejecting a true null hypothesis, at a specified 

level (e.g. 0.05 or 0.01), is not appropriate for environmental impact assessments 

(Fairweather, 1991; Peterson, 1993; Taylor and Gerrodette, 1993). Mapstone (1995, p. 

403) argued that this tradition equates to "a tacit prioritising of development over 

environment". Two points follow from this: First, statistical significance does not 

necessarily reflect biological significance and the former cannot be used to determine 

the latter (Fairweather, 1991; Steidl et al., 1997; Peterson et al., 2001 ). Second, focus 

on Type I errors does not suffice and workers in the environmental impact field 

should be at least similarly concerned with Type II errors (Taylor and Gerrodette, 

1993). This is particularly true since in this context Type II errors are likely more 

expensive economically and ecologically than Type I errors (Fairweather, 1991). 

Thus, if power is not considered, inappropriate management actions can result from 

non-significant tests (Taylor and Gerrodette, 1993; Steidl et al., 1997). Several 

authors have suggested ways to properly consider Type II error probability, such as 

confidence intervals (Steidl et al., 1997), scalable decision rules (Mapstone, 1995) or 

measures of effect magnitude (Kirk, 1996). 

3.4.11 Understanding the long-term impact of observed effects 

The previous sections mainly dealt with appropriate choices for study design and 

analysis. However, one further important consideration deals with the kind of 

question which is being asked in investigations of anthropogenic impacts. All studies 

in this review focused solely on short-term impacts of boat interactions. The 

prolonged effect of these disturbances is not understood. The problem here is the 

difficulty of linking effects on response variables, such as blow interval or 

vocalisation rate, to changes in parameters of importance to the whole population, 

such as reproductive output or population growth. Therefore two avenues of research 
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deserve increased attention: the relationship between changes in response variables 

and the resulting energy expenditure, and the development of new sampling 

techniques. It could be valuable to sample stress hormone levels non-invasively, as 

has been done with African wild dogs (Lycaon pictus) (Creel et al., 1997). 

Progesterone levels in minke whales have been sampled using biopsy techniques 

(Mansour et al., 2002). Sampling of faecal levels of adrenaline has been developed for 

many terrestrial mammals (Creel et al., 1997). This is obviously less invasive than 

biopsy methods, but as yet of unknown practicality. The effect of these hormones on 

the homeostasis of mammals is well known (Thomson and Geraci, 1986) and 

therefore their study would be helpful in assessing prolonged effects of boat 

interactions. 

One of the aims of this chapter is to provide suggestions m order to make 

comparisons between studies easier. Adoption of the following recommendations, 

which stem from · the considerations discussed above, would lead to a more 

standardised reporting of information, and to a more thorough and robust study 

design. 

3.5 Recommendations 

• Studies should be as long as is possible and feasible. Spatial and temporal scales 

of the studies should encompass biologically important scales, such as feeding 

grounds or residency times. This would not only improve assessment of long-term 

impacts, it also would ensure large data sets ( = improved statistical power), and 

the possibility to detect temporal trends and habituation. Information provided 

should include the number and length of periods of field work and which seasons 

they represent; 

• In addition to being readily observable, response variables should relate to 

indicators of stress or to population parameters. They should be appropriate for 

the species under investigation and its life stage or behavioural state. 

• Information on independent variables has to be complete. Boat disturbances 

should be described by their type, activity, predictability, frequency, magnitude, 
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timing and location. Similarly, information on boats should be comprehensive, 

comprising at least size and propulsion system; 

• Inferences from experimental approaches are more powerful but such studies can 

be difficult to implement. A mixture of experimental and opportunistic approaches 

is probably a good compromise between high power of inference and 

uncomplicated logistics. 

• Using both land- and boat-based observations could help in obtaining appropriate 

data. By using both platforms, detailed observations made in the proximity of 

cetaceans (and possible influencing their behaviour) can be supplemented by less 

detailed information made from a distance (and thus not influencing the animals). 

• Controls should be defined carefully, taking into account possible observer 

influence, lack of biological foundation, statistical design and planned scale of 

interpretation. Impacts of research vessels should be evaluated separately from 

those of whale-watching activities; 

• Studies should be effective at detecting impacts. This can be achieved by 

appropriately blocking treatment levels (e.g. corresponding to known thresholds) 

or randomising treatments and by collecting sufficient independent replicates. 

• Power analysis can help in the planing of a study and in the interpretation of 

results. 

These recommendations were developed while I carried out the study of whale

watching impacts on male sperm whales off Kaikoura presented in Chapter 4. 

Consequently, the following study exemplifies some of the problems in terms of study 

design described in the present chapter since only I became aware of these issues as 

field work progressed. On the other hand, I was able to include some of the above 

suggestions on statistical analyses, particularly as they related to power analyses. The 

following chapter thus represents not an ideal case study. Rather, it serves as an 

example displaying some of the existing problems while also demonstrating suitable 

solutions. 
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CHAPTER 4 

Effects Of Current Whale-Watching Activities On Surfacing 

And Vocalisation Patterns 

4. 1 Introduction 

Whales have been observed to respond to whale-watching activities in a variety of 

ways. A significant problem is that the habitat makes observing whale behaviour very 

difficult. Underwater behaviour is largely inaccessible to researchers. The most easily 

observed reactions are whether whales approach or attempt to avoid approaching 

vessels. In an analysis of 25 years of observations collected off Cape Cod, Watkins 

(1986) found that humpback whales increasingly approached vessels, while fin 

whales (Balaenoptera physalus) have stopped approaching whale-watching vessels 

and seemed to ignore them. However, avoidance or attraction is not necessarily all or 

nothing. In response to an approaching dolphin-watching vessel, Hector's dolphins 

(Cephalorhynchus hectori) typically approach it. As the interaction continues over the 

next approximately 30 minutes, however, the dolphins approach Jess frequently and 

show more neutral and avoiding movements (Bejder et al., 1999). 

Ventilation patterns and swimming behaviour of whales in response to vessels can 

also be easily observed. When vessels are present, many baleen whales alter intervals 

between blows and the time spent at the surface between long dives. For example, 

humpbacks reduced blow intervals when vessels approached (Baker and Herman, 

1989). While blow intervals of fin whales did not change in the presence of boats, 

these whales reduced dive duration, time at the surface and the number of blows per 

surfacing (Stone et al., 1992). Comparable changes were observed in gray whales 

(Bass, 2000). In contrast, breathing patterns of Southern right whales (Eubalaena 

austral is) did not change significantly when approached by boats (Findlay, 1999). 

Killer whales (Orcinus orca) and humpback whales alter swimming speed when 
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vessels appear (Baker and Herman, 1989; Kruse, 1991). Also, orientation of travel 

can be altered when vessels approach (Richardson et al., 1995). 

Individual behaviours, or relationships among behaviours or group dispersion can 

change in the presence of boats. For example, dusky dolphins (Lagenorhynchus 

obscurus) jump more often in the presence of boats (Barr and Slooten, 1999). 

Humpback whales, on their migration path past eastern Australia, changed their 

patterns of behaviour such that breaching occurred more often in association with 

peduncle flipper slaps in the presence of vessels (Corkeron, 1995). Furthermore, 

groups of dusky and Hector's dolphins respond to whale-watching boats by forming 

tighter groups (Barr and Slooten, 1999; Bejder et al., 1999). 

In extreme cases, groups of animals may leave an area completely, or at least reduce 

the time spent there. For example, gray whales were reported to have left Guerrero 

Negro Lagoon, Mexico due to heavy ship traffic; they returned once traffic subsided 

(Jones and Swartz, 1984). Spinner dolphins (Stenella longirostris) have reduced their 

use of certain bays off Hawaii for resting since increasing numbers of vessels visited 

them in these areas (Driscoll-Lind and Ostman-Lind, 1999). 

Changes in vocal behaviour have also been described for several whale and dolphin 

species. Beluga whales (Delphinapterus leucas), target of whale-watching in the St. 

Lawrence river, Canada, responded to vessels by reducing calling rates, increased use 

and repetition of certain calls, and shifts to higher frequencies (Lesage and Kingsley, 

1998). Humpbacks shortened their songs when vessels approached (Norris, 1994) and 

bottlenose dolphins (Tursiops truncatus) whistled more in the presence of whale

watching vessels (Scarpaci et al., 2000). Similarly, Pacific humpback dolphins (Sousa 

chinensis) increased whistle frequency after boats had passed (van Parijs and 

Corkeron, 2001). These changes also depended on the presence of calves in the 

groups (van Parijs and Corkeron, 2001). 

Research on the influence of recreationists on the behaviour of land-mammals has 

shown that, under certain circumstances, most targeted species habituate to human 

presence and activity (Knight and Cole, 1995b). Even though comparable literature on 
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marine mammals is sparse, some studies show that whales and dolphins also habituate 

to whale-watching. Over 25 years of whale watching at Cape Cod, minke whales 

(Balaenoptera acutorostrata) and fin whales increasingly ignored whale-watching 

vessels (Watkins, 1986). Similarly, both gray whales and belugas have shown 

lessening responses to whale-watching boats with time (Jones and Swartz, 1984; 

Blane, 1990). 

It is also possible that whales remain rn an area and/or continue with normal 

behaviour, such as feeding, despite the presence of whale-watching vessels. Such 

apparent tolerance, does not imply lack of impact. A political analogy might help: 

Croatians under Milosovich 's leadership underwent extraordinary hardship and civil 

war. Yet most did not leave. Presumably this was not because they were undisturbed, 

but because the social and economic costs of leaving were too great. Indeed, by 

definition, tolerance implies that a biologically significant disturbance is endured due 

to the importance of the present activity or of the environment the animals currently 

occupy (IFA Wet al., 1995). Without knowledge of the importance of the area and/or 

the activity relative to available alternatives, lack of response to a disturbance is 

difficult to interpret. 

As the above examples illustrate, results are often inconsistent among studies. There 

are a variety of possible reasons for this. Firstly, that species should react differently 

is not surprising due to their differences in behaviour and ecology. For example, 

whereas belugas reacted to ice breaking ships by swimming faster, calling more, and 

spreading out, narwhals (Monodon monoceros) responded by "freezing", which is 

characterised by slow or no movement, cessation of vocalisations and close body 

contact (Finley et al., 1990). 

Secondly, individual experiences will influence the way cetaceans respond to 

anthropogenic disturbances. For instance, belugas in areas where they were hunted 

respond differently than individuals in regions where no hunt occurred (Richardson et 

al., 1995). Age of the animals also made a difference, with young belugas responding 

less than adults (Blane, 1990). Beaufort Sea bowheads (Balaena mysticetus) avoid 

motorised boats more than unmotorised boats. Considering that they are hunted from 
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boats with motors, this sensitivity to them is unsurprising (and adaptive) (Richardson 

et al., 1995). 

A third factor is the animals' activity, or motivational state when the disturbance 

occurs. Feeding or travelling belugas were less likely to respond to vessels, compared 

with belugas involved in other behaviours (Blane, 1990; Blane and Jaakson, 1994). 

Similar differences are described for humpback whales, fin whales and blue whales 

(Balaenoptera musculus) (Richardson et al. 1995). In addition, there is evidence that 

reaction of humpbacks to vessels also depends on pod composition (Corkeron, 1995). 

Also, it is almost inevitable that individuals within a species will react differently, as 

some will be more risk-averse than others. 

Lastly and obviously, vessel size and behaviour strongly influence whether and how 

cetaceans react. Slow approaches and smaller vessels caused fewer belugas to respond 

than did fast approaches and large vessels (Blane, 1990; Lesage et al., 1999). 

Similarly, whereas minke whales generally avoid moving vessels they occasionally 

approach stationary boats, or those moving slowly (Richardson et al., 1995). 

Reactions to boats can also depend on the length of an encounter: Hector's dolphins 

display more neutral and avoidance movements after encounters have lasted for 

approximately 70 minutes (Bejder et al., 1999). 

In summary, numerous factors such as species, motivation, current behaviour, age, 

boat type and activity have been shown to influence responses of cetaceans to vessels. 

In most cases, animals engaged in feeding, travelling or socialising react less than 

when involved in other activities. Fast and erratically moving boats appear to be more 

disturbing than vessels approaching whales slowly and with few directional changes. 

It is therefore important to consider these factors and conditions in the analysis of my 

data and interpretation of the results of this thesis. 

4.1 .1 The Kaikoura sperm whales 

Sperm whales off Kaikoura are almost exclusively males. Female groups have been 

observed only twice in ten years of study (S. Dawson, pers. comm., and pers. obs.). 
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Whale distribution at Kaikoura is strongly related to the bathymetry of the Kaikoura 

canyon (Fig. 4.1), particularly in summer, when almost all sightings are made in 

waters deeper than 1,000m. This distribution is more diffuse in winter, when more 

whales are sighted over the Conway Trench (Jaquet et al., 2000) and into areas 

between 500-lOOOm deep. This may be due to changes in prey composition and/or 

distribution (Jaquet et al., 2000). 

Apart from very occasional absences of a few days, sperm whales are present off 

Kaikoura year-round (Jaquet et al., 2000). The average residency time of individuals 

is 42 days (S.E. = 10.3; Lettevall et al. 2002). However, there is evidence for two 

groups with completely different residency patterns: "transient" individuals are seen 

only once, wherease resident animals remain off Kaikoura for several days or weeks 

and often return in more than two seasons (Jaquet et al., 2000). Generally, resident 

animals are sighted closer to shore compared with transient individuals (Childerhouse 

et al., 1995). 

The behaviour of sperm whales off Kaikoura is very predictable and changes slightly 

with the season. Social behaviours are very rarely seen, and almost all whales at the 

surface are alone. In summer, whales spend on average 9.3 minutes at the surface and 

their dives last 43.9 minutes. These values are reduced in winter with an average 

surface time of 8.8 minutes and dives lasting only 38.7 minutes (Jaquet et al., 2000). 

Throughout the year, diving patterns are consistent with foraging behaviour as 

defined by Whitehead and Weilgart (1991). 
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Figure 4.1: Map of Kaikoura area, showing bathymetry and place names used in this 
chapter. 
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4.1 .2 Current Whale-Watching Activities off Kaikoura 

Whale-watching in New Zealand is governed by the Marine Mammal Protection Act, 

which includes the Marine Mammal Protection Regulations. These regulations 

stipulate that anybody wishing to commercially observe marine mammals needs a 

permit from DoC. The regulations state the requirements that have to be met for an 

application to be successful. In addition, they provide rules for approaching marine 

mammals. There are currently three companies with permits to commercially watch 

sperm whales off Kaikoura. 

Whale Watch™ Kaikoura Ltd 

The only boat-based company in Kaikoura with permits to see dolphins as well as 

whales is Whale Watch™ Kaikoura Ltd. The iwi-based company was set up in 1987, 

took over a second permit from another whale-watching company in 1989 (Poharama 

et al., 1998) and has received national and international tourism awards. It currently is 

permitted to operate four vessels at any one time, with up to four trips per day, 

totalling a maximum of 16 trips per day (A. Baxter, DoC, pers. comm.). During the 

period of this study, Whale Watch Kaikoura employed five vessels, only the oldest of 

which still employs outboard motors. This boat is a 12.6m aluminium pontoon vessel 

powered by three 225hp outboards and capable of carrying 32 passengers. The other 

vessels are catamarans with inboard diesels powering jet drives. The smallest of these 

is 12.6m long and its sister vessel measures 14.6m. Both are equipped with twin 

500hp diesel engines. The two newest vessels are identical foil-assisted catamarans, 

18m Jong and powered by twin diesels with approximately 700hp each. These vessels 

have space for up to 48 passengers each. The company offers 6 tours per day 

throughout the year with additional trips during the summer months. Tourists are 

shown a safety and introductory video before they enter the bus to drive to South Bay. 

From there the vessels leave for trips lasting between two-and-a-half to three hours. 

Each trip is accompanied by three or four guides who received in-house training and 

who share the duties of tour narrator, safety officer and watch officer. Refunds are 

given when no whales are seen, at the discretion of the skipper 

( www. w hal ewatch.co.nz ). 
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Wings Over Whales Ltd. 

Wings Over Whales Ltd., stationed at the Kaikoura air field just south of the town, 

carries out whale-watching flights using fixed-wing aircraft. Four-seater (Cessna 172 

or Piper Cherokee) and nine-seater planes (Pilatus Britten Norman Islander) are used 

for the flights that typically last 30 minutes. Flights are scheduled by demand. Before 

the flight, tourists are given a short talk to introduce plane safety procedures as well 

as the whales and dolphins of the area. During the flight, the pilots also act as tour 

guides. After the flight, every passenger receives a brochure with information on the 

company, Kaikoura and the whales. If no whales are spotted, a free second flight at 

the convenience of the passengers is offered (www.whales.co.nz). 

Kaikoura Helicopters 

The only company using helicopters (Bell Model 206 JetRanger) for marine mammal 

viewing in New Zealand began operations in 1991. Tours with up to four passengers 

are scheduled by demand and vary in length between 30 and 50 minutes. Similarly to 

Wings over Whales, before the flight, passengers are briefed on safety and on 

conditions out on the water. This includes an assessment of the likelihood of seeing 

sperm whales on the upcoming flight, estimated from earlier flights, boats and planes 

(www.worldofwhales.co.nz). 
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4.1 .3 Objectives of the Current Study 

The impacts of whale-watching activities on Kaikoura sperm whales have been the 

subject of two previous studies. Between 1990 and 1991, MacGibbon (1991) 

investigated how distribution and breathing patterns of sperm whales changed in 

response to vessel presence. A more comprehensive study followed in 1992 by 

Gordon and colleagues (1996). In addition to recording data on spatial and ventilation 

patterns, they also recorded an array of acoustic characteristics. Operator conduct and 

equipment have been improved in response to both studies. For example, directional 

hydrophones are now commonly used by whale-watch operators to track whales, as 

suggested by MacGibbon (1991). Also, after Gordon et al. (1992) found that a local 

waterjet powered boat was much quieter underwater than any of the similar propeller 

driven vessels, Whale Watch KaikouraTM Ltd has switched to waterjets in all its boats 

built since. Therefore, significant changes in the way whale-watching is being carried 

out have occurred since these previous studies. Meanwhile, the Otago Marine 

Mammal Research Group's more than decade-long research programme on the 

behaviour and ecology of the Kaikoura sperm whales since 1990 has contributed 

important details to our knowledge. Finally, applications for new permits have been 

lodged with DOC. For these reasons, a new investigation into the responses of sperm 

whales to current whale-watching activities was warranted. 

The objectives of the present study were to: 

• 

• 

• 

• 

• 

• 

determine and assess the impacts of current activities on the behaviour of sperm 

whales when in the vicinity of whale-watching platforms, 

determine if resident and transient sperm whales differ in their reactions to whale

watching vessels, 

recommend optimum number and distribution of whale watching trips, 

assess the carrying capacity for whale-watching at Kaikoura, 

provide recommendations on how to reduce impacts, 

suggest amendments to the Marine Mammals Protection Act 1978, and, if 

required, changes to whale-watching regulations and/or permit conditions. 
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4.2 METHODS 

4.2.1 Boat-based observations 

Equipment 

Observations were carried out from Cetos, a 6.6m rigid-hulled inflatable powered by 

a 90hp outboard motor. Three to four people were typically onboard. Positional 

information was obtained via GPS (KODAN KPG-900 or Garmin GPS126), which 

were connected to a Hewlett Packard 95LX palmtop computer in a splash proof 

housing. The computer runs a custom-written program which stores a GPS fix every 

120s to log distribution of spatial effort and ( on pressing "Fl") records the date, time, 

and GPS fix of whale sightings and allows keyboard input of other data. At the end of 

each day the two files (boat track and sightings) are transferred to a Macintosh 

computer for storage. A second palmtop was used for recording of blow intervals. 

Fluke photographs were taken to identify whales individually (Amborn, 1987; 

Childerhouse and Dawson, 1996). Photographs were taken with databack-equipped 

35mm cameras (Nikon F4S, F90x, F5) with 80:-200mm (f2.8) or 300mm (f2.8 and f4) 

autofocus lenses, on Fuji chrome 100 and Fuji Provia 100 slide film. All distances 

were measured with a laser range finder (Bushnell Yardage Pro 600, calibrated 

accuracy ± 1 m). 

During June 1999, observations were made from the 15.3 metre catamaran RV 

Catalyst. Observational protocol and equipment during this season were as described 

above, except that blow intervals were recorded directly on a Macintosh Powerbook 

180. 

Data collected 

Weather 

Weather data were recorded at the beginning of daily effort and whenever conditions 

changed. We recorded Beaufort state and wind direction as well as swell height and 
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direction, all of which were estimated visually. Sighting conditions were estimated as 

being perfect, good, sufficient and unsuitable - depending on glare, visibility and light 

level. Effort was ended when Beaufort state exceeded 3 or sighting conditions were 

less than sufficient. 

Whales 

Whales were tracked with directional hydrophones of our own design and 

manufacture. An encounter began with the surfacing of a whale that had been tracked 

or with the spotting of a whale that had already surfaced. Position and time of 

surfacing ( or spotting) was recorded. If the first blow after surfacing was detected, 

this was also recorded to ensure identification of encounters encompassing the full 

length of a sperm whale's surface time. The whale's initial heading was recorded 

relative to the lubber line of the boat compass. Blow intervals were timed if the 

research vessel was close enough to see blows reliably. Occurrence and kind of aerial 

behaviours (for definitions of aerial behaviours see section 4.2.4) were noted. When 

the whale fluked (i.e. raising the fluke above the water surface; see section 4.2.4), 

time and GPS position were recorded and an ID photo taken. The whale's heading 

before fluking was also noted. In addition, the distance of the research vessel from the 

whale at the time of fluking was measured with the laser range finder. When 

conditions and available people allowed, I listened with the directional hydrophone to 

measure the elapsed time from fluke-up to first click. 

Whale-watching Platforms 

For the purpose of this analysis, the term "whale-watching platform" (WWP) 

comprises aircraft and boats and "aircraft" includes fixed-wing planes and helicopters. 

For each encounter, presence of platforms was recorded. A boat was considered 

present when it had approached the same whale I was observing and thereafter 

remained approximately stationary relative to the whale. Typically, whale-watching 

boats positioned themselves to the side and behind a whale. We recorded the names of 

all boats present. Aircraft were counted as present when they assumed a circular 

flying pattern above the observed whale. 
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Handling of research vessels 

For this thesis, both Cetos and Catalyst will be referred to as 'research vessel' (RV). 

The RV was handled in a consistent way. The advantage of tracking the whale 

acoustically is that the research boat is almost always within 500m (usually much 

less) of the whale when it surfaces. Thus it is usually not necessary to travel fast to get 

within range, and I could manoeuvre the boat behind the whale at slow displacement 

speeds (3-5 knots). When a whale was spotted without tracking, it was often further 

away. To get within range I was often forced to travel faster (typically 15-20 knots) to 

get within range. Approach speed and direction was recorded once the orientation of 

the whale was established. Although distance to the whale at that point varied, this 

method ensured that speed of approach was approximately constant thereafter. Once 

within 500m I slowed to 3-5 knots. 

Our standard practice is to approach from the side or the rear. Approach directions 

were recorded as side, back, or side-back (Fig. 4.2). We did not differentiate between 

right or left side of the whale. Frontal approaches were accidental and occurred in less 

than 1 % of encounters (11 in 1676 encounters) during this investigation. They were 

not included in the analyses to ensure constant boat behaviour. 

After approaching, the boat was positioned behind the whale and kept an 

approximately constant distance to the whale (typically 50 to 100 m), by adjusting 

boat speed to that of the whale. Only for the purpose of measuring whales (from 

Cetos) was the research vessel manoeuvred closer than 50m, and in this case I 

manoeuvred alongside in order to gain side-on photographs showing the blow hole and 

dorsal fin with a pair of precisely aligned cameras (see Dawson et al., 1995, for 

methods). Such approaches are analysed separately in this thesis (see section 4.3.2). 
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Figure 4.2: Schematic showing definition of approach direction. 
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4.2.2 Land based observations 

While I attempted to minimise disturbance due to the research vessel, boat-based 

observations cannot avoid possibly confounding effects. In order to assess such 

effects, I also conducted observations from land. 

Equipment 

Whales were spotted with a pair of high-powered Nikon binoculars (Nikon 18x70 IF 

WP WF on tripod) and time of each blow was recorded. Since occurrence of fog, 

haze, wind and whitecaps make it difficult or impossible to spot blows reliably, 

observations ceased when these conditions prevailed. All data were stored on a 

palmtop computer (HP 200 LX) running custom-written software. 

Data collected 

A land-based observer is lucky if a whale happens to surface in the field of view of 

the binoculars. Thus, the first cue is typically a blow, and I could not usually be sure 

that the first blow was seen. Intervals between blows, and dive time were recorded for 

each whale spotted from land. Boats were recorded as present when they were close 

and stationary relative to the observed whale. Aircraft were recorded as present when 

they were flying a circular pattern above the observed whale. Often I had two teams, a 

hilltop team and a team out in Cetos, collecting data simultaneously. The hilltop team 

stopped collecting data if Cetos approached the same whale. This prevented double 

counting of the same encounter since the team on Cetos collected data on all their 

encounters. Whenever possible, whales observed through the binoculars, were also 

spotted through the theodolite and a fix of their position was taken. 
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4.2.3 Analysis 

The following response variables were used in the analyses: 

• 

• 

• 

• 

Blow interval (average interval between two consecutive blows while a whale 

is at the surface), 

Number of blows per surfacing (the number of times a whale blew during a 

complete surfacing), 

Surface time (time interval between surfacing and fluking), 

Directional heading at surface (the amount and frequency of changes of 

direction a whale carried out while at the surface), 

• Occurrence of aerial behaviour (the number of times aerial behaviours (for 

definition see 4.2.4) occurred during a surfacing), 

• Time to first click (time interval between fluking and the first click from the 

same whale). 

The above variables were chosen for several reasons. First, they all have been shown 

to be influenced by anthropogenic activities (Richardson et al., 1995). Secondly, all 

variables were unambiguous in their definition and could be reliably observed and 

recorded. Thirdly, it is likely that some or all of the variables reflect stress and/or 

avoidance responses. For example, increasing ventilation rates mirror a faster heart 

rate, part of a cardiovascular response to stress (Perry and Gilmour, 1999). Also, 

changes in vocal behaviour may cause increased energy consumption or decreased 

effectiveness at detecting prey (or predators) (Bowles, 1995). Moreover, changes in 

the above variables in response to whale-watching activities indicate that whales 

altered their behaviour from an undisturbed state. Such changes can influence the 

well-being of individual whales. It is important to note that it is this well-being which 

is the focus of most legal frameworks protecting marine mammals (Gisiner, 1998). 

Fourthly, it is reasonable to assume that the whales will respond to a stimulus 

immediately rather than after some time lag. Therefore, all variables could be 

recorded in the immediate vicinity (temporally as well as spatially) of whale-watching 

activities. Finally, the two previous studies (MacGibbon, 1991; Gordon etal., 1992) 

also recorded some of the above variables. This allowed comparisons with these 

previous investigations. 
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Most data were not normally distributed; transformations were often necessary. We 

used: 

Yr= ln(y), or Yr= -;::;y. 

Most data were analysed usmg General Linear Modelling (GLM) methods in 

DataDesk 6.1 (Data Description Inc., Ithaca, NY, U .S.A). The main factors 

considered for inclusion in the GLMs, along with their possible levels, were: 

• Year (1998, 1999, 2000, 2001), 

• Season (summer, autumn, winter, spring), 

• ID (105 IDs), 

• Whale-watching platform/boat/aircraft presence (RV, RV+WWP, RV+WWboats, 

RV+WWaircraft, no vessel). 

The first step to decide on was which of the above factors to include in our analyses. 

Previous research indicated that sperm whales exhibit a seasonal difference in diving 

behaviour (Jaquet et al. 2000) and annual differences in residency of individuals 

(Childerhouse et al. 1996). Therefore, all models included year and season. We then 

had to decide whether to include ID and platform presence, and also whether 

interaction terms would be required. To do this in an objective and data-based 

manner, I used Aikaike's Information Criterion (AIC), an information-theoretic 

approach described by Burnham and Anderson (1998). This method basically 

measures two relative components for each model in a set of potential models: how 

closely a specific model describes the data and how complex that model is. The 

important point here is that model fit and complexity form a balance: a very basic 

model, e.g. considering only season, may fit the data rather poorly, but will be simple 

and thus easy to interpret. In contrast, a very complex model, for example one 

considering year, season, ID and platforms along with their interactions, will likely fit 

the data much better, but will also be much more difficult to interpret due to its 

numerous factors and combinations thereof. The ideal model then will be as simple as 

possible to describe the data adequately. The AIC facilitates such decisions by 

ranking all possible models according to their fit and complexity. 
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The tables presenting AIC results show the following information: 

• RSS: 

• n: 

• K: 

Residual Sum of Squares, a measure of the model fit; 

Sample size; 

Number of factors included in model, a measure of model complexity; 

Distance between i1
h model and best model in set, a measure of how 

good each model is relative to other models in set; the best model has 

the distance value of zero; :::::i = AICi -AICmin-

Akaike weight of i1
h model, a measure of how likely it is that the i1

h 

model is indeed the best model given the data and the other models in 

the set; weights are scaled so that all weights for a set of models add up 

to one (due to rounding, sum of all weights may not equal one in 

tables); 

i=l 

In all AIC tables, the models are listed ranked from best to worst, i.e. the model with a 

:::::1 value of zero and with the largest * i value is provided in the first line of the table. 

It is these factors included in the best model which subsequently will be used in GLM 

analyses to determine the influence of each of the factors in the model on the data. 

In a few cases, no transformation was able to normalise the data and non-parametric 

tests were used. Frequency data were analysed with log-likelihood ratio tests (2*2 G

tests with Williams' correction) or, if sample sizes were small, Fisher's Exact Test 

(Sokal and Rohlf, 1981). 

In order to address statistical concerns over pseudoreplication without losing too 

many data points I divided the data into three subsets. The first set ("Data Set 1 ") 

includes all data and thus did not consider whale ID since not all encounters contained 

ID information. The second set ("Data Set 2") comprises only encounters with ID 

data. To reduce likelihood of pseudoreplication the data for each individual were 

averaged by day and vessel presence. For example, if whale HL120 was seen five 

times during one day, two of the encounters being with RV, and three with 

RV+WWP, the data for analysis include two values: one being the mean of the RV 

encounters and the second the mean of the RV+ WWP encounters. To account for the 
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fact that these resulting means are computed from between one to three original data 

points, I weighted the means used in GLMs by the number of original data points 

comprising each mean. The third data set ("Data Set 3") consisted of the same data 

points as Data Set 2, but contained information on the residency patterns of the 

particular animal. Thus, I used Data Set 3 to investigate responses by transient and 

resident individuals. All data in the final set ("Data Set 4") were collected from shore. 

For some comparisons, they were combined with data from one of the previous sets. 

Influence of approach speed and direction was only analysed for the research vessel. 

Initial experiments indicated that speed and approach angle of whale-watching vessels 

could not be reliably measured from shore. The large distance between whale

watching boats and shore station, and the consequently necessary use of high

powered binoculars, distorted the perspective too much to allow for unbiased distance 

measurements. If not noted otherwise, means are provided with standard errors and * 

was set at 0.05. 

Because our on-board computer system records GPS fixes at regular intervals, I have 

detailed data on the location of search effort. Spatial analyses were standardised by 

search effort, by dividing the study area in grids of lkm2 and summing the time spent 

searching in each grid as well as the number of sightings per grid. The total number of 

sightings in each grid was then divided by the total amount of time spent in the same 

grid. (Time was chosen as a measure of effort rather than distance travelled since a 

considerable amount of time is spent tracking sperm whales while stationary. 

Therefore, distance would have underestimated total effort). Sightings per minute 

were then plotted in ArcView 3.2 * (ESRI, Redlands, CA, U.S.A.). 
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4.2.4 Definitions 

Season categories: 

Summer: Data co11ected during January and February. 

Autumn: Data co11ected during March and April. 

Winter: Data co11ected between June and August. 

Spring: Data collected during November and December. 

Encounter categories 

Encounter ( enc.): An encounter was scored when a sperm whale was spotted at the 

surface. If two sperm whales were sighted, two encounters would be logged unless the 

two whales were close(< 100m) together and behaving in a coordinated fashion (e.g. 

turning to the same direction, diving at the same time). 

Research vessel (RV): Cetos or Catalyst are referred to as research vessel. Cetos was 

used in al1 seasons except June 1999. 

Whale-watching platform (WWP): This term comprises al] boats and aircraft, used in 

the commercial whale-watching activities off Kaikoura. If the type of platform is of 

particular interest, its name (in case of boat) or type (plane, helicopter) will be 

mentioned. In the sections analysing impacts of boats and aircraft separately, 

"platform" is replaced by either "boat" or "aircraft". 

Encounter with RV: Only the research vessel is within 300 m of the whale during an 

encounter. Abbreviation used in graphs and tables: RV 

Encounter without platform: No boat or aircraft is with the observed whale during the 

duration of its surfacing. If the RV stayed more than 300 m from the whale during an 
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encounter, this encounter was then considered an 'encounter without vessel'. 

Abbreviation used in graphs and tables: No platform. 

Encounter with WWP: A minimum of one whale-watching platform is present during 

at least part of the time the observed whale is at the surface. Encounters were not 

distinguished by the number and kind or WWP present. Sample size in some of the 

categories would have been too small for such analysis. Abbreviation used in graphs 

and tables: RV+ WWP for boat-based observations, WWP for land-based encounters. 

Behaviours of sperm whales off Kaikoura (after Whitehead and Weilgart, 

1991) 

Fluking: Whale raises its fluke above the water surface to an almost vertical positions. 

Indicates the beginning of a foraging dive. 

Shallow dive: Whale submerges without fluking. 

Breach: Whale leaps partially or completely out of the water. 

Head-out: Whale raises head partially or completely above water surface. 

Lobtail: Whale thrashes fluke onto water surface. 

Side-fluke: Whale turns on one side and lifts one side of the fluke out of the water. 

Fluke-first: Whale brakes the surface with the fluke first, frequently holding it in 

almost perfectly vertical position. 

Residency pattern of sperm whales off Kaikoura 

Resident: A whale that has been sighted in more than one season and/or during more 

than one day is considered a 'seasonal resident', following the definition by Jaquet et 

al. (2000). The updated sighting frequencies also show a clear break between animals 

seen only once and more than one day (Fig. 4.3). 
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Transient: A whale that has been seen only during one day is categorized as transient. 
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Figure 4.3: Frequency distribution of the number of days an individual whale was 
seen off Kaikoura along with the corresponding cumulative percentage. 
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Definition of Data Sets used in analyses 

Data Set 1: Data set that includes all data. Information on whale ID was not 

considered in this data set. 

Data Set 2: Data set that includes only data points with ID information. Response 

variables were averaged for each individual by day and vessel presence. 

Data Set 3: Same as Data Set 2, but including also information on residency patterns 

of individual whales. This data set is used to investigate responses by residents and 

transients separately. 

Data Set 4: This data set includes all observations collected from shore. 
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4.3 Results 

The first section provides information on the observation effort. The following section 

examines the influence of whale-watching platforms (boats and aircraft combined) on 

the behaviour of the whales. The next three sections report on the influence of the 

platforms separately. Section 4.3.4 examines effects of the research vessel, section 

4.3.5 those of whale-watching boats and lastly section 4.3.6 describes the effects of 

whale-watching aircraft. 

Each section begins with the results from the AIC analysis for all available data sets, 

followed by the corresponding GLM tests to determine the relative importance of the 

included factors. 

4.3.1 Summary of research effort 

In total, I have carried out 8 field seasons. Tables 4.1 and 4.2 summarise these seasons 

and provide an overview of our effort. 
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Table 4.1: Summary of the boat-based effort spent off Kaikoura 1998-2001. 
Encounters relate to sightings of sperm whales only. The number of IDs includes only 
encounters during which I obtained a suitable photoID of the whale. 

Season 

Nov/Dec 98 

Feb99 

Jun 99 

Nov/Dec 99 

Mar/Apr 00 

Jun 00 

Nov/Dec 00 

Feb 01 

Total 

# of days 

22 

21 

16 

14 

16 

13 

23 

20 

145 

Total hours 

162 

168 

83.6 

79.8 

113.9 

76.3 

134.1 

145.2 

962.7 

# of encounters 

379 

353 

111 

119 

162 

118 

209 

225 

1676 

# of IDs 

286 

280 

49 

74 

85 

87 

131 

172 

1164 

Table 4.2: Summary of land-based effort off Kaikoura 2000- 2001. 

Season # of days Total hours # of encounters 

Mar/Apr 00 10 27 36 

Jun 00 6 55.8 104 

Nov/Dec 00 13 69.7 104 

Feb 01 16 91.8 191 

Total 45 244.3 435 

Encounter rate and the number of IDs gained per time (from the boat) were higher 

during the first two seasons, and have been increasing again slightly since June 99 

(Fig. 4.4). In most (60-70%) of our boat based encounters, in all seasons, our research 

vessel was the only vessel present (Fig. 4.5). 
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Figure 4.5: Seasonal proportion of boat-based encounters with and without whale
watching platforms. Numbers above bars represent sample sizes. 

From shore, the total proportion of encounters with and without whale-watching 

platforms was more equal (Fig. 4.6). However, the proportion differed among 
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seasons; most sightings were without platforms during the first two seasons, and a 

majority of sightings were with platforms in the final field season (Feb. 01). This 

largely reflects changing priorities as the study progressed. For example, in the 

beginning I was keen to get as much "control" data as possible (no platforms at all) 

since that is only possible from the hilltop. So, if several whales were visible, I 

co]]ected data from the one without whale-watchers. Later in the study, to increase the 

amount of data collected while aircraft were overhead, I favoured those situations. 
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Figure 4.6: Seasonal proportion of shore-based encounters with and without whale
watching vessels. Numbers above bars represent sample sizes. 
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4.3.2 Reactions to approaches for stereo-photography 

Definition 

For purpose of photogrammetric length measurements, I occasionally approached 

whales to take stereo-pictures (Dawson et al., 1995). This required Cetos to be 

alongside and close to the whale (<50m) until three pairs of pictures were taken. Once 

completed, I then manoeuvred the boat slowly to the normal position behind the 

whale. Stereo-approaches were never carried out when whale-watching platforms 

were present. Since these approaches did not conform with the regular behaviour of 

Cetos around whales, I investigated whether the whales' responses to these 

approaches differed from those to normal RV encounters. 

Results 

Twenty-eight stereo approaches were carried out. Only resident animals were 

involved in successful attempts. Blow intervals were not significantly affected by 

stereo approaches. Similarly, neither mean blow interval, coefficient of variation, 

mode of blow interval nor number of blows showed significant differences. The same 

results were obtained for absolute change in direction, time to first click and surface 

time (Table 4.3). 

Table 4.3: Summary of effects of stereo approaches on behavioural parameters. 

Parameter Test df F-ratio p.-value 

Mean blow interval GLM 1 1.38 0.24 

Blow interval median GLM 1 0.03 0.87 

CV of mean blow interval GLM 1 2.63 0.11 

Mean number of blows GLM 1 0.10 0.75 

Time to first click GLM 1 2.06 0.15 

Change of heading Mann-Whitney U 0.10 

Frequency of heading change 2*2 G 0.10 

Surface time GLM 1 0.36 0.55 
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Conclusion 

Resident whales did not respond significantly to the closer and side-on approach 

necessary for stereo-photography. We acknowledge, however, that statistical power to 

detect effects is compromised by relatively low sample size that was itself caused by 

stereo-photography not having a high priority in this investigation. In order to detect a 

"medium" sized effect (f < 0.25) 80% of the time it would have required a total of 256 

samples. All successful attempts were with resident whales. On five occasions, 

attempts to stereo-photograph transients were abandoned due to the whale continually 

turning away from the vessel. Since these approaches were not successful, they are 

not included in the above analysis. Thus, considering the low sample size of the 

analysis and the potential effect of these approaches on transient individuals, I 

excluded encounters with stereo approaches from further analyses. This exclusion 

also ensured that the behaviour of the RV was as consistent and predictable as 

possible for the following comparisons. 
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4.3.3 The impact of whale-watch platforms on sperm whales 

Ventilation patterns 

Data available for analysis 

Data on breathing patterns were collected from the RV on 1,211 encounters, totalling 

31,741 blow intervals. Information on the ID of the whale was available for about 

three-quarters of the encounters (n = 913). This data set includes sightings of 105 

different whales, comprising 55% of the current ID catalogue (n = 190). From shore, I 

logged 424 encounters, encompassing 8,811 blow intervals. These data are 

summarised in Table 4.4. 

Table 4.4: Summary of data on ventilation patterns collected from the RV and shore 
(mean (CV)). 

Variable Data set RV Shore 

Blow interval 

Data Set 1 (n = 1,175) 16.5 (36.42) 

Data Set 2 (n = 885) 15.8 (18.99) 

Data Set 3: Residents only (n = 829) 15.8 (18.61) 

Data Set 3: Transients only (n = 56) 15.0 (22.73) 

Data Set 4 (n = 424) 16.7 (27.55) 

CV of blow mean 

Data Set 1 (n = 1,175) 23.8 (50.00) 

Data Set 2 (n = 885) 22.5 (43.82) 

Data Set 3: Residents only (n = 829) 22.4 (44.24) 

Data Set 3: Transients only (n = 56) 23.8 (37.86) 

Data Set 4 (n = 423) 24.9 (48.43) 

Blow interval median 

Data Set 1 (n = 1,175) 16.0 (31.00) 

Data Set 2(n = 855) 15.5 (17.81) 

Data Set 3: Residents only (n = 575) 15.5 (17.41) 

Data Set 3: Transients only (n = 39) 15.3 (23.33) 

Data Set 4 (n = 381) 16.2 (27. 76) 

Number of blows per surfacing 

All data (n = 521) 30.8 (34.36) 

Data with ID (n = 313) 23.9 (38.26) 

Data Set 3: Residents only (n = 388) 32.4 (29.75) 

Data Set 3: Transients only (n = 23) 35.5 (29.92) 
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Model Selection: Which models best fit the data? 

The focus of this section is to evaluate, using AICs (see page 51 for explanation of 

AIC method), which combination of variables best fits each data set. 

Data Set 1 

Comparing among models usmg AICs indicated that vessel presence was not 

necessary to explain variation in blow intervals, mode and CV. None of the best 

models (i.e. :::::; =0) for these response variables included vessel as a necessary factor 

(Table 4.5). However, analysing number of blows required vessel presence to be 

included (Table 4.5). 

Table 4.5: AIC analysis of blow interval characteristics using Data Set 1. Within each 
response variable, models are given in order of preference, as ranked using AICs. '+' 
signs in model name indicate model without interactions, '*' signs indicate model 
with interactions. (RSS = residual sums of squares; K = number of factors included in 
irh model; :::::i = distance of fh model to best model in set; * i = Akaike weight of irh 
model). (2-way) indicates that only interactions between two main factors were 
considered. 

Response variable Factors RSS n K <. *i -, 
Mean blow interval 

Year *Season 62.18 1174 4 0 0.98 
Year +Season 62.68 1174 3 7.4 0.02 

Year*Season*Platform 61.06 1161 8 38.09 :;;0.00 
Year +Season+Platform 62.11 1161 4 46.9 :;;0.00 

Blow median 
Year*Season 58.39 1171 4 0 0.97 
Year +Season 58.83 1171 3 6.79 0.03 

Year*Season * Platform 57.05 1158 8 33.02 :;;0.00 
Year +Season+Platform 58.17 1158 4 47.55 :s; 0.00 

CV of blow mean 
Year +Season 187.95 1174 3 0 0.73 
Year*Season 187.94 1174 4 1.95 0.27 

Year +Season+ Platform 184.89 1161 4 19.65 :;;0.00 
Year*Season * Platform 183.83 1161 8 21.00 :;;0.00 

Mean number of blows 
Year*Season*Platform (2-way) 53158.50 521 8 0 0.81 

Year*Season 54322.40 521 4 3.28 0.16 
Year +Season+Platform 54707.80 521 4 6.97 0.003 

Year +Season 55306.10 521 3 10.63 :s; 0.00 

All tables presenting AIC analyses have the same structure and use the same symbols. 
Please refer to this table for explanations. 
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Data Set 2 

AIC analysis of the data set including IDs and with response variables averaged by 

individual, day and vessel presence required the inclusion of vessel presence in the 

models without exception. Best models (i.e. :::::i = 0) for all analyses were the full 

models with interactions (Table 4.6). 

Table 4.6: AIC analysis of blow interval characteristics using Data Set 2. 

Response variable Factors RSS n K <. *; -, 
Mean blow interval 

Year*Season*ID*Platform 9.09 617 11 0 1.00 

(2-way,no Year*Season) 

Year*Season*ID 9.74 617 7 34.61 s; 0.00 

(2-way, no Year*Season) 

Year+Season+ID 12.36 617 4 175.60 s; 0.00 

Year +Season+I D+Platform 12.36 617 5 177.60 s; 0.00 

CV of blow mean 

Year*Season*ID*Platform 50.26 585 11 0 1.00 

(2-way, no Year*Season) 

Year*Season*ID 54.69 585 7 41.42 s; 0.00 

(2-way, no Year*Season) 

Year +Season+I D+Platform 63.56 585 5 125.34 s; 0.00 

Year+Season+ID 63.97 585 4 127.10 s; 0.00 

Blow median 

Year*Season*ID*Platform 12.28 615 11 0 1.00 

(2-way) 

Year*Season*ID 12.97 615 7 25.62 s; 0.00 

(2-way) 

Year+Season+ID 15.99 615 4 148.35 s; 0.00 

Year+Season+ID+ Platform 15.94 615 5 148.43 s; 0.00 

Mean number of blows 

Year*Season*ID*Platform (2-way) 8530.9 313 11 0 1 

Year+Season+ID 15777.6 313 4 178.46 s; 0.00 

Year +Season+I D+Platform 15734.2 313 5 179.60 s; 0.00 

Year*Season*ID (2-way) 102224.0 313 7 769.33 s; 0.00 
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Data Set 3 

Data Set 3 was analysed using only platform presence as a factor for two reasons. 

Since Data Set 3 contains the same data as Data Set 2, no new AIC analysis was 

carried out. Furthermore, by using Data Set 3, I was chiefly interested in whether 

residents and transients respond differently to the presence of whale-watching 

platforms and not in determining the most influential factor (which has been 

accomplished already with the analysis of Data Set 2). 

Data Set4 

Shore-based data were best explained by models including both season and vessel 

presence (year was not included in this analysis since observations were carried out 

only in two years) (Table 4.7). Number of blows per surfacing was not analyzed 

because I could not be sure of having seen the first blow. 

Table 4.7: AIC analysis of blow interval characteristics using Data Set 4. 

Response variable Factors RSS n K <. *i -, 
Mean blow interval 

Season*Platform 18.20 424 4 0 0.60 
Season+Platform 18.35 424 3 1.48 0.29 

Season 18.52 424 2 3.45 0.10 
CV of blow mean 

Season*Platform 76.84 424 4 0 0.75 
Season+Platform 77.71 424 3 2.80 0.19 

Season 78.47 424 2 4.91 0.06 
Blow median 

Season*Platform 18.22 424 4 0 0.82 
Season+Platform 18.47 424 3 3.78 0.12 

Season 18.62 424 2 5.21 0.06 
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Which factors explain most of the variance? 

In the previous section I established which model best fitted each data set. In this 

section I explore the preferred model (for each data set) to allow judgement of which 

factors, or combinations of them, are most important. This is done by looking at the 

G LM results. 

Data Set 1 

GLM analysis of this data set showed no significant effect of vessel presence except 

for the median of blow intervals (Table 4.8). Year and season were the dominant 

influences. The median was influenced by year and season and the interaction 

between year and season. 

Data Set 2 

Variation caused by individual differences among whales was large, swamping the 

effects of other factors in GLM analyses (Table 4.9). 
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Table 4.8: Summary of results of GLM analyses on blow interval characteristics 
using Data Set 1. ('Ln(mean/mode/CV)' denotes that the corresponding response 
variable was transformed using the natural logarithm). Significant p.-values are 
marked in bold. PV = percentage of variance explained by effects (Murphy and 
Myors, 1998); f = measure of effect magnitude, f=0.1 is a "small" effect, f=0.25 is a 
"medium" effect, f=0.4 is a "large" effect (Kirk, 1996). 

Response variable Factors df F-ratio p.-value PV f 

Ln(mean) 

Year 3 11.77 :: 0.001 2.82 0.16 

Season 3 15.55 :: 0.001 1.45 0.11 

Year*Season 1 9.37 0.002 0.78 0.08 

Ln(CV) 

Year 3 15.54 :: 0.001 4.47 0.21 

Season 3 6.67 :: 0.001 1.94 0.13 

Year*Season 2 0.48 0.62 0.12 0.02 

Ln(median) 

Year 2 11.60 :: 0.001 2.21 0.16 

Season 3 5.81 :: 0.001 3.28 0.19 

Year*Season 1 18.12 :: 0.001 3.41 0.21 

# of blows 

Year 2 2.79 0.06 1.09 0.08 

Season 3 4.91 0.002 2.83 0.15 

Year*Season 1 9.04 0.003 1.75 0.12 

Platform 2 0.62 0.54 0.24 0.04 

Year* Platform 2 0.46 0.63 0.25 0.04 

Season* Platform 3 0.87 0.46 0.51 0.03 

All tables presenting GLM analyses have the same structure and use the same symbols. 

Please refer to this table for explanations. 
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Table 4.9: Summary of results of GLM analyses on blow interval characteristics 
using Data Set 2. 

Res onse variable Factors df F-ratio .-value PV f 

Ln(mean) 
ID 98 2.20 s 0.001 35.29 0.43 

Season 3 0.34 0.80 0.26 0.07 

ID*Season 20 1.33 0.16 6.42 0.13 

Year 3 1.17 0.32 0.90 0.04 

ID*Year 54 1.10 0.32 13.26 0.11 

Season*Year 1 0.11 0.75 0.03 0.05 

Platform 2 0.41 0.66 0.21 0.05 

ID*Platform 44 0.55 0.99 5.91 0.22 

Season*Platform 3 1.66 0.18 1.27 0.07 

Year*Platform 3 0.21 0.89 0.69 0.03 

Ln(CV) 
ID 95 0.95 0.62 20.05 0.11 

Season 3 1.19 0.32 0.99 0.04 

ID*Season 19 0.65 0.87 4.41 0.08 

Year 3 0.52 0.67 0.43 0.06 

ID*Year 53 0.84 0.78 11.06 0.15 

Season*Year 1 2.37 0.12 0.66 0.06 

Platform 2 1.11 0.33 0.61 0.02 

ID*Platform 44 0.62 0.97 7.11 0.20 

Season*Platform 3 0.53 0.66 0.44 0.06 

Year*Platform 3 0.25 0.86 0.21 0.08 

Ln(median) 
ID 98 1.60 0.001 29.02 0.38 

Season 3 1.24 0.30 0.96 0.04 

ID*Season 20 1.23 0.23 6.04 0.11 

Year 3 1.49 0.22 1.15 0.06 

ID*Year 54 0.83 0.80 10.48 0.15 
~ Season*Year 1 0.25 0.62 0.06 0.04 

Platform 2 0.34 0.71 0.18 0.06 

ID*Platform 44 0.37 1.00 4.02 0.26 

Season*Platform 3 1.97 0.12 1.52 0.08 

Year*Platform 3 0.10 0.96 0.08 0.08 

# of blows 
ID 71 2.60 s 0.001 54.97 0.53 

Season 3 0.33 0.81 0.65 0.07 

ID*Season 13 1.13 0.34 8.87 0.07 

Year 2 0.90 0.41 1.18 0.02 

ID*Year 34 1.65 0.02 27.09 0.23 

Season* Year 1 0.14 0.71 0.09 0.05 

Platform 1 0.22 0.64 0.14 0.04 

ID*Platform 31 0.67 0.90 12.09 0.16 

Season* Platform 3 1.52 0.21 0.42 0.08 

Year*Platform 2 0.28 0.76 0.37 0.06 
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Data Set 3: Comparisons between residents and transients 

Characteristics of ventilation patterns of residents and transients were not 

significantly altered by presence of whale-watch platforms, but this comparison is 

severely compromised by the low sample size for transients for which a complete 

surfacing period was observed (n=20). In general, transients were rarely visited by 

whale-watching platforms. In addition, obtaining complete surfacings typically 

involved tracking the whale prior to it surfacing. Therefore, another platform was 

rarely present when I was observing a transient that I had tracked. Nevertheless, there 

is an indication of a difference in the number of blows (Table 4.10). Residents blew 

31.56 (± 0.69; n = 172) times per surfacing with only the RV present. With WWP 

present, number of blows increased to 33.35 (± 0.82; n = 121). In contrast, transients 

reduced their number of blows from 37.25 (± 2.36; n = 18) with only RV present to 

23 (n = 2) in the presence of WWP. The effect of other variables was much less. 

Table 4.10: Summary of results of GLM analyses on blow interval characteristics 
using Data Set 3, analysing responses to whale-watching platforms by residents and 
transients. 

Data set Response variable df F-ratio p.-value PV f 

Residents 

Ln(mean) 1 0.43 0.65 0.08 0.04 

Ln(CV) 1 1.96 0.14 0.18 0.01 

Ln(median) 1 0.60 0.55 0.10 0.03 

# of blows 1 3.81 0.05 1.29 0.08 

Transients 

Ln(mean) 1 0.01 0.93 0.02 0.05 

Ln(CV) 1 0.66 0.42 1.81 0.03 

Ln(median) 1 0.04 0.85 1.01 0.04 

# of blows 1 3.05 0.10 14.48 0.07 
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Data Set4 

From shore, encounters were either with WWP or without any vessel ( encounters 

during which the RV approached were terminated). Four hundred and twenty-four 

encounters were observed of which 58% (n = 244) were without vessels present. 

These encounters had a mean blow interval of 16.9 seconds (S.E. = 0.24) and ranged 

from 10 to 36.9 seconds. Encounters with vessels had a mean interval of 16.4 seconds 

(S.E. = 0.42; n = 180; min= 10.6; max= 59.2). GLM analysis of these observations 

showed an effect of vessel presence on mean blow interval barely above the 

significance level, and a significant effect on the median of blow intervals (Table 

3.11). Whales reduced median blow interval from 16.30 seconds(± 0.22; n = 244) 

without platforms to 15.98 seconds(± 0.42; n = 180) with whale-watching platforms. 

However, effect size was typically "small" (see PV values; Table 4.11). 

Table 4.11: Summary of results of GLM analyses on blow interval characteristics 
using Data Set 4. 

Response variable Factors df F-ratio p.-value PV f 

Ln(mean) 

Platform 1 3.82 0.05 0.91 0.08 

Season 3 1.26 0.29 0.90 0.04 

Ln(CV) 

Platform 1 0.35 0.55 0.09 0.04 

Season 3 0.89 0.55 0.64 0.03 

Platform*Season 3 1.58 0.19 1.13 0.06 

Ln(median) 

Platform 1 4.32 0.04 1.03 0.09 

Season 3 1.41 0.24 1.01 0.06 

Platform*Season 3 1.92 0.13 1.36 0.08 
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Surface time 

Data available for analysis 

For analysis of the time whales spent at the surface, only encounters during which the 

first blow was detected could be included. In total, 794 such encounters were 

recorded, 28% of which include ID information (n = 221). The overall mean surface 

time was 8.7 (± 0.17) minutes. The shortest interval recorded was 0.1 minutes while 

the longest surface time lasted 53.3 minutes. 

Model selection: What models best fit the data? 

The focus of this section is to evaluate, via AI Cs, which combination of variables best 

fits each data set. For Data Set 1, the variables year, season and vessel, with no 

interaction term, provided the best model. In contrast, when Data Set 2 was used, the 

full model with 2-way interactions was the most appropriate model (Table 4.12). 

Table 4.12: AIC analysis of surface time. 

Data Set Factors RSS n K <. *; -, 
Data Set 1 

Year +Season+Platform 467.23 793 4 0 0.75 

Year*Season * Platform 463.81 793 8 2.18 0.25 

Year +Season 476.80 793 3 14.08 :c;0.00 

Year*Season 475.76 793 4 14.36 

Data Set 2 

Year*Season*ID*Platform (2-way) 11.17 327 11 0 1 

Year*Season*ID (2-way) 13.90 327 7 :,;0.00 :c;0.00 

Year+Season+ID 19.00 327 4 :c;0.00 :,;0.00 

Year +Season+ID+Platform 18.99 327 5 :c; 0.00 :,;0.00 
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GLM Analysis: Which factors explain most of the variance? 

In this section I explore the preferred model (for each data set) to allow judgement of 

which factors, or combinations of them, explain most of the variance. 

Data Set 1 

For Data Set 1, the only significant factor was vessel presence (Table 3.13). Surface 

time without and with WWPs was 8.38 (± 0.22; n = 545) minutes and 9.16 (± 0.26; n 

= 248) minutes, respectively. 

Data Set 2 

When Data Set 2 was used, ID and interactions with year were the significant main 

factors (Table 4.13). In addition, the interaction between vessel and season was 

significant. 

Table 4.13: Summary of results of GLM analyses on surface time. The response 
variable in Data Set 1 was transformed using square-root. 

Data Set Factors df F-ratio .-value PV f 

Data Set 1 

Year 3 2.20 0.09 0.83 0.07 

Season 2 0.59 0.55 0.15 0.03 

Platform 1 10.93 0.001 1.37 0.11 

Data Set 2 

ID 74 2.16 ::. 0.001 49.82 0.46 

Season 3 0.86 0.46 1.58 0.03 

ID*Season 13 1.21 0.28 8.90 0.0.8 

Year 2 1.78 0.17 2.16 0.06 

ID*Year 34 1.80 0.008 27.54 0.26 

Season*Year 1 0.04 0.85 0.03 0.05 

Platform 1 1.62 0.20 1.00 0.04 

ID*Platform 32 1.02 0.45 16.83 0.04 

Season*Platform 3 3.83 0.01 6.66 0.15 

Year*Platform 2 0.80 0.45 0.99 0.03 
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Data Set 3: Comparison between residents and transients 

The data seemed to suggest that residents and transients respond differently to the 

presence of WWPs. Surface time for residents remained virtua]]y unchanged (RV: 

9.25 ± 0.23; n = 182; RV+WWP: 9.23 ± 0.20; n = 122; Table 4.14). Transients spent 

9.70 min. (± 0.74; n = 21) at the surface in the presence of RV and 6.98 min.(± 0.77; 

n = 2) when WWPs also took part in the encounter. However, only two such 

encounters were recorded, therefore no statistical comparison was possible. 

Table 4.14: Summary of results of GLM analyses on effects of vessel presence on 
surface time using Data Set 3, comparing responses by residents and transients. 

Data set Factors df F-ratio p.-value PV f 

Residents 

Platform 1 0.76 0.39 0.19 0.02 

Directional heading 

Analysis of all available data 

Directional heading was analysed in two ways. Firstly, the frequency of encounters 

during which a change in heading occurred (i.e. change in absolute heading > 10°) 

was analyzed for influence of platform presence. Since heading change can be 

measured only from the research vessel, aH data include a potential effect of the RV. 

If whale-watch platforms have no extra effect, the ratio of no direction changes (<10°) 

to direction changes (> 10°) for the RV should be the same as when whale-watch 

platforms are present also. Secondly, absolute change in heading was compared 

between RV encounters and WWP encounters. This was calculated by subtracting the 

first compass heading of an encounter from the last heading just before fluking. The 

absolute value of this difference was used in the analyses and should be 

approximately the same if whale-watching platforms have no effect. 
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Data Set 1 

Using Data Set 1, Whales responded significantly to the presence of whale-watching 

platforms by turning more frequently (Table 4.15). Similarly, platform presence 

significantly affected the magnitude of heading change (Table 4.16). Mean heading 

change during RV encounters increased from 25.2 degrees to 30.4 degrees change 

during RV+ WWP encounters (Table 4.16). 

Data Set 2 

It is not useful to compute daily averages of whether heading changes occurred. 

Therefore, I can use Data Set 2 only in the analysis of mean heading change, which 

did not show significant effects of whale-watching vessels (Table 4.16). 

Data Set 3: Comparison between residents and transients 

The additional presence of whale watch platforms caused significantly more direction 

changes for residents (p. = 0.037) but not for transients (p. = 0.11) (Table 4.15). 

However, transients changed direction in half the encounters with WWP, but in only 

22% of the encounters with the RV, suggesting a real difference in reactions. If this 

difference were consistent, I would have needed to see 26 interactions between 

transients and WWP for statistical significance (p. = 0.05) to be reached with a 

statistical power of 0.80. 

Residents changed heading on average 24.7 degrees with the RV only. The increase to 

29.2 degrees when WWPs were present was not significant (Table 4.16). Transient 

whales seemed to respond more to the presence of WWPs. They turned on average 

17.3 degrees with RV and 32.5 degrees with WWPs. This difference was not 

significant (Table 4.16). 
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Table 4.15: Summary of analysis of frequency of heading change in response to the 
presence of WWPs. Tests were 2*2 G-test for residents and Fisher's Exact Test for 
transients. Numbers in brackets give column percentages for resident and transient 
whales, respectively. 

Data set Encounter RV RV+WWP p.-value 

Data Set 1 

< 10° 491 (72) 242 (63) < 0.01 

> 10° 195 (28) 141 (37) 

Data Set 3: Residents 

< 10° 347 (71) 197 (64) 0.04 

> 10° 149 (29) 110 (36) 

Data Set 3: Transients 

< 10° 39 (78) 4 (50) 0.11 

> 10° 11 (22) 4 (50) 

Table 4.16: Summary of analysis of amount of heading change in response to the 
presence of WWPs. Tests were Mann-Whitney U tests without ties. (Since the Mann
Whitney U test ranks the values in a data set, ties between the same data values are 
possible. Inclusion of such ties violates some assumptions and necessitates estimation 
of the test statistic. To avoid this, ties were not included in any analysis employing 
this test). Numbers in brackets are S.E.s. 

Data set RV RV+WWP p.-value 

Data Set 1 (n = 1101) 25.2 (2.25) 30.4 (3.28) <0.01 

Data Set 2 (n = 605) 24.2 (2.68) 29.4 (3.62) 0.68 

Data Set 3: Residents (n= 562) 24.7 (2.90) 29.2 (3.73) 0.80 

Data Set 3: Transients (n = 41) 17.3 (5.91) 32.5 (10.13) 0.19 
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Aerial behaviour 

Instances of aerial behaviour were recorded in 163 encounters. Aerial behaviour was 

more common during RV encounters compared with WWP encounters (Table 4.17). 

Statistical comparison was not possible for transient whales since aerial behaviours 

were recorded only on two occasions. 

Table 4.17: Summary of analysis of frequency of aerial behaviours in response to the 
presence of WWPs. Tests were 2*2 G-test. Numbers in brackets give column 
percentages for the corresponding comparison. 

Data Set Response RV RV+WWP p.-value 

Data Set 1 

No aerial behaviour 954 (88.5) 565 (93.5) 

Aerial behaviour 124 (11.5) 39 (6.5) 0.001 

Data Set 3: Residents 

No aerial behaviour 560 (91) 379 (95) 

Aerial behaviour 54 (9) 21 (5) 0.003 

Data Set 3: Transients 

No aerial behaviour 50 (96) 9 (100) 

Aerial behaviour 2 (4) 0 

Consecutive encounters with and without whale-watch platforms 

Consecutive encounters were defined as encounters which either had consecutive 

encounter numbers in the sightings file and/or had fluke times less than two average 

dive durations(= 80 minutes) apart. Of all encounters collected between 1998 -2001, 

415 fulfilled this criterion, resulting in 174 groups of between two to eight 

consecutive encounters. Most of these (42%, n = 74) included RV and RV+WWP 

encounters. The remaining groups consisted only of RV encounters (38%, n = 66) or 

WWP encounters (20%, 34). For analysis, encounters were divided into the following 

transition categories: 
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• "RV-WWP": transition from an encounter with RV to a WWP encounter (similar 

to a "before-during" comparison); 

• "WWP-RV": transition from an encounter with WWP to a RV encounter (similar 

to a "during-after" comparison). 

Analysis for blow intervals was carried out by subtracting the interval of the 'RV

encounter' from that of the 'WWP-encounter' (RV-WWP comparison) and similarly, 

the interval from the 'WWP-encounter' was subtracted from the 'RV-encounter' 

(WWP-RV comparison). It was then determined whether these differences were 

negative or positive and the frequency of occurrence of each was tallied for RV-WWP 

and WWP-RV comparisons. Analysis for surface intervals followed this method, 

however, only encounters with the 1st blow were included in the analysis. While 

sperm whales did not change their blow intervals before or after encounters with 

WWPs (Table 4.18 and Figure 4.7, they increased their time at the surface when 

WWPs were present in the second encounter. However, surface times of encounters 

following a WWP encounters were usually shorter than those with WWPs (Table 4.18 

and Figure 4.8). 

Table 4.18: Frequency of positive and negative changes of blow intervals and surface 
time. Only consecutive encounters with a change of vessel presence were considered. 

RV-WWP WWP-RV 2*2 G-Test 

Blow Interval 

Negative change 16 (44%) 20 (47%) 

Positive change 20 (56%) 23 (53%) p = 0.86 

Surface time 

Negative change 5 (33%) 8 (73%) 

Positive change 10 (67%) 3 (27%) p = 0.05 
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Time to First Click 

Data available for analysis 

Information on time to first click was available for 620 encounters. Of these, 16 were 

stereo approaches, thus leaving 596 for analysis. Mean time to first click was 29.5 

seconds (SE = 1.50), with a minimum of 1 second and a maximum of 540 seconds. If 

whales had not started clicking after more than 10 minutes I usually terminated the 

encounter. This occurred on eight occasions. 

Model selection: Which model best fits the data? 

For both Data Sets 1 and 2, the best model included presence of whale-watching 

platforms, and an interaction between platforms, year and season (Table 4.19). 

Table 4.19: AIC analysis of time to first click. 

Data Set Factor RSS n K <. *; -, 
Data Set 1 

Year*Season*Platform 211.54 596 7 0 0.99 

Year*Season 220.65 596 4 19.13 s; 0.00 

Year+Season+ Platform 211.54 596 4 29.93 s; 0.00 

Year+Season 226.67 596 3 33.18 s; 0.00 

Data Set 2 

Year*Season*ID* Platform (2-way) 62.98 392 11 0 1.00 

Year*Season*ID (2-way) 69.08 392 7 28.24 s; 0.00 

Year+Season+ID 89.54 392 4 123.93 s; 0.00 

Year+Season+ID+ Platform 89.37 392 5 125.19 s; 0.00 
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GLM analysis: Which factors explain most of the variance? 

Data Set 1 

All main factors were significant in the GLM in addition to some interaction terms 

(Table 4.20). In response to WWPs, whales reduced the time to first click from 33.3 

(S.E. = 2.19; n = 355) seconds to 23.6 (S.E. = 1.32; n = 240) seconds. 

Data Set 2 

When Data Set 2 was investigated, only ID was significant (Table 4.20), indicating 

that variability due to individual differences again swamped the effect of everything 

else. In this comparison, whales took 27.57 (± 1.34; n = 232) seconds to start clicking 

with only the RV present and 26.17 (± 1.50; n = 160) seconds with WWPs. 

Data Set 3: Comparison between residents and transients 

Resident and transient whales responded differently to presence of whale watching 

vessels, though the differences were not statistically significant at the specified level. 

Resident whales decreased the time to first click in the presence of WWPs (Table 

4.21). In contrast, transients increased time to first click in the presence of WWPs 

(Table 4.21). A Mann-Whitney U test resulted in a p-value barely above the 0.05 

alpha value (Table 4.21). It is worth stressing the difference in reaction here: residents 

displayed only a small difference when WWPs were present. Transients, on the other 

hand, increased the time to first click by approximately 20 seconds in the presence of 

whale-watching vessels. 
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Table 4.20: Summary of results of GLM analyses on time to first click. Response 
variables were transformed using the natural logarithm in analysis of both data sets. 
Significant p-values are marked in bold. 

Data Set Factor df F-ratio p.-value PV f 

Data Set 1 

Year 3 6.8 :s 0.001 3.40 0.17 

Season 3 4.24 0.005 2.15 0.13 

Year*Season 1 15.04 :s 0.001 2.53 0.15 

Platform 1 4.11 0.04 0.71 0.07 

Year* Platform 3 2.37 0.07 1.21 0.08 

Season* Platform 3 2.18 0.09 1.12 0.08 

Year*Season* Platform 1 11.79 :s 0.001 2.00 0.14 

Data Set 2 

Year 3 1.17 0.32 1.51 0.04 

Season 3 0.35 0.79 0.45 0.07 

Year*Season 1 0.27 0.61 0.12 0.04 

ID 68 1.94 :s 0.001 36.55 0.40 

Year*ID 42 1.17 0.24 17.63 0.13 

Season*ID 10 0.72 0.71 3.01 0.09 

Platform 1 0.94 0.33 0.41 0.01 

Year* Platform 3 0.73 0.54 0.95 0.05 

Season* Platform 3 0.76 0.52 0.98 0.04 

ID* Platform 28 0.64 0.92 7.26 0.16 

Table 4.21: Summary of change in time to first click in response to the presence of 
WWPs using Data Set 3, comparing residents and transients. Tests were Mann
Whitney U tests without ties. Numbers in brackets are S.E.s. 

Data Set 

Data Set 3: Residents (n=375) 

Data Set 3: Transients (n = 17) 

RV RV+WWP 

26.9 (1.39) 25.1 (1.43) 

39.5 (3.80) 59.4 (11.18) 

p-value 

0.84 

0.07 
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4.3.4 The impact of the research vessel on sperm whales 

The impact of the research vessel can only be assessed by comparing observations of 

unaccompanied whales from shore with boat-based observations. 

Ventilation patterns 

Data available for analysis 

In order to keep both data sets comparable, data from the same time frame were used. 

Therefore, boat-based observations were limited to 2000-2001. From shore, I 

recorded 244 encounters without any platform in the vicinity of the observed whales. 

During the same time frame these land-sightings were made (2000-2001), I logged 

263 encounters without any other platforms close by. 

Model selection: which models best fit the data? 

For the analysis of blow mean and median the additive model including all three 

factors (year, season and RV presence) were required. Coefficient of variation of 

blow mean was best modelled by year and season without interaction (Table 4.22). 
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Table 4.22: AIC analysis of blow interval characteristics of encounters with the RV. 

Response variable Factors RSS n K Si *i 

Mean blow interval 

Year+Season+RV 24.18 507 4 0.0 0.81 

Season*Platform*RV 24.03 507 7 2.85 0.19 

Year +Season 24.94 507 3 13.69 :5.0.00 

CV of blow mean 

Year +Season 85.13 506 3 0.0 0.51 

Year +Season+RV 84.87 506 4 0.45 0.41 

Year*Season*RV 84.40 506 7 3.64 0.08 

Blow median 

Year +Season+Platforni 20.68 507 4 0.0 0.85 

Year*Season * Platform 20.58 507 7 3.54 0.14 

Year +Season 21.23 507 3 11.31 :5.0.00 

GLM Analysis: Which factors explain most of the variance? 

Both blow mean and median were influenced by the presence of the RV (Table 4.23), 

although differences were small. When unaccompanied, whales exhibited a mean 

blow interval of 2.8 (± 0.01; n = 244) and a median of 2.8 (± 0.01; n = 244). When the 

RV was with whales, these changed to 2.7 (± 0.02; n = 263) and 2.7 (± 0.01; n = 263), 

respectively. Percentages of explained variance and effect sizes are "small" (Table 

4.23). 
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Table 4.23: Summary of results of GLM analyses on blow interval characteristics of 
encounters with the RV. Response variables were transformed using the natural 
logarithm. 

Response variable Factors df F-ratio p.-value PV f 

Ln(mean) 

Year 1 13.06 so.oo 2.54 0.17 

Season 2 9.72 s0.00 3.73 0.21 

RV 1 15.84 s0.00 3.06 0.19 

Ln(CV) 

Year 1 6.69 0.01 1.32 0.12 

Season 2 3.24 0.03 1.27 0.11 

Ln(median) 

Year 1 13.31 s0.00 2.58 0.18 

Season 2 10.47 so.oo 4.00 0.22 

RV 1 15.05 s0.00 2.91 0.19 

Influence of Approach direction and speed 

AIC analysis was not required here since I was interested only in the influence of 

approach speed and direction on behaviour rather than relative to other factors. I did 

not use daily averages in this analysis (Data Set 2) since that would have not only 

averaged the response variable but also the independent variables (speed and 

direction). 

Approach speed did not have significant effects (Table 4.24). In contrast, approach 

direction influenced variability of blow intervals (Table 4.25). Variability was 

reduced from 25.01 (± 0.73; n = 190) when approached from the back to 23.59 (± 

0.88; n = 108) and 20.17 (± 1.40; n = 24) when approached from the side or side

back, respectively. This was due to behaviour of residents rather than transient whales 

(Table 4.25). Effect sizes were "small" in both cases. 
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Table 4.24: Summary of results from GLM analyses on the effect of approach speed 
on ventilation patterns. Only RV encounters were included. 

Response variable Factors df F-ratio p.-value PV f 

Data Set 1 

Ln(mean) 1 3.66 0.06 1.15 0.09 

Ln(CV) 1 0.14 0.71 0.04 0.05 

Ln(Median) 1 2.93 0.09 0.92 0.08 

# of blows 1 0.03 0.85 0.02 0.07 

Surface time 1 0.92 0.34 0.42 0.02 

Residents 
'.s 

Ln(Mean) 1 1.35 0.25 0.65 0.04 

Ln(CV) 1 1.82 0.18 0.88 0.06 

Ln(Median) 1 1.35 0.25 0.65 0.04 

# of blows 1 0.07 0.80 0.05 0.08 

Surface time 1 3.04 0.08 2.13 0.12 

Transients 

Ln(Mean) 1 0.04 0.84 0.15 0.19 

Ln(CV) 1 0.24 0.63 0.83 0.16 

Ln(Median) 1 0.04 0.84 0.14 0.18 

# of blows 1 1.82 0.20 13.17 0.25 

Surface time 1 0.98 0.34 6.12 0.04 
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Table 4.25: Summary of results from GLM analyses on the effect of approach 
direction on ventilation patterns. Only RV encounters were included. 

Response variable Factors df F-ratio p.-value PV f 

Data Set 1 

Ln(Mean) 2 0.18 0.84 0.11 0.07 

Ln(CV) 2 3.90 0.02 2.38 0.13 

Ln(Median) 2 0.79 0.46 0.49 0.04 

# of blows 2 2.62 0.08 2.66 0.13 

Surface time 2 0.23 0.79 0.70 0.04 

Residents 

Ln(Mean) 2 1.27 0.28 1.19 0.05 

Ln(CV) 2 3.43 0.03 3.15 0.15 

Ln(Median) 2 2.16 0.12 2.01 0.10 

# of blows 2 2.41 0.07 5.04 0.18 

Surface time 2 1.23 0.30 2.46 0.07 

Transients 

Ln(Mean) 2 0.29 0.60 1.23 0.17 

Ln(CV) 2 0.06 0.81 0.27 0.20 

Ln(Median) 2 0.46 0.51 1.94 0.15 

# of blows 2 1.98 0.20 19.83 0.33 

Surface time 2 0.29 0.60 2.53 0.24 
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4.3.5 The impact of whale-watching boats on sperm whales 

Ventilation Patterns 

Model selection: Which model best fits the data? 

Data Set 1 

The most parsimonious model included year, season and boat presence as well as 

interactions (up to 2-way) for the analysis of mean and median (Table 4.26). CV and 

number of blows were sufficiently modelled by year and season (Table 4.26). 

Table 4.26: AIC analysis of blow interval characteristics of encounters with the RV 
and with whale-watching boats (WWboats) using Data Set I. 

Response variable Factors RSS n K <. *; -, 
Mean blow interval 

YeaPSeason*WWboats 54.02 977 8 0 0.62 

Year*Season 54.52 977 4 1.00 0.38 

Year +Season 55.17 977 3 10.58 s; 0.00 

Year +Season+ WWboats 55.17 977 4 12.58 s; 0.00 

Blow median 

Year*Season * WWboats 51.94 973 8 0 0.93 

Year*Season 52.65 973 4 5.21 0.07 

Year +Season 53.29 973 3 14.97 s; 0.00 

Year +Season+ WWboats 53.22 973 4 15.69 s; 0.00 

CV of blow mean 

Year +Season 161.11 976 3 0 0.48 

Year +Season+ WWboats 160.92 976 4 0.85 0.32 

Year*Season 161.11 976 4 2.00 0.18 

Year*Season * WWboats 160.47 976 8 6.12 0.02 

Mean number of blows 

Year*Season 78.76 435 8 0 0.81 

Year*Season*WWboats 77.40 435 4 3.28 0.16 

Year +Season+ WWboats 80.66 435 4 6.97 0.003 

Year +Season 81.28 435 3 10.63 s; 0.00 

Data Set 2 

The full model was required without exception (Table 4.27). 
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Table 4.27: AIC analysis of blow interval characteristics of encounters with the RV 
and with whale-watching boats (WWboats) using Data Set 2. 

Response variable Factors RSS n K <. *; -, 
Mean blow interval 

Year*Season*ID*WWboats (2-way) 8.00 554 11 0 1.00 

Year*Season*ID (2-way, no Year*Season) 8.54 554 7 28.19 s0.00 

Year +Season+I D 11.13 554 4 168.93 s0.00 

Year+Season+ID+WWboats 11.13 554 5 170.93 s0.00 

CV of blow mean 

Year*Season*ID*WWboats (2-way) 50.00 553 11 0 1.00 

Year*Season*ID (2-way, no Year*Season) 53.62 553 7 30.65 s 0.00 

Year +Season+I D+ WWboats 63.53 553 5 120.44 s0.00 

Year+Season+ID 63.89 553 4 121.56 s0.00 

Blow median 

Year*Season*ID*WWboats (2-way) 11.18 552 11 0 1.00 

Year*Season*ID (2-way) 11.88 552 7 25.52 s0.00 

Year+Season+ID 14.90 552 4 144.55 s0.00 

Year+Season+ID+ WWboats 14.86 552 5 145.07 s0.00 

Mean number of blows 

Year*Season*ID*WWboats (2-way) 6529.84 267 11 0 1 

Year*Season*ID (2-way) 8256.76 267 7 54.65 s0.00 

Year+Season+ID 13492.0 267 4 179.77 s 0.00 

Year +Season+I D+ WWboats 13490.0 267 5 181.74 s0.00 

Data Set 4 

To model data collected from shore, AIC analysis recommended inclusion of all 

factors but no interaction terms (Table 4.28). 
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Table 4.28: AIC analysis of blow interval characteristics of encounters with the RV 
and with whale-watching boats (WWboats) using Data Set 4. 

Response variable Factors RSS n K <. *; -, 
Mean blow interval 

Year+Season +WWboats 14.27 350 4 0 0.64 

Year +Season 14.44 350 3 2.14 0.22 

Year*Season *WWboats 14.15 350 7 3.04 0.14 

CV of blow mean 

Year+Season +WWboats 63.91 349 4 0 0.79 

Year*Season *WWboats 63.40 349 7 3.20 0.16 

Year+Season 65.31 349 3 5.56 0.05 

Blow median 

Year+Season +WWboats 14.47 350 4 0 0.48 

Year +Season 14.57 350 3 0.41 0.39 

Year*Season *WWboats 14.33 350 7 2.60 0.13 

GLM Analysis: Which factors explain most of the variance? 

Data Set 1 

None of the analyses showed any significant effect of the presence of the additional 

whale-watching boats (Table 4. 29). As in previous analyses of this data set, year and 

season dominated. 

Data Set 2 

As before, individual differences were the most prominent factors in the analyses of 

blow interval characteristics (Table 4.30). 
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Table 4.29: Summary of results of GLM analyses on blow interval characteristics 
using Data Set 1. 

Response variable Factors df F-ratio p.-value PV f 

Ln(mean) 

Year 3 8.43 :s 0.001 2.56 0.24 

Season 3 4.13 :s 0.001 1.27 0.15 

Year*Seasons 1 8.51 :s 0.001 0.88 0.14 

WWboats 1 ::; 0.001 0.98 <0.00 0.05 

Year *WWboats 3 0.36 0.78 0.11 0.07 

Season *WWboats 3 0.36 0.79 0.11 0.07 

Year*Season *WWboats 1 0.12 0.73 0.01 0.05 

Ln(CV) 

Year 3 14.06 :s 0.001 4.20 0.32 

Season 3 7.43 :s 0.001 2.24 0.22 

Ln(median) 

Year 3 7.93 :s 0.001 2.43 0.23 

Season 3 2.79 :s 0.001 0.87 0.16 

Year*Seasons 1 8.14 :s 0.001 0.84 0.13 

WWboats 1 1.66 0.20 0.17 0.04 

Year *WWboats 3 0.92 0.43 0.29 0.02 

Season *WWboats 3 1.36 0.25 0.43 0.05 

Year*Season *WWboats 1 0.04 0.85 0.004 0.05 

# of blows 

Year 2 3.78 0.02 1.74 0.12 

Season 3 6.75 :s 0.001 4.52 0.21 

Year*Seasons 1 14.82 :s 0.001 3.35 0.19 
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Table 4.30: Summary of results of GLM analyses on blow interval characteristics 
using Data Set 2. 

Res onse variable Factors df F-ratio .-value PV f 

Ln(mean) 
Year 3 0.17 0.92 0.15 0.08 

Season 3 0.49 0.69 0.42 0.06 

Year*Seasons 1 0.03 0.87 0.08 0.05 

ID 91 2.39 s 0.001 38.67 0.56 

> Year*ID 52 1.11 0.29 14.35 0.12 

Season*ID 20 1.28 0.19 6.91 0.12 

WWboats 1 0.51 0.47 0.15 0.03 

Year*WWboats 3 0.28 0.84 0.24 0.07 

Season*WWboats 3 1.43 0.23 1.23 0.06 

ID*WWboats 31 0.62 0.95 5.28 0.17 

Ln(CV) 
Year 3 1.21 0.31 1.04 0.04 

Season 3 1.36 0.25 1.17 0.05 

Year*Seasons 1 2.52 0.11 0.73 0.06 

ID 91 1.02 0.43 21.25 0.07 

Year*ID 52 0.94 0.60 12.33 0.08 

Season*ID 20 0.81 0.70 4.50 0.08 

WWboats 1 0.001 0.97 0.00 0.04 

Year*WWboats 3 0.15 0.93 0.13 0.07 

Season*WWboats 3 0.71 0.55 0.62 0.04 

ID*WWboats 31 0.69 0.89 5.85 0.13 

Ln(median) 
Year 3 0.74 0.53 0.64 0.04 

Season 3 1.18 0.32 1.02 0.03 

Year*Seasons 1 0.11 0.74 0.03 0.04 

ID 91 1.76 s 0.001 31.83 0.35 

Year*ID 52 0.86 0.74 11.53 0.12 

Season*ID 20 1.23 0.23 6.69 0.09 

WWboats 1 0.27 0.60 0.08 0.04 

Year*WWboats 3 0.40 0.76 0.35 0.06 

Season*WWboats 3 2.80 0.04 2.39 0.10 

ID*WWboats 31 0.39 0.10 3.4 0.19 

# of blows 
Year 2 1.33 0.27 2.19 0.05 

Season 3 0.48 0.70 1.20 0.08 

Year*Seasons 1 0.20 0.65 0.17 0.06 

ID 67 2.29 s 0.001 56.32 0.57 

Year*ID 34 1.73 0.02 33.08 0.31 

Season*ID 12 1.21 0.29 10.88 0.10 

WWboats 1 0.21 0.65 0.18 0.06 

Year*WWboats 2 1.51 0.23 2.48 0.06 

Season*WWboats 3 1.71 0.17 4.13 0.09 

ID*WWboats 22 0.80 0.72 12.88 0.13 
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Data Set 3: Comparison between residents and transients 

Ventilation patterns of neither residents nor transients were impacted by whale-watch 

vessels (Table 4.31). Interestingly, only transients display effect sizes over 0.1, while 

all values for residents are well below this value, indicating that power was not 

sufficient to detect changes in transients.We were not able to obtain a complete 

surfacing with a transient whale and whale-watching boats, therefore I could not 

compute a GLM for number of blows of transients. 

Table 4.31: Summary of results of GLM analyses on blow interval characteristics 
using Data Set 3, comparing residents and transients. 

Data Set Response variable df F-ratio p.-value PV f 

Residents 

Ln(mean) 1 0.43 0.51 0.08 0.03 

Ln(CV) 1 2.99 0.08 0.57 0.06 

Ln(median) 1 1.16 0.28 0.22 0.02 

# of blows 1 0.06 0.80 0.02 0.06 

Transients 

Ln(mean) 1 1.79 0.19 6.01 0.17 

Ln(CV) 1 0.01 0.94 0.02 0.19 

Ln(median) 1 2.01 0.17 6.70 0.19 

Data Set4 

When compared with encounters without any platform present, whale-watching boats 

influenced mean blow interval and the CV, both decreasing when boats were with the 

whales (Table 4.32). Blow means decreased from 2.80 (± 0.01; n = 244) to 2.75 (± 

0.02; n = 106), CV decreased from 3.15 (± 0.03; n = 243) to 3.02 (± 0.04; n = 106). 
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Table 4.32: Summary of results of GLM analyses on blow interval characteristics 
using Data Set 4. 

Response variable Factors df F-ratio p.-value PV f 

Ln(mean) 

Year 1 4.61 0.03 1.32 0.10 

Season 2 3.43 0.03 1.95 0.12 

WWboats 1 4.03 0.045 1.16 0.09 

Ln(CV) 

Year 1 3.73 0.05 1.07 0.09 

Season 2 1.68 0.18 0.97 0.06 

WWboats 1 7.57 0.01 2.15 0.14 

Ln(median) 

Year 1 3.38 0.07 0.97 0.08 

Season 2 2.43 0.09 1.39 0.09 

WWboats 1 2.41 0.12 0.69 0.06 

Surface time 

Model selection: what model best fit the data? 

Data set 1 required only year and season to describe surface time appropriately, 

whereas Data Set 2 needed the full model with interactions (Table 4.33). 
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Table 4.33: AIC analysis of surface time. 

Data Set Factors RSS n K S; *; 

Data Set 1 

Year +Season 7241.47 498 3 0 0.51 

Year+Season +WWboats 7230.56 498 4 1.25 0.28 

Year*Season 7241.13 498 4 1.98 0.19 

Year*Season *WWboats 7191.9 498 8 6.58 0.02 

Data Set 2 

Year*Season *ID*WWboats (2-way) 1092.75 281 11 0 1.00 

Year*Season *ID (2-way) 1312.13 281 7 29.87 s 0.001 

Year+Season +ID+WWboats 1674.92 281 5 107.23 s 0.001 

Year+Season +ID 1687.43 281 4 113.00 s 0.001 

Year*Season 2616.37 281 4 278.82 s 0.001 

Year +Season 2599.96 281 3 282.77 s 0.001 

GLM Analysis: Which factors explain most of the variance? 

Data Set 1 

Neither of the factors was significant (Table 4.34). 

Data Set 2 

Surface time was reduced significantly by the presence of whale-watching boats 

(Table 4.34). With only the RV in attendance, whales stayed at the surface for 9.29 (± 

0.22; n = 203) minutes. When whale-watching boats were present, this time was 

reduced to 9.04 (± 0.24; n = 78) minutes. 
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Table 4.34: Summary of results of GLM analyses on surface time. 

Data Set Factors df F-ratio p.-value PV f 

Data Set 1 

Year 2 0.72 0.49 0.29 0.04 

Season 3 0.52 0.67 0.32 0.06 

Data Set 2 

Year 2 2.97 0.05 4.41 0.12 

Season 3 0.81 0.49 1.85 0.05 

Year*Seasons 1 0.17 0.69 0.13 0.05 

ID 70 1.27 0.12 40.80 0.26 

Year*ID 34 1.21 0.22 24.18 0.16 

Season*ID 12 0.64 0.80 5.62 0.12 

WWboats 1 3.94 0.049 2.96 0.10 

Year *WWboats 2 1.64 0.20 2.48 0.07 

Season *WWboats 3 2.94 0.04 6.40 0.14 

ID *WWboats 23 0.78 0.76 11.93 0.14 

Data Set 3: Comparison between residents and transients 

Residents did not significantly alter their time at the surface in response to whale

watching boats (RV: 9.25 ± 0.23; n = 182; RV+ Wwboats: 9.04 ±::0.24; n= 78) (Table 

4.35). There was no record of a transient with whale-watching boats of which I 

observed the complete surface period. 

Table 4.35: Summary of results of GLM analyses on surface time using Data Set 3, 
comparing residents and transients. 

Data Set Response variable df F-ratio p.-value PV f 

Residents 

WWboats 0.04 0.84 0.02 0.06 
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Directional heading 

Data Set 1 

Whales responded to whale-watching boats by turning significantly more frequently, 

but the arc of the turns was not significantly greater (RV: 24.21 ± 2.24; n = 686; RV + 

WWboats: 30.25 ± 4.00; n = 257) (Tables 4.36 and 4.37). 

Data Set 2 

The frequency of turning cannot be compared in this data set, but the arc of the turns 

can. There was no statistical evidence that whales make larger turns in the presence of 

whale-watching boats (RV: 24.15 ± 2.68; n = 377; RV+ WWboats: 32.46 ± 4.93; n = 
170) (Table 4.37). 

Data Set 3 

Since there were no data on heading change in the presence of whale-watching boats 

for transients, it is not surprising that the analysis of residents reflects the above 

results (Tables 3.34 and 35) 
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Table 4.36: Summary of analyses of frequency of heading change in response to the 
presence of whale-watching boats. Tests were 2*2 G-tests. Numbers in brackets give 
column percentages for each data set. 

Data set Encounter RV RV+WWboats p.-value 

Data Set 1 

< 10° 491 (72) 160 (62) < 0.01 

> 10° 195 (28) 97 (38) 

Data Set 3: Residents 

< 10° 347 (71) 136 (63) 0.04 

> 100 140 (29) 79 (37) 

Table 4.37: Summary of amount of heading change in response to the presence of 
whale-watching boats. Tests were Mann-Whitney U tests without ties. Numbers in 
brackets are S.E.s. 

Data set 

Data Set 1 (n = 943) 

Data Set 2 (n = 547) 

Data Set 3: Residents (n= 512) 

Aerial Behaviour 

RV RV+WWboats 

24.2(2.24) 30.3 (4.00) 

24.2 (2.68) 32.5 (4.93) 

24.7 (2.90) 32.5 (4.93) 

p.-value 

0.49 

0.31 

0.37 

Aerial behaviour was more frequent when only the RV was with whales. This was 

significant for the complete data set (Data Set I), but not when analysing residents 

and transients separately (Table 4.38). 
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Table 4.38: Summary of analyses of frequency of aerial behaviour in response to the 
presence of whale-watching boats. Tests were 2*2 G-tests. Numbers in brackets give 
column percentages for each data set. 

Data set Encounter RV RV+WWboats p.-value 

Data Set 1 

No aerial behaviour 954 (88) 382 (94) 0.001 

Aerial behaviour 124 (12) 25 (6) 

Data Set 3: Residents 

No aerial behaviour 560 (91) 266 (95) 0.06 

Aerial behaviour 54 (9) 15 (5) 

Data Set 3: Transients 

No aerial behaviour 50 (96) 1 (100) 

Aerial behaviour 2 (4) 0 

Time to First Click 

Model selection: which model best fits the data? 

Both data sets were best described by fulJ models with interactions (Table 4.39). 
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Table 4.39: AIC analysis of time to first click. 

Data Set Factors RSS n K <. *; -, 

Data Set 1 

Year*Season *WWboats 174.57 499 8 0 0.99 

Year*Season 181.19 499 4 10.57 0.01 

Year+Season +WWboats 186.44 499 4 24.83 ::s 0.001 

Year +Season 188.89 499 3 29.34 ::s 0.001 

Data Set 2 

Year*Season *ID*WWboats (2-way) 47.26 337 11 0 1.00 

Year*Season *ID (2-way) 52.88 337 7 29.87 ::s 0.001 

Year+Season +ID+WWboats 67.32 337 5 107.23 ::s 0.001 

Year+Season +ID 68.89 337 4 113.00 ::s 0.001 

Year*Season 112.68 337 4 278.82 ::s 0.001 

Year +Season 114.69 337 3 282.77 ::s 0.001 

GLM Analysis: Which factors explain most of the variance? 

Data Set 1 

Together with year, season and their interactions, whale-watching boat presence was 

also a significant factor (Table 4.40). Whales reduced the time to first click from 

31.42 (± 2.27; n = 355) seconds in the presence of the RV to 23.21 (± 1.49; n = 144) 

seconds when whale-watching boats were present as well. 
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Data Set 2 

Individual differences between whales were the most important factor and the only 

one significant (Table 4.40). The fact that whales reduced time to first click from 

27.57 (± 1.34; n = 232) seconds to 21.03 (± 0.88; n = 105) seconds when whale

watching boats were around was not statistically significant. 

Table 4. 40: Summary of results of GLM analyses on time to first click. 

Data Set Factors df F-ratio p.-value PV f 

Data Set 1 

Season 3 3.63 0.01 2.21 0.13 

Year 3 5.61 s 0.001 3.37 0.17 

Year*Seasons 1 16.48 s 0.001 3.30 0.18 

WWboats 1 4.09 0.04 0.84 0.08 

Season*WWboats 3 2.14 0.09 1.31 0.08 

Year*WWboats 3 1.64 0.18 1.01 0.06 

Season* Year* WWboats 1 8.68 0.003 1.77 0.12 

Data Set 2 

Year 3 1.34 0.26 2.09 0.06 

Season 3 0.53 0.67 0.84 0.07 

Year*Seasons 1 0.29 0.59 0.15 0.05 

ID 61 1.71 0.003 35.69 0.36 

Year*ID 39 1.06 0.39 17.97 0.08 

Season*ID 10 0.86 0.58 4.37 0.07 

WWboats 1 0.74 0.39 0.39 0.03 

Year*WWboats 3 1.01 0.39 1.60 0.01 

Season*WWboats 3 1.04 0.38 1.63 0.02 

ID*WWboats 24 0.67 0.88 7.88 0.15 

Data Set 3: Comparison between residents and transients 

Only data for residents are available. These whales showed a significant difference in 

time to first click depending on the presence of whale-watching boats. With only the 

RV present, whales began to click after 26.92 (± 1.39; n = 220) seconds. When whale-
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watching boats were also present, whales clicked already after 21.03 (± 0.88; n = 105) 

seconds (GLM, df = 1, F-ratio = 5.87; p.-value = 0.02; PV = 1.79; f = 0.12). 

4.3.6 The impact of whale-watching aircraft on sperm whales 

Ventilation Pattern 

Model selection: Which model best fits the data? 

Data Set I 

Mean blow interval, CV and median were described best by models containing only 

year and season. In contrast, number of blows required whale-watching planes to be 

consideted (Table 4.41). 
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Table 4.41: AIC analysis of blow interval characteristics of encounters with the RV 
and with whale-watching planes (WWaircraft) using Data Set 1. 

Response variable Factors RSS n K <. *; -, 
Mean blow interval 

Year*Season 43.18 792 4 0 0.80 

Year*Season* WWaircraft 42.98 792 8 4.32 0.09 

Year +Season 43.55 792 3 4.76 0.07 

Year+Season+WWaircraft 43.54 792 4 6.58 0.03 

Blow median 

Year*Season 37.95 790 4 0 0.77 

Year +Season 38.24 790 3 4.01 0.10 
, 

Year*Season* WWaircraft 37.77 790 8 4.24 0.09 

Year +Season+WWaircraft 38.24 790 4 5.99 0.04 

CV of blow mean 

Year +Season 128.25 792 3 0 0.55 

Year*Season 128.22 792 4 1.82 0.22 

Year+Season+WWaircraft 128.25 792 4 2.00 0.20 

Year*Season*WWaircraft 127.67 792 8 6.41 0.02 

Number of blows 

Year*Season* WWaircraft 40564.3 368 8 0 0.97 

Year*Season 42318.7 368 4 7.58 0.02 

Year +Season+WWaircraft 42596.6 368 4 9.99 s0.00 

Year +Season 42948.1 368 3 11.01 s0.00 
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Data Set 2 

The full model was required without exception (Table 4.42). 

Table 4.42: AIC analysis of blow interval characteristics of encounters with the RV 
and with whale-watching planes (WWaircraft) using Data Set 2. 

Response variable Factors RSS n K <. *; -, 
Mean blow interval 

Year*Season*ID*WWaircraft (2-way) 5.10 440 11 0 1.00 

Year*Season*ID (2-way, no Year*Season) 5.53 440 7 27.62 :,;0.00 

Year+Season+ID 7.38 440 4 148.59 :,;0.00 
; 

Year+Season+ID+WWaircraft 7.38 440 5 150.59 :,;0.00 

CV of blow mean 

Year*Season*ID*WWaircraft (2-way) 34.84 440 11 0 1.00 

Year*Season*ID (2-way, no Year*Season) 38.35 440 7 34.23 :,;0.00 

Year +Season+ ID+ WW aircraft 45.76 440 5 107.96 :,;0.00 

Year+Season+ID 46.12 440 4 109.41 :,; 0.00 

Blow median 

Year*Season*ID*WWaircraft (2-way) 4.97 439 11 0 1.00 

Year*Season*ID (2-way) 5.41 439 7 29.24 :,;0.00 

Year+Season+ID 7.34 439 4 157.17 :,;0.00 

Year+Season+ID+ WWaircraft 7.34 439 5 159.17 :,;0.00 

Mean number of blows 

Year*Season*ID*WWaircraft (2-way) 5410.3 223 11 0 1 

Year*Season*ID (2-way) 6086.9 223 7 18.28 :,;0.00 

Year+Season+ID+WWaircraft 10080.0 223 5 126.76 :,;0.00 

Year+Season+ID 10287.1 223 4 129.30 :,;0.00 
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Data Set4 

To model data collected from shore, AIC analysis recommended inclusion of plane 

presence for median and CV, but not for the mean (Table 4.43). 

Table 4.43: AIC analysis of blow interval characteristics encounters with the RV and 
with whale-watching planes (WWaircraft) using Data Set 4. 

Response variable Factors RSS n K <. *; -, 

Mean blow interval 

Season 9.65 273 2 0 0.41 

Season *WWaircraft 9.52 273 4 0.30 0.36 

Season+WWaircraft 9.62 273 3 1.15 0.23 

CV of blow mean 

Season *WWaircraft 49.35 272 4 0 0.86 

Season 50.93 272 2 4.57 0.09 

Season+ WWaircraft 50.72 272 3 5.45 0.06 

Blow median 

Season *WWaircraft 9.47 273 4 0 0.48 

Season 9.64 273 2 0.86 0.31 

Season+ WWaircraft 9.60 273 3 1.72 0.20 

GLM Analysis: Which factors explain most of the variance? 

Data Set 1 

While year and season dominated in the analyses of mean, CV and median, plane 

presence did influence the number of blows per surfacing (Table 4.44). Whales with 

only the RV close by blew 30.18 (± 0.61; n = 326) times, while those with whale

watching planes blew 33.45 (± 1.74; n = 42) times. 
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Data Set 2 

As before, individual differences were the most prominent factors in the analyses of 

blow interval characteristics and plane presence did not have a discernible impact 

(Table 4.45). 

Table 4.44: Summary of results of GLM analyses on blow interval characteristics 
using Data Set 1 

Response variable Factors df F-ratio p.-value PV f 

Ln(mean) 

Year 3 7.27 :$ 0.001 9.36 0.31 

Season 3 4.83 0.003 1.81 0.12 

Year*Seasons 1 6.73 0.009 0.85 0.09 

Ln(CV) 

Year 3 12.75 :$ 0.001 4.65 0.21 

Season 3 4.93 0.002 1.85 0.12 

Ln(median) 

Year 3 8.16 :!: 0.001 3.03 0.17 

Season 3 4.66 0.003 1.76 0.12 

Year*Seasons 1 5.96 0.02 0.76 0.08 

# of blows 

Year 2 0.51 0.60 0.29 0.05 

Season 3 2.00 0.11 1.66 0.09 

Year*Seasons 1 1.25 0.27 0.35 0.03 

WWaircraft 1 7.06 0.008 1.96 0.13 

Year * WWaircraft 2 1.29 0.28 0.72 0.04 

Season* WWaircraft 3 2.18 0.09 1.81 0.10 

Year*Season * WWaircraft 1 9.45 0.002 2.60 0.15 
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Table 4.45: Summary of results of GLM analyses on blow interval characteristics 
using Data Set 2. 

Res onse variable Factors df F-ratio .-value PV f 

Ln(mean) 
Year 3 0.87 0.46 1.11 0.03 

Season 3 0.88 0.45 1.13 0.03 

Year*Seasons 1 1.51 0.22 0.65 0.03 

ID 97 1.92 :s 0.001 44.53 0.45 

Year*ID 50 1.00 0.48 17.75 0.01 

Season*ID 15 1.15 0.32 6.90 0.07 

WWaircraft 1 0.43 0.52 0.19 0.04 

Year*WWaircraft 3 1.23 0.30 1.56 0.04 

Season*WWaircraft 3 1.64 0.18 2.08 0.07 

ID*WWaircraft 31 0.44 1.00 5.55 0.20 

Ln(CV) 
Year 3 0.35 0.79 0.45 0.07 

Season 3 0.17 0.92 0.22 0.08 

Year*Seasons 1 0.67 0.41 0.29 0.03 

ID 97 0.92 0.67 27.86 0.13 

Year*ID 50 0.63 0.97 11.94 0.21 

l 
Season*ID 15 0.47 0.95 2.95 0.14 

WWaircraft 1 <0.000 0.99 <0.01 0.05 

Year*WWaircraft 3 0.03 0.99 0.04 0.08 

Season*WWaircraft 3 0.16 0.92 0.21 0.08 

ID*WWaircraft 31 0.58 0.96 7.24 0.17 

Ln(median) 
Year 3 1.13 0.34 1.45 0.03 

~ Season 3 1.27 0.29 1.62 0.04 

Year*Seasons 1 2.27 0.13 0.97 0.05 

ID 97 1.99 :s 0.001 45.49 0.47 

Year*ID 50 1.08 0.35 18.95 0.10 

Season*ID 15 1.40 0.15 8.33 0.12 

WWaircraft 1 1.00 0.32 0.43 <0.01 

Year*WWaircraft 3 1.50 0.22 1.91 0.06 

Season*WWaircraft 3 1.78 0.15 2.26 0.07 

ID*WWaircraft 31 0.46 1.00 5.79 0.20 

# of blows 
Year 2 0.88 0.42 1.98 0.03 

Season 3 0.57 0.64 1.92 0.08 

Year*Seasons 1 0.02 0.89 0.03 0.07 

ID 71 2.14 :s 0.001 63.59 0.60 
1 

Year*ID 27 1.23 0.24 27.63 0.17 

Season*ID 9 1.05 0.41 9.78 0.04 

WWaircraft 1 2.14 0.15 2.41 0.07 

Year* WWaircraft 2 0.92 0.40 2.06 0.03 

Season*WWaircraft 3 0.89 0.45 2.97 0.04 

ID*WWaircraft 16 0.58 0.89 9.64 0.17 
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Data Set 3: Comparison between residents and transients 

Only the number of blows per surfacing of residents and transients was impacted by 

whale-watching planes (Table 4.46). Residents increased the mean number of blows 

from 31.56 (± 0.69; n = 172) to 36.5 (±:::1.62; n = 31 ). In contrast, transients reduced 

the mean number of blows in presence of whale-watching planes from 37.25 (± 2.36; 

n = 18) to 23.00 (n = 2). Again, transients display in general larger effect sizes than 

residents (Table 4.46). 

Table 4.46: Summary of results of GLM analyses on blow interval characteristics 
using Data Set 3, comparing residents and transients. 

Data Set Response variable df F-ratio p.-value PV f 

Residents 

Ln(mean) 1 0.08 0.77 0.02 0.05 

Ln(CV) 1 0.48 0.49 0.12 0.04 

Ln(median) 1 0.06 0.81 0.01 0.05 

# of blows 1 8.71 0.004 4.15 0.20 

Transients 

Ln(mean) 1 0.08 0.78 0.22 0.16 

Ln(CV) 1 1.08 0.31 2.91 0.05 

Ln(median) 1 0.04 0.85 0.10 0.16 

# of blows 1 3.05 0.10 14.48 0.33 
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Data Set 4 

Presence of whale-watching planes had only a very small effect on the variables 

measured from shore (Table 4.47). 

Table 4.47: Summary of results of GLM analyses on blow interval characteristics 
using Data Set 4. 

Response variable Factors df F-ratio p.-value PV f 

Ln(mean) 

Season 3 2.55 0.06 2.77 0.13 

Ln(CV) 

Season 3 0.89 0.45 0.44 0.08 

WWaircraft 1 0.004 0.95 0.92 0.07 

Season*WWaircraft 3 2.44 0.07 1.41 0.05 

Ln(median) 

Season 3 0.39 0.76 1.00 0.04 

WWaircraft 1 2.46 0.12 0.001 0.06 

Season* WW aircraft 3 1.26 0.29 2.70 0.13 

Surface time 

Model selection: what model best fits the data? 

Data set 1 required only year and season to describe surface time appropriately, 

whereas Data Set 2 needed the full model with interactions (Table 4.48). 



, 

C.F. Richter Chapter 4 

Table 4.48: AIC analysis of surface time. 

Data Set Factors RSS n K <. *i -, 
Data Set 1 

Year +Season 6484.53 427 3 0 0.46 

Year+Season +WWaircraft 6466.65 427 4 0.82 0.31 

Year*Season 6479.83 427 4 1.69 0.20 

Year*Season * WWaircraft 6409.43 427 8 9.03 0.04 

Data Set 2 

Year*Season *ID* WWaircraft (2-way) 8.02 236 11 0 1.00 

Year*Season *ID (2-way) 8.89 236 7 16.31 s 0.001 

Year+Season +ID 12.93 236 4 98.72 s 0.001 

Year+Season +ID+ WWaircraft 12.85 236 5 99.25 s 0.001 

Year +Season 26.64 236 4 267.31 s 0.001 

Year*Season 26.63 236 3 269.22 s 0.001 

GLM Analysis: Which factors explain most of the variance? 

Data Set 1 

None of the factors included was significant (Table 4.49). 

Data Set 2 

The only strong influence on surface time is due to individual differences. Surface 

time was not influenced by the presence of whale-watching planes (Table 4.49). 
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Table 4.49: Summary of results of GLM analyses on surface time using Data Sets 1 
and 2. 

Data Set Factors df F-ratio p.-value PV f 

Data Set 1 

Year 2 0.63 0.54 0.30 0.04 

Season 3 0.86 0.46 0.33 0.06 

Data Set 2 

Year 2 2.85 0.06 5.72 0.13 

Season 3 0.44 0.73 1.39 0.09 

Year*Seasons 1 0.03 0.86 0.03 0.06 

ID 74 1.72 0.006 57.56 0.48 

Year*ID 28 1.21 0.25 26.49 0.16 

Season*ID 11 0.88 0.57 9.30 0.08 

WWboats 1 0.19 0.67 0.20 0.06 

Year *WWboats 2 0.22 0.80 0.47 0.08 

Season *WWboats 3 0.37 0.77 1.18 0.09 

ID*WWboats 16 0.49 0.95 7.70 0.19 

Data Set 3: Comparison between residents and transients 

Residents did not change their surface time in the presence of airplanes (RV: 8.8 ± 

1.02; n = 182; RV+WWaircraft: 9.6 ± 1.05; n = 31; Table 4.50). There was some 

indication that transients once again reacted differently to whale-watching aircraft, by 

reducing their surface in the presence of planes (RV: 9.70 ±::0.74; n = 21; RV + 

WWaircraft: 6.98 ±::0.77; n = 2). However, small sample size prevented statistical 

analysis. 

Table 4.50: Summary of results of GLM analyses on surface time using Data Set 3, 
comparing residents and transients. 

Data Set Response variable df F-ratio p.-value PV f 

Residents 

WWaircraft 1 2.63 0.11 1.23 0.09 
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Directional Heading 

Data Set 1 

When the research vessel was joined by a whale-watching plane, the whales 

responded by turning over a wider arc (RV: 24.21 ± 2.24; n = 686; RV + WWboats: 

30.71 ± 7.25; n = 77). There was no convincing evidence, however, that whales 

turned more often in the presence of planes (Tables 4.51 and 4.52). 

Data Set 2 

This data set showed the same tendency as the previous set, with whales turning over 

a wider arc in the presence of whale-watching boats (RV: 24.15 ± 2.68; n = 377; RV 

+ WWboats: 30.99 ± 8.87; n = 58) (Table 4.52). 

Data Set 3 

Neither residents nor transients significantly changed the frequency of heading 

changes in response to whale-watching planes (Tables 4.51). However, as in datasets 

1 & 2 residents in dataset 3 turned over significantly wider arcs in the presence of 

planes. For transients the difference was larger, not significant due to low sample size 

(Table 4.52). 
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Table 4.51: Summary of analyses of frequency of heading change in response to the 
presence of whale-watching planes. Tests were 2*2 G-tests and Fisher's Exact test for 
analysis of the transients. Numbers in brackets give column percentages for each data 
set. 

Data set Encounter RV RV+WW planes p.-value 

Data Set 1 

< 10° 491 (72) 47 (61) 0.06 

> 10° 195 (28) 30 (39) 

Data Set 3: Residents 

< 10° 347 (71) 33 (63) 0.25 

> 10° 140 (29) 19 (37) 

Data Set 3: Transients 

< 10° 39 (78) 4 (50) 0.10 

> 10° 11 (22) 4 (50) 

Table 4.52: Summary of amount of heading change in response to the presence of 
whale-watching planes. Tests were Mann-Whitney U tests without ties. Numbers in 
brackets are S.E.s. 

Data set RV RV+WWaircraft p.-value 

Data Set 1 (n = 763) 24.2 (2.24) 30.7 (7.25) 0.04 

Data Set 2 (n = 435) 24.2 (2.68) 31.0 (8.87) 0.01 

Data Set 3: Residents (n= 392) 24.7 (2.90) 30.8 (10.2) 0.01 

Data Set 3: Transients (n= 41) 17.3(5.91) 32.5 (10.13) 0.19 

116 



C.F. Richter Chapter4 

Aerial behaviour 

Aerial behaviour was more frequent (though not significantly so) when only the RV 

was with whales. This was not significant for any of the data sets (Table 4.53). 

Table 4.53: Summary of analyses of frequency of aerial behaviour in response to the 
presence of whale-watching planes. Tests were 2*2 G-tests and Fisher's Exact test for 
resident analysis. Numbers in brackets give column percentages for each data set. 

Data set Encounter RV RV+WWboats p.-value 

Data Set 1 

No aerial behaviour 954 (88) 101 (94) 0.09 

Aerial behaviour 124(12) 7 (6) 

Data Set 3: Residents 

No aerial behaviour 560 (91) 58 (94) 0.3 

Aerial behaviour 54 (9) 4 (6) 

Data Set 3: Transients 

No aerial behaviour 50 (96) 8 (100) 

Aerial behaviour 2 (4) 0 

Time to First Click 

Model selection: which model best fits the data? 

Both data sets were best described by full models with interactions (Table 4.54). 

117 



" 

C.F. Richter Chapter 4 

Table 4.54: AIC analysis of time to first click. 

Data Set Factors RSS n K :S; *; 

Data Set 1 

Year*Season *WWaircraft 166.41 415 8 0 0.99 

Year*Season 173.83 415 4 10.10 0.006 

Year +Season 182.22 415 3 27.67 :5 0.001 

Year+Season +WWaircraft 182.18 415 4 29.57 :5 0.001 

Data Set 2 

Year*Season *ID* WWaircraft (2-way) 62.98 392 11 0 1.00 

Year*Season *ID (2-way) 69.08 392 7 28.24 :5 0.001 

Year+Season +ID 89.54 392 4 123.93 :5 0.001 

Year+Season +ID+ WWaircraft 89.37 392 5 125.19 :5 0.001 

Year*Season 140.03 392 4 299.22 :5 0.001 

Year +Season 141.78 392 3 302.09 :5 0.001 

GLM Analysis: Which factors explain most of the variance? 

Data Set I 

Year, season and their interactions, were significant factors (Table 4.55). Inclusion of 

planes into the model provided only marginal improvement in fit. 

Data Set 2 

Individual differences between whales were the most important factor and the only 

significant one (Table 4.55). The fact that whales increased mean time to first click 

from 27.57 (± 1.34; n = 232) seconds to 34.83 (± 4.28; n = 46) seconds when whale

watching planes were around was not significant, as this difference was swamped by 

variation among individual whales. 
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Table 4.55: Summary of results of GLM analyses on time to first click using Data 
Sets 1 and 2. 

Data Set Factors df F-ratio p.-value PV f 

Data Set 1 

Season 3 7.51 s 0.001 5.33 0.22 

Year 3 9.68 s 0.001 6.77 0.25 

Year*Seasons 1 25.18 s 0.001 5.92 0.24 

WWaircraft 1 0.28 0.60 0.07 0.04 

Season*WWaircraft 3 2.25 0.08 1.66 0.10 

Year*WWaircraft 3 3.32 0.02 2.43 0.13 

Data Set 2 

Year 3 0.13 0.94 0.29 0.10 

Season 3 0.43 0.73 0.95 0.08 

Year*Seasons 1 0.05 0.83 0.03 0.06 

ID 68 1.63 0.008 45.09 0.39 

Year*ID 37 1.11 0.32 23.37 0.12 

Season*ID 7 1.11 0.36 5.42 0.05 

WWaircraft 1 0.54 0.46 0.38 0.04 

Year*WWaircraft 3 0.28 0.84 0.62 0.09 

Season*WWaircraft 1 0.16 0.69 0.12 0.06 

ID*WWaircraft 18 0.69 0.82 8.43 0.14 

Data Set 3: Comparison between residents and transients 

Neither resident nor transient whales showed a significant difference in time to first 

click depending on the presence of whale-watching planes (Table 4.56). Both 

residents and transients delayed their time to first click in the presence of whale

watching planes, but the difference is non-significant. Residents clicked after 26.92 (± 

1.39; n = 220) seconds while with the RV only. With whale-watching planes in 

addition, they clicked after 31.83 (± 4.42' n = 41) seconds. Transients increased their 

mean time to first click from 39.5 (± 3.80; n = 12) seconds to 59.4 (± 11.18; n = 5) 

seconds, however sample sizes were too small to analyse statistically. 
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Table 4.56: Summary of results of GLM analyses on time to first click using Data Set 
3, comparing residents and transients. 

Data Set Response variable df F-ratio p.-value PY f 

Residents 

WWaircraft 1 0.49 0.48 0.18 0.04 

Comparison of effect sizes between residents and transients 

We did not detect any significant effects of whale-watching activities on transient 

sperm whales. The most likely reason for this is the small number of observations 

with transients, and thus lack of power. Thus, it is important not to equate biological 

significance with statistical significance. This becomes clear when comparing effect 

sizes between residents and transients. Except for the number of blows, all 

comparisons show clearly that transients responded more strongly to whale-watching 

activities than did residents. For ventilation patterns, most of the effect sizes of 

residents were below 0.1, while effect sizes of transients often displayed at least 

"small" effects (Figure 4.9). Effect sizes were generally larger for surface behaviour, 

but transients again showed larger effects compared to residents (Figure 4.10). 
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4.3. 7 Spatial distribution 

Figures 4.11 to 4.18 display annual sightings of sperm whales per grid, standardized 

by the search effort in each grid. There is no clear trend; whales did not seem to alter 

their spatial distribution over the eight years for which data are available. Figures 4.19 

to 4.22 show the seasonal distribution of sightings per grid, again standardized by 

effort. A clear preference for the deepest parts of the canyon is obvious in autumn and 

winter (Figures 4.20 and 4.21). In contrast, sperm whales spread out more in summer 

and spring. They use the Conway Trough area particularly in the latter season 

(Figures 4.19 and 4.22). This confirms the finding from earlier reports, that sperm 

whales alter their spatial distribution depending on seasons, which is likely caused by 

changed prey distribution (Jaquet et al., 2000). 

Most sightings with WWP boats were close to shore and over the north-western part 

of the canyon. Whale watch operators have an incentive to reduce travel time, and so 

tend to target the closest whales available. This area corresponds to the most inshore 

section covered by the RV (Figures 4.23 and 4.24). Sightings with RV and aircraft 

followed a similar pattern, although sightings further offshore were slightly more 

common (Figure 4.25), presumably due to the faster speed of the aircraft. Only few 

encounters with whale-watching boats and planes were recorded, all of which 

however, were in the canyon area (Figure 4.26). The general pattern of inshore 

distribution of sightings with WWPs is even clearer when sightings were only divided 

into encounters with and without WWPs (Figures 4.27 and 4.28). WWPs concentrated 

their activity on the most northerly and inshore part of the canyon. When comparing 

this distribution with that of resident and transient animals (Figures 4.29 and 4.30, 

respectively), it is obvious that WWPs only rarely observe transient animals. There is 

virtually no overlap between the area where most transients were seen and that of 

highest WWP activity. 
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Figure 4.11: Sighting rates of sperm whales (sighting/min) off Kaikoura in 1994. 
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Figure 4.12: Sighting rates of sperm whales (sighting/min) off Kaikoura in 1995. 
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Figure 4.13: Sighting rates of sperm whales (sighting/min) off Kaikoura in 1996. 
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Figure 4.14: Sighting rates of sperm whales (sighting/min) off Kaikoura in 1997. 
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Figure 4.15: Sighting rates of sperm whales (sighting/min) off Kaikoura in 1998. 
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Figure 4.16: Sighting rates of sperm whales (sighting/min) off Kaikoura in 1999. 
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Sightings/min in 2000 
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Figure 4.17: Sighting rates of sperm whales (sighting/min) off Kaikoura in 2000. 
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Figure 4.18: Sighting rates of sperm whales (sighting/min) off Kaikoura in 2001. 
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Figure 4.19: Sighting rates of sperm whales (sighting/min) off Kaikoura in summer, 
1994-2001. 
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Figure 4.20: Sighting rates of sperm whales (sighting/min) off Kaikoura in autumn, 
1994-2001. 
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Figure 4.21: Sighting rates of sperm whales (sighting/min) off Kaikoura in winter, 
1994-2001. 
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Figure 4.22: Sighting rates of sperm whales (sighting/min) off Kaikoura in spring, 
1994-2001. 
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Figure 4.23: Sightings of sperm whales off Kaikoura with only the research vessel 
(RV) present, 1998-2001. 
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Figure 4.24: Sightings of sperm whales off Kaikoura with the research vessel 
(RV)and whale-watching boats present, 1998-2001. 
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Figure 4.25: Sightings of sperm whales off Kaikoura with the research vessel (RV), 
and whale-watching aircraft present, 1998-2001. 
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Figure 4.26: Sightings of sperm whales off Kaikoura from the research vessel (RV), 
with whale-watching boats and aircraft present, 1998-2001. 

131 



C.F. Richter Chapter 4 

10 0 10 20 Kilometers 

132 

Sighting rate (sighting/min.) with platforms, 1998-2001 
0.003 - 0.008 
0.008 - 0.014 
0.014 - 0.02 
0.02 - 0.028 
0. 028 - 0. 038 
0.038 - 0.056 
0.056 - 0.091 
0.091-0.167 

@ 0.167-0.3 
0.3 - 0.5 

N 

A 

Figure 4.27: Sightings of sperm whales off Kaikoura from the research vessel (RV), 
with whale-watching platforms present, 1998-2001. 
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Figure 4.28: Sightings of sperm whales off Kaikoura from the research vessel (RV), 
without whale-watching platforms, 1998-2001 
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Figure 4.29: Sightings of resident sperm whales off Kaikoura, 1990-2001. 
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Figure 4.30: Sightings of transient sperm whales off Kaikoura, 1990-2001. 
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4.3.8 What proportion of time are resident whales accompanied by whale

watching boats? 

Because of the frequent reaction of transients to boats, the availability of residents is a 

potentially limiting factor for whale-watching at Kaikoura. 

In this study, I usually found whales using our directional hydrophones, which have a 

range of 3-5 n.mi. After finding a whale, I would track it acoustically until it surfaced, 

gather the data I needed, and then use the directional hydrophone to find another 

whale. Consequently I typically ranged over a greater area than the whale-watch 

boats, for which the most efficient practice is to focus on the whales closest to South 

Bay. The average number of different whales I photographed per day, is, then, a 

reasonable estimate of the number of whales available to the whale watch fleet. Data 

on the average length of dive cycles are available from an eight year study by Jaquet 

et al. (2000). Whale Watch TM Kaikoura Ltd operates, in Summer, for about IO hours a 

day (7:30 start of first tour, approximately 17:30 return of last trip). Dividing this 

period by the length of dive cycles (assuming length of dives do not change diurnally; 

there are no data on nocturnal diving behaviour), and multiplying that by the number 

of resident individuals, gives the number of surfacings that are potentially available to 

whale watch vessels (Table 4.57). 

This number will be an overestimate, because whales may surface at the same or 

similar times and some surfacings may not be noticed in poor light conditions. 

Further, Skippers do not have perfect knowledge of where whales are. Hence this 

estimate should be seen as an absolute maximum number of available surfacings. In 

contrast, estimates for the winter season likely reflect a minimum number of whales 

and trips. 

We next used data provided by Whale WatchTM Kaikoura Ltd to estimate the number 

of trips per day and the number of sightings per trip. This allowed calculation of the 

average number of sightings per day. From observations made from the RV, I can 

estimate the number of those encounters that would occur with one, two or three 
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whale watch vessels in attendance, and therefore the number of encounters with at 

]east one WWP present (Table 4.57). 

Table 4.57: Calculation of proportion of daylight surfacings that are accompanied by 
WWPs. 

135 

Summer Autumn Winter Spring 

Avg. # of residents available to whale watch 5.2 3.4 3.8 4.2 

vessels1 

Avg. length of dive cycle (min.)2 53.2 50.4 47.5 50.4 

# of cycles per whale between 0730-1730 11.3 11.9 12.6 11.9 

# of surfacings 58.8 40.0 47.3 50.0 

Avg.# of trips/day3 9.1 4.9 2.0 6.4 

Avg.# of sightings/trips 3.2 3.9 3.9 2.7 

Avg.# of sightings/days 29.2 19.0 7.9 17.4 

Avg.# of sightings with 1 WWP/day1 20.7 11.1 7.0 11.4 

Avg.# of sightings with 2 WWP/day1 7.5 7.5 1.0 5.6 

Avg.# of sightings with 3 WWP/day1 1.0 0.3 0 0.4 

# of separate sightings with :s1 WWP/day 24.7 15.0 7.5 14.3 

Min daily% of surfacings with :s1 WWP 42.1 36.7 15.8 28.6 

Data Sources: 1This study; 2Jaquet et al. (2000;values for autumn and spring are interpolated 
between summer and winter values, since no autumn and winter data were available from the 
paper); swhale Watch™ Kaikoura Ltd 

In summer and autumn, resident whales will be accompanied by at least one WWP for 

around 40% of their surfacings between 0730-1730 hours. When fewer trips are made 

(due to reduction in demand), this proportion drops to less than 20% in winter and 

less than 30% in spring. 

The above estimates probably underestimate the proportion of surfacings for which 

whales are accompanied by boats. It was assumed that whale-watching is being 

carried out over 10 hours, regardless of season. Shorter days, particularly in winter 

wi11 increase the proportion presented in Table 4.57. Additionally, as mentioned 

above, not all surfacings wi11 be accessible to whale-watching boats. Furthermore, 
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effort data were only available from Whale Watch TM Kaikoura Ltd, which again leads 

to an underestimation of accompanied encounters. It is therefore likely, that, at least 

in summer, more than half of the surfacings of a resident are observed by whale

watching platforms. These estimates apply only from 0730-1730, and in good 

weather. Outside these times, and in poor weather, the whales are not accompanied by 

whale watch vessels. 

4.4 Discussion 

In order to maximise data quantity, and allow different questions to be asked, I 

analysed three Data Sets: (1) All data gathered from the RV, whether or not an ID was 

gained from the whale in question (2) Data gained from the RV from encounters in 

which whale ID was known, (3) as Data Set 2, used for comparisons between resident 

and transient animals, ( 4) and Data collected from shore. Each Data Set has 

unavoidable strengths and weaknesses. Data Set 1 maximises sample size for 

questions of vessel impact, but does not allow for differences among individual 

whales, as Data Sets 2 and 3 do. Data Set 4, collected from shore, eliminates possible 

effects of the research vessel, but like Data Set 1 cannot factor out differences among 

individual whales. For convenience, results that reflected a significant effect of vessel 

presence are summarised in Table 4.58. 

The most dominant influences in Data Set 1 were yearly and seasonal factors and, 

frequently, their interaction. In most cases, effect sizes were "small" to "medium" 

(sensu Kirk, 1996). In comparison, effect size of platform presence was typically very 

"small" (f < 0.1), except for the RV/WWaircraft analysis of number of blows, which 

resulted in a "small" effect (f = 0.13). 
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Table 4.58: Overview of analyses that resulted in significant platform effects. 

Response Variable Presence of ... Data Set Effect 

Mean blow interval None or RV 1+4 decrease 

None or WWBoats 4 decrease 

CV of mean blow interval None or WWBoats 1 decrease 

Median of blow interval None orWWP 4 decrease 

None or RV 1+4 decrease 

# of blows/surfacing RV or RV + WWaircraft 1 increase 

RV or RV + WWaircraft 3: Residents increase 

Surface time RV or RV+ WWP 1 increase 

RV or RV+ WWBoats 2 decrease 

Time to first click RV or RV+ WWP 1 decrease 

RV or RV + WWBoats 1 decrease 

RV or RV + WWBoats 3: Residents decrease 

Frequency of heading change RV or RV+ WWP 1 increase 

RV or RV+ WWP 3: Residents increase 

RV or RV + WWBoats 1 increase 

RV or RV + WWBoats 3: Residents increase 

Amount of heading change RV or RV+ WWP 1 increase 

RV or RV + WWaircraft 1 increase 

RV or RV + WWaircraft 2 increase 

RV or RV + WWaircraft 3: Residents increase 

Frequency of aerial behaviour RV or RV+ WWP 1 decrease 

RV or RV+ WWP 3: Residents decrease 

RV or RV + WWBoats 1 decrease 
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This is the first study to show the importance of differences among years in sperm 

whale behaviour off Kaikoura. Yearly variations in surface behaviour and feeding 

success have been described for sperm whales around the Galapagos Islands 

(Whitehead et al., 1989; Waters and Whitehead, 1990; Smith and Whitehead, 1992; 

Whitehead, 1996b ). These differences could be best explained by annually changing 

oceanographic conditions, such as the Southern Ocean Oscillation (Whitehead et al., 

1989; Waters and Whitehead, 1990), which in turn alter prey distributions. There are 

no data available to assess annual fluctuations of oceanographic conditions and prey 

distributiuon in the Kaikoura Canyon (Gibbs et al., 2000), so I cannot say whether the 

same explanation holds at Kaikoura. Similarly, nothing quantitative is known about 

annual changes in abundance and distribution of squid (Moroteuthis sp.), the main 

prey of sperm whales in the Kaikoura area (Gaskin and Cawthorn, 1967). Because 

squid generally have lifespans ranging from 12-18 months, there is little overlap of 

generations. As a consequence of this, their populations typically vary a great deal 

from year to year (O'Dor and Webber, 1986; Jaquet et al., 2000). Hence the behaviour 

of their predators is also expected to vary year to year. 

It is worth noting that year is very rarely the only significant main factor. More 

frequently year is significant together with interactions with season, ID or vessel. This 

can arise because certain individuals are seen only in certain years, which renders 

year and ID significant along with their interaction. This is especially probable 

considering the importance of ID and season in the analysis of Data Set 2, and their 

associated medium to "large" effect sizes. 

The analysis of Data Set 2 (daily averages with ID) confirms the importance of 

seasonal differences and the small influence vessels have on the ventilation patterns 

of sperm whales. 

Seasonal changes in distribution and dive patterns have been described previously and 

interpreted as signs of changes in diet (Childerhouse et al., 1995; Jaquet et al., 2000). 

Mean surface times during summer and winter from this study (9.23 min. and 8.3 

min., respectively) are comparable to those reported by Jaquet et al. (2000) (9.3 min. 

and 8.8 min, respectively). Similarly, summer and winter distributions followed the 
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pattern described by Jaquet et al. (2000), with whales being concentrated inside the 

canyon in the summer and spreading more into the Conway Trench in winter. 

One of the clearest results of our analyses is that differences among individual whales 

have a crucial role, often swamping the effect of other factors. ID is a significant 

factor in almost all analyses, often having a medium to "large" effect (0.25 < f > 0.4). 

Sperm whales off Kaikoura generally display rather predictable ventilation and diving 

behaviour. The majority of whales spend between 7-14 minutes at the surface and 

approximately three quarters of all dives last between 30 and 49 minutes (Jaquet et 

al., 2000). Nevertheless, this study indicates that individual whales display ventilation 

and vocalization patterns which are consistent but vary between individuals. Gordon 

et al. (1992) and MacGibbon (1991) described similar results. 

These differences between individuals can be explained only partially by differences 

between transient and resident animals. Gordon et al. ( 1992) speculated that these 

differences could reflect different feeding strategies and that whales therefore may 

attempt to maintain exclusive territories. Neither Gordon and colleagues (1992) nor I 

was able to observe territorial behaviour. To my knowledge, territoriality has not been 

described for any cetacean. Nevertheless, differences in feeding strategies may 

explain at least some of the observed variability in behaviour. For example, such 

variability in feeding techniques has been described for orcas (Baird, 2000), 

humpbacks (Clapham, 2000) and bottlenose dolphins (Connor et al., 2000). In sperm 

whales, Whitehead (1999) noted group-specific changes in travel behaviour. It is 

reasonable to assume that the sperm whales off Kaikoura originate at least to some 

extend from different maternal units. Therefore, the individual differences described 

here may reflect some of the differences in culturally transmitted, unit-specific 

behaviour. Alternatively, these differences could reflect diverse size or age 

characteristics. This is not likely, however, since Jaquet et al. (2000) did not find a 

correlation between photogrammetrically estimated length of individual whales and 

their dive durations. 

In general, the presence of boats and/or aircraft has little effect on the ventilation 

patterns of resident sperm whales (Table 4.58). Interestingly, while decreases in 
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measures relating to blow interval (mean, CV and median) were chiefly linked to 

boats (whale-watch boats and the research boat), number of blows per surfacing was 

found to increase due to aircraft presence (Table 4.58). However, effect sizes are 

typically around 0.1, indicating that these changes, while statistically significant, are 

"small", and hence probably of little biological consequence. Likewise, duration of 

surface time was significantly increased by vessel presence in Data Set 1, but again 

the effect size was "small". A vessel effect on surface time was evident in analysis of 

Data Set 2, in which presence of whale-watching boats decreased surface time. This 

corresponds to MacGibbon (1991), who detected shortened blow intervals and surface 

periods in the presence of whale-watching vessels. Gordon et al. (1992) also observed 

reduction in blow intervals and surface time when not considering ID in the analysis. 

In contrast to the results from the analysis of ventilation patterns, directional 

headings, aerial behaviours as well as time to first click showed statistically 

significant, but small, impacts of vessel presence. Whales turned more often and 

more sharply in the presence of whale-watching platforms (Table 4.58). It is 

interesting to note that influences on the frequency of heading changes seem to be due 

to boats, while aircraft apparently cause whales to turn more sharply (Table 4.58). 

GeneraHy, whale-watching boat behaviour around whales was predictable and 

relatively constant. Boats, once within range, approached relatively slowly, 

positioning themselves to the back and side of the whale. However, because most of 

the time boat skippers find whales visuaJly, rather than acoustically, they typica]]y 

approach from further away which necessitates a longer period at high speed. Also, to 

maximise the quality of ID photographs, the RV is typically positioned directly 

behind the whale, rather than behind and to the side (the favoured position of whale

watching boats). It seems likely that directly behind is less disturbing. In contrast, 

Gordon et al. ( 1992) did not detect effects of vessel presence on changes in heading, 

but this could have been due to their much smaller data set. 

Surprisingly, I recorded aerial behaviours more often with only the RV present. No 

comparable data are available from earlier studies at Kaikoura; aerial behaviours were 

either too rarely observed for statistical analysis (MacGibbon, 1991) or not recorded 

(Gordon et al., 1992). Breaching and Iobtailing are behaviours, which are relatively 
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often performed by sperm whales (Waters and Whitehead, 1990), but usually by 

females and immature animals, rather than by maturing or mature males (Waters and 

Whitehead, 1990). Waters and Whitehead (1990) found that most breaching and 

lobtailing is done in social contexts, and also that the rate of aerial behaviours may 

depend on foraging success. Therefore, there are no indications that these behaviours 

in sperm whales are a response to outside stimuli. However, the inclusion in our 

analysis of "head-outs", which were not considered in the study by Waters and 

Whitehead (1990), may account for the apparent increase in aerial behaviours in 

response to our vessel. Following cues from the directional hydrophone, I always 

attempted to position the RV as close as possible to where I expected the whale to 

surface. This was done to avoid the need for high-speed approaches from a distance. 

On several occasions, whales surfacing close to the RV performed head-outs before 

the first blow. Therefore, the fact that the RV was on average closer to surfacing 

sperm whales than whale-watching boats (which use directional hydrophones less 

systematically) may explain the increase of aerial behaviours in the presence of the 

RV. 

Sperm whales also responded to the presence of whale-watching platforms with 

changes in vocal behaviour. In Data Set 1, time to first click decreased in the presence 

of platforms. Once again, in Data Set 2 variability due to individual differences 

swamped this effect. However, more detailed analyses detected changes in time to 

first click due to boat presence, but not aircraft. Since little airborne sound from 

aircraft penetrates into the water column (Richardson et al., 1995), this is not 

surprising. The significant result from Data Set 1 seems to be due to differences 

between residents and transients. While residents decreased time to first click 

significantly, transients increased this time interval by almost half. This may be in 

response to boat noise; transient whales may start clicking only once the noise from 

boats has fallen below normal ambient noise levels. 

How severe are these changes for the sperm whales? How important are they 

biologically? Commonly, biological importance of anthropogenic impacts is 

associated with long-term effects on reproductive parameters and/or distribution 

(IFA Wet al., 1995). Long-term data on sperm whale sightings are available and are 
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included in this thesis when appropriate. However, no corresponding data for whale

watching effort are at hand. Thus it is difficult to assess the biological consequences 

of the observed changes. Gordon et al. (1992) estimated that a reduction of surface 

time by 17% could translate into feeding time being reduced by as much as 36%. This 

study had a much larger sample size of observations, yet did not detect a clear 

reduction in surface time. In addition, all significant changes were associated with 

"small" effect sizes. Thus, it is likely that the observed influences of whale-watching 

platforms on whale behaviour are not very important biologically. In general, resident 

whales are much more tolerant of boats and aircraft than transients are. This could be 

due to habituation whereby residents may have learned that whale-watching platforms 

do not present a significant threat (Richardson et al., 1995). For example, such 

habituation to human activities has been reported for belugas by Blane (1990). 

Alternatively, this difference could reflect diverse feeding strategies (Gordon et al., 

1992), which in turn may cause resident and transient whales to respond differently to 

whale-watching platforms. Influences of such biological factors on responses to 

anthropogenic activities have been described in a variety of situations and for several 

species (Richardson et al., 1995). For instance, bowhead whales react Jess if they are 

in groups engaged in social or feeding activities (Richardson et al., 1985). The same 

has been observed for bottlenose dolphins (Shane, 1990). FinaHy, it is worth 

remembering that transient whales typically are further from shore and consequently 

in deeper water (Childerhouse et al., 1995). Influences of physical attributes of the 

habitat, such as depth, on anthropogenic impacts have been observed in walruses 

(Odobenus rosmarus) (Fay et al., 1984), bowheads (Richardson et al., 1985) and 

belugas (Finley et al., 1990). 

Mark-recapture analyses of ID photographs have shown that, in any one season, 60-

100 sperm whales visit Kaikoura (Childerhouse et al., 1995; Cairney, 1998). The 

latest analyses (Letteval et al., submitted for publication) indicate that, on average, 

there are 13.8 (Jackknife S.E. = 1.3) whales (including residents and transients) in the 

study area on any given day. About a third of the whales observed at Kaikoura are 

transients, which are seen once only (Jaquet et al., 2000), implying that, on any given 

day there are about nine residents in the study area. These residents, however, are not 

always found inshore, within the range of the whale-watching boats. Hence the 
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whale-watching effort is necessarily distributed over a small number of individuals. 

On summer days during good weather, an individual resident will be accompanied by 

whale-watch vessels for about half of the number of times it surfaces between 0730-

1730. In comparison, a workshop on watching sperm whales recommended, as an 

initial rule and considering the lack of detailed information, that individual whales 

should not be accompanied for more than 25% of their daylight surfacings (IFA W, 

1996). 

One of the more obvious consequences of high boat traffic in an area where whales 

aggregate is the possibility of a collision between whales and ships. Such accidents 

have been reported for numerous species and locations (Sears et al., 1990; George et 

al., 1994; We11s and Scott, 1997; Stone and Yoshinaga, 2000; IFA W, 2001; Laist et 

al., 2001) and can have severe impacts on the conservation of some species, such as 

the Florida manatee (Tricheus manatus latirostris) (Ackermann et al., 1995) or the 

northern right whale (Eubalaena glacialis) (Kraus, 1990). In addition to causing 

injury or death to the whale involved, strikes can also cause injuries and deaths to 

passengers on board the vessel. 

It is not clear why some animals fail to avoid ships or boats. In some species, certain 

individuals or groups of individuals seem to be more likely to be struck by ships. For 

example, almost all boat strikes of bottlenose dolphins in Florida involved animals 

'compromised' due to iJlness, presence of a calf or young age (WeJls and Scott, 

1997). Similarly, young northern right whales and Hector's dolphins seem to be more 

vulnerable to such accidents than older individuals (Kraus, 1990; Stone and 

Y oshinaga, 2000). Thus, lack of experience with vessels may play a role in strikes. 

This seems particularly relevant for the transient individuals of Kaikoura, who appear 

to be Jess tolerant of boats and aircraft, possibly due to a lack of experience with such 

platforms. 

It also has been suggested that habituation may lead to increased risk of coJlisions 

(Stone and Y oshinaga, 2000). While habituation is a well-studied phenomenon in land 

animals, it has not been studied in detail in marine mammals as yet (Richardson et al., 

1995), except for evidence that harbour porpoise (Phocoena phocoena) habituate to 
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pingers (Cox et al., 2001). Therefore it is difficult to predict how habituation, if it 

does occur, alters the risk of whale-ship collisions in the whale-watching context. It 

can be expected that habituation increases the risk of collisions if habituated animals, 

for example, fail to dive, increase time spent at the surface or actively approach 

vessels. While comparable changes have been detected by this and other studies (see 

section 4.1), most of them do not seem to be results of habituation and, more 

importantly, these reported changes are small and thus unlikely to increase 

significantly the risk of being struck. 

One other factor definitely does increase the risk of ship-strikes, however. Boat speed 

crucially determines the probability of spotting cetaceans (Asmutis-Silvia, 1999). 

Intensive research on what influences sighting probabilities of cetaceans during 

surveys indicates clearly that the probability of sighting whales decreases with 

increasing speed (Buckland et al., 1993). Thus, the increasing speed capability of 

whale watching vessels has become of concern (Asmutis-Silvia, 1999). Similar to the 

development off New England (Asmutis-Silvia, 1999), whale watch vessels off 

Kaikoura have also become capable of increasing speed. The cruising speed of the 

whale-watching catamarans built prior to 1999 was 25 knots (Whale WatchTM 

Kaikoura Ltd Information Kit), while the newest vessels can apparently reach speeds 

of up to 35 knots when fully loaded (Anonymous, 2000). 

While conditions leading to ship-whale collisions are difficult to determine, the risk of 

such an accident, while apparently small, is undeniable. This risk would be expected 

to increase in proportion to the number of vessels frequenting the area, and the speed 

at which those vessels travel. 
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4.5 CONCLUSIONS AND RECOMMENDATIONS 

4.5.1 Limitations of this study 

Current whale-watching operations do not influence the behaviour of sperm whales in 

a manner that seems biologically unsustainable (i.e. cause changes, which would 

result in reduced life-time reproductive success of the sperm whales visiting 

Kaikoura). There are several limitations to this statement which necessitate cautious 

recommendations: 

• 

• 

• 

No data on the responses of sperm whales to vessels are available from before 

whale-watching started. Thus, while comparisons between whales with and 

without vessels can be made, no true baseline data on undisturbed whales are at 

hand. It could be argued that since transient individuals are very rarely, if at all, 

visited by whale-watching platforms, this group could be used as true control. 

However, due to the different use of the Kaikoura area by these two groups, and 

the fact that whales without whale-watching craft in their vicinity may still be 

influenced by boat noise originating some distance away, it is questionable how 

useful such an approach would be. 

Despite the fact that this study observed over 60% more sperm whale surfacings 

than the two previous studies put together, sample size restricted analyses to 

presence or absence of vessels as a potential influence on whale behaviour. No 

distinctions could be made between the number of boats and/or planes, due to the 

small sample size of encounters with different numbers of vessels and with 

aircraft. The aircraft do not operate as frequently as the whale-watching boats, and 

because of their much greater speed, tend to operate over a wider radius. Hence 

encounters with whale-watching aircraft are less frequent than would be expected. 

We still know very little about some aspects of the Kaikoura sperm whales. There 

is no reliable information on where they come from nor where they go to when 

they leave our study area. Consequently, it is not clear how important Kaikoura is 

to South Pacific sperm whales. Considering the presence of transient animals, it 
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• 

can be assumed that other feeding grounds are available. On the other hand, the 

fact that numerous whales have been resighted off Kaikoura during several 

seasons or even years points to a crucial role of the canyon for at least these 

resident animals. Therefore, further development of the whale-watching industry 

should be cautious, and based on precautionary principles. 

Although this study is the longest investigation into whale-watching impacts off 

Kaikoura yet, it not a long-term study. Sperm whales live to at least 60 years 

(Rice, 1989). Three years of studying whale-watching, then, cannot be considered 

an extensive longitudinal study. While I have distributional data for the last 

decade, no parallel data on whale-watching effort are available. It is thus 

impossible to assess long-term changes quantitatively. 

4.5.2 Management options 

Considering the results from this study and operational limitations, several 

management options are available: 

a) Restrict whale-watching activities to less than their current level, or abandon them 

entirely, on the grounds that current levels of whale-watching cause impact. While 

consistent with the data, this management action is probably unwarranted, since it 

does not reflect the magnitude of the detected changes: effects of the current level 

of whale-watching are small and appear to be sustainable (i.e. do not cause 

changes which result in reduction of life-time reproductive success). 

b) Restrict whale-watching activities to their current level. Whale Watch TM Kaikoura 

Ltd presently operates fewer trips per day than its permits allow. To ensure 

impacts do not increase, the permits could be changed to limit the maximum 

number of trips to that, which is currently achieved. This is the "no expansion" 

option. 
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c) Maintain the current level of permitted whale-watching, but issue no further 

permits. This study found responses to vessel presence at the current level of 

whale-watching. Whale Watch Kaikoura™ Ltd, even at their busiest, are currently 

using less than 60% of their permitted number of trips. Hence maintaining only 

the current permits could expand whale-watching significantly. 

d) Issue further permits, but require effort to be spread across all animals in the area. 

Transient sperm whales are rarely, if at all, visited by whale-watching craft. 

Therefore, pressure from trips could be spread more equally, and thus giving 

resident animals more surface time without vessels in the vicinity. Our 

observations do not support this option, for two reasons: Firstly, transient animals 

respond more to vessels than resident individuals. Therefore, it does not make 

sense to subject the most sensitive whales at Kaikoura to whale-watching. In 

addition, such a regulation would likely cause operational difficulties. Transient 

animals are further offshore and less predictable in their distribution. Thus, it 

would be difficult to require some proportion of daily encounters to focus on 

transient individuals. 

e) Issue further permits for additional whale-watching vessels and/or trips. This 

option might be seen as desirable for economic reasons. The data sets provide 

some guidance on how many trips could be added (see Tab. 3.55), but cannot 

predict whether there is a level at which whales will abandon Kaikoura or react in 

some other negative way. Because they are most sensitive to disturbance, 

transients should not be targeted. In this case, the only option would be to increase 

the number of vessels/trips targeting the residents. During daylight hours in 

summer, whale-watching vessels accompany resident whales on about 50% of 

their surfacings (see section 3.8). It would be possible to increase this, if managers 

were comfortable with residents spending very little time on the surface alone. 

Four observations argue against issuing more permits: 1) Considering that current 

whale-watching causes impacts, it may not be desirable to increase substantially 

the level of whale-watching effort, 2) Establishing competition on the water 

would probably not be in the whales' interest, as it would likely lead to more 

speed to get to whales first, and more aggressive behaviour around whales. It is 
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difficult to see how increasing competition could decrease impacts. 3) Whale 

Watch Kaikoura TM Ltd is presumably filling the available demand, yet is not 

offering as many trips as it is permitted to. There may not be sufficient demand to 

justify additional operators. 4) The value of the experience gained by passengers 

might be diminished. 

The existing data best support options b) or c) above. 

4.5.3 Recommendations 

• 

• 

• 

The current rules governing the number of vessels, and their conduct, around 

whales, appear to be generally effective in minimising harassment of whales by 

commercial whale-watching vessels. Our observations show no need to change 

the regulations. The conduct of current whale-watching skippers around whales is 

generally good. 

Directional hydrophones can reliably indicate the direction, and, with experience, 

the approximate range of submerged whales. They are used only sporadically by 

whale watch skippers, depending on the skipper and the number of whales in the 

vicinity. It may be advisable to increase their use to avoid boats roaming an area 

while waiting for a whale to come up. This would decrease the chance of collision 

between whale-watching boats and whales. Tracking could also be included in the 

experience for the tourists. 

Whale watch skippers tend to spread their attention over several whales. Most 

whales are attended by only one boat. It could be argued that it is preferable for 

skippers to concentrate on fewer whales, so that if a whale is targeted, it will have 

three boats with it for that particular surfacing. This would increase the number of 

surfacings for which whales are alone. 
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• A monitoring scheme should be put in place in cooperation with the whale 

watching companies. Whale reactions should be observed on a regular basis, using 

recognized methods. This would facilitate detection of changes in behavioural 

patterns in time for management to respond appropriately. While the scheme 

should be designed and set up in cooperation with the industry, it should be 

operated independently. Part of the scheme should be regular up-dates to the 

industry. 
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CHAPTER 5 

Whale-Watching Off Kaikoura: Issues Of Power, Significance 

And Sustainability 

This study investigated the impact of current whale-watching activities off Kaikoura 

on male sperm whales. The results indicate that sperm whales react to whale-watching 

platforms by altering their surface and vocal behaviour. Whereas significant results 

were detected in resident sperm whales only, it was typically transient whales that 

displayed larger effect sizes. This demonstrates the importance of assessing power 

(see below), but it also may indicate that (at least) resident whales can habituate or 

tolerate current whale-watching activities. Taken together with the previous studies of 

Kaikoura whale-watching (MacGibbon, 1991; Gordon et al., 1992), this study 

demonstrates that current whale-watching effort seems to be biologically sustainable. 

However, the fact that all three studies did indeed detected changes in sperm whale 

behaviour should be taken as a sign to manage the industry cautiously. No changes 

are necessary in the legal framework regulating the whale-watching industry off 

Kaikoura. 

This study represents an extension of the previous work off Kaikoura (MacGibbon, 

1991; Gordon et al., 1992) in several ways. Firstly, it updates data on whale-watching 

activities and sperm whale behaviour and thus allows assessment of current impacts._ 

Secondly, I used several techniques and methods not employed in the previous 

studies, such as land-based observations and power analysis. The experience gained 

from this is not only applicable and useful for the situation in Kaikoura, but can be 

applied in other whale-watching contexts as well. Finally, this study also added to the 

long-term data base on Kaikoura sperm whales. By doing so, it contributed to our 

understanding of male sperm whale social behaviour in particular, and of the 

evolution of sperm whale social behaviour in general. 

Several major points relating to whale-watching in general, and to whale-watching off 

Kaikoura in particular, are worth examining in some more detail: 

150 



C.F. Richter Chapter 5 

5. 1 The Question Of Power 

Many of the analyses in Chapter 4 did not show a significant effect of whale-watching 

platforms, boats or aircraft. In most of these cases, measures of effect sizes did not 

exceed the cut-off value for "small" effects (sensu Kirk, 1996) (see for example 

Tables 4.8, 4.30, and 4.45). Given the latter, the former is not surprising. Calculating 

their power is not useful since power and p.-value are confounded when calculated 

with the observed effect size (Steidl et al., 1997). The question then is what size of 

effect could I have detected given our sample sizes, nominal "significance" and 

treatment levels. Figure 5.1 displays the relationship between power and sample size 

for four effect sizes using parameters for a typical GLM analysis in this thesis (alpha 

= 0.05, number of treatment levels= 32 (4 years * 4 seasons * 2 levels for absence or 

presence of platform/boat/aircraft), degrees of freedom of platform absence/presence 

= 1). All GLM analyses of Data Sets 1, 2 and 4 included more than 60 samples and 

thus had enough power (= 0.8, Murphy and Myors, 1998) to detect "large" effects 

(sensu Kirk, 1996). With more than 120 samples, most analyses had also enough 

power to reliably detect "medium" effects (sensu Kirk, 1996). In addition, power was 

sufficient for reliable detection of "small" effects (sensu Kirk, 1996) in Data Set 1, 

which in general had more than 760 samples (see for example Tables 4.8, 4.13, 4.29, 

and 4.44). 
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Figure 5.1: Relationship between sample size and power for a typical GLM analysis 
(alpha = 0.05, groups = 32, df = 1) and for four different effect sizes: f = 0.05 
represents one of the smallest effect sizes in our study. The other values represent 
"small" (f = 0.1), "medium" (f = 0.25) and "large" effects (f = 0.4) (Kirk, 1996). The 
dotted lines show values at which power= 0.8 (Murphy and Myors, 1998). 

However, analyses of number of blows and surface time, which required recording of 

a complete surfacing period and thus had smaller sample sizes (between 368 and 521, 

see for example Tables 4.12, 4.34, and 4.49), did not achieve required power (1-B::::: 

0.6, Figure 5.1 ). Analyses of Data Set 2 achieved similar levels of power due to 

comparable sample sizes (between 223 and 617, see for example Tables 4.12, 4.34 

and 4.49) (Figure 5.1). 
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Figure 5.2: Relationship between sample size and power for a typical 2*2 G-test 
(alpha= 0.05, df = 1) and for three different effect sizes: "small" (w = 0.1), "medium" 
(w = 0.3) and "large" effects (w = 0.5) (Buchner et al., 1997). The dotted lines show 
values at which power= 0.8 (Murphy and Myors, 1998). 

In G-tests effect sizes were typically "large" (see for example Tables 4.15, 4.18, 4.36, 

4.38, 4.51, 4.53) and sample sizes were sufficient to detect them reliably. Tests for 

transients had the lowest sample sizes (around 60), which still yielded enough power 

for "large" effects (sensu Kirk, 1996). In conclusion, while not all analyses were 

powerful enough, most non-significant results were due to small effect sizes rather 

than lack of power. 
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5.2 The Question Of Alpha 

This thesis followed the tradition of using a fixed alpha-level to determine statistical 

significance. As outlined in Chapter 3, this approach has been criticised particularly 

when employed in the ecological and impact assessment field (Peterson, 1993; 

Mapstone, 1995; Kirk, 1996; Steidl et al., 1997). While I used effect size measures to 

help differentiate statistically and biologically important results (Kirk, 1996), I did not 

vary the alpha-level. This was done for three reasons: First, the main part of this thesis 

consists of a report to a management agency and stake-holders. Hence it was seen as 

. advantageous to stick with conventions (Mapstone, 1995). Second, scaling Type I and 

Type II errors requires defining the costs of each of those errors (Mapstone, 1995). 

Information needed to do this was not available. For example, I do not know how 

much whale-watching effects alter behavioural and physiological budgets of sperm 

whales off Kaikoura. Gordon and colleagues speculated that a 17% reduction in 

surface time could translate into a 36% reduction in feeding time (Gordon et al., 

1992). We did not detect such a large reduction in surface time and therefore, it 

remains unclear at what energetic costs sperm whales respond to whale-watching 

activities. No other study is available which attempts to define long-term costs to 

cetaceans. Therefore, the cost of - at least - the Type II error would have to be chosen 

arbitrarily, which would be difficult to support. In addition, this does not necessarily 

present an advantage over an albeit arbitrary, but widely accepted, chosen probability 

for Type I error. 

Lastly, weighing costs of Type I and Type II errors is further complicated by the fact 

that they would be evaluated in different currencies (Mapstone, 1995). For example, 

Type I errors, representing unnecessary reduction in whale-watching effort, would 

result in loss of income and represents a monetary value. In contrast, Type II errors, 

which imply continued or increased energetic costs for the whales due to maintained 

or extended whale-watching activities, could translate into reduced growth rates or 

limited reproductive success. These costs do not have a readily defined monetary 

equivalent. Similarly, increasing number of vessels around a whale may reduce the 

aesthetic experience or the wilderness perception of whale-watchers, which also is not 
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easily translated into economic terms. Developing means to appropriately weigh Type 

I and Type II error costs would be a project in itself and is therefore beyond the scope 

of this study. We could, however, have accepted a lower alpha level (say p = 0.10) 

and hence increased power and decreased the Type II error probability. This was not 

done for the reasons given above. However, since all tables provide p.-values, it can 

readily be determined which results are significant under the higher alpha level. 

5.3 The Question Of Sustainability 

Despite its importance and frequent use, the concept of sustainability is difficult to 

define and contentious (Levin, 1993). While a detailed discussion of this concept is 

beyond the scope of this thesis, it is useful to delimit it. In general, an ecological 

system is used sustainably if the use is carried out in such a way that either humans 

replace removals from the system and/or nature is allowed enough space and time to 

replace removals prior to new impacts. This ensures that the ecological system can 

"renew itself indefinitely and our use of it will be sustainable" (Norse, 1993, p. 167). 

Similarly, Casagrandi and Rinaldi (2002) define a sustainable tourism policy as one 

that allows the indefinite maintenance of a tourism industry without negative impacts 

on the environment. In New Zealand, sustainability of the whale-watching industry is 

one of the goals of the Marine Mammal Protection Regulations, which are part of the 

New Zealand Marine Mammal Protection Act (Anonymous, 1992; Orams, 2002b). 

However, while these regulations and this thesis deal with such environmental or 

biological sustainability of the industry, social, economic and cultural influences have 

also to be considered when assessing the over-all sustainability of whale-watching 

(see Chapter 2; Orams, 2002b). 

Whale-watching has transformed the small and isolated community of Kaikoura into a 

busy and successful tourist destination, bringing welcome economic opportunities but 

also social and cultural problems. 

Current whale-watching activities affected respiration and vocalisation parameters as 

well as surface behaviours of resident whales. Effect sizes for respiration parameters 
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were typically below accepted thresholds for "small" effects, while those for surface 

behaviours indicated at least "medium" effects. In contrast, no significant effects on 

transient whales were detected due to the small number of encounters with transients. 

However, their effect sizes were consistently larger than the corresponding effects on 

residents, with most of them being at least "small" effects. These findings imply that 

male sperm whales can either habituate to or tolerate current levels of whale-watching 

off Kaikoura. At the same time, it is also clear that sperm whales do react to the 

presence of whale-watching craft, especially when they had no previous experience 

with such craft. 

Research in 1991 and 1992 (MacGibbon, 1991; Gordon eta!., 1992) found 

comparable effects to those reported here. Considering that whale-watching effort has 

increased since then, this could be a further indication that at least resident sperm 

whales can support current whale-watching activities. While large differences in 

response to whale-watching craft by individual sperm whales made it difficult to 

detect impacts, they also showed that certain animals react little to whale-watching 

activities. Why some individuals appear to have habituated easier or can tolerate 

whale-watching activities better is unclear. It could relate to the amount of previous 

exposure to anthropogenic activities, age, and individual differences in responsiveness 

(see Chapter 4). 

This points to a general problem with most whale-watching studies (see Chapter 3). 

Even though this study is one of the longest running whale-watching studies to date 

and the sperm whales off Kaikoura have now been studied by a research group for 

over a decade, it still cannot be considered a long-term study for two reasons. First, 

compared to the life expectancy of a sperm whale (60-70 years; Rice, 1989), the 

period covered by this study is short. Second, during the three years of this study it 

was not possible to detect any changes in population parameters due to anthropogenic 

activities. Finally, the behavioural changes detected in this study may reflect acute 

responses to stressors. While these responses can indicate attempts by the sperm 

whales to avoid or cope with the stressors, it is the long-term contact with them that 

may be more important. Chronic, long-term exposure to stressors is known to have 

serious negative effects on growth, reproduction and health of organisms (Sapolsky, 
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1994; Toates, 1995). Despite their serious consequences, such effects are typically 

subtle, and therefore difficult to detect. Moreover, determining the cause or causes for 

stress-related problems can only rarely be done with any confidence (Reeves and 

Reijnders, 2002). While it is currently impossible to assess whether whale-watching 

activities represent such Jong-term and chronic stressors to at least the resident sperm 

whales, it is important to keep this possibility in mind when evaluating the 

sustainability of the industry off Kaikoura. 

There were further limitations to this study (see Section 4.5.1), which made 

interpretation difficult or impossible. For example, it is unclear how important 

Kaikoura is as a foraging place for male sperm whales and thus it is impossible to 

determine how crucial behavioural changes in this area are. Similarly, it is not 

obvious how energetically costly such changes are. However, there could be new 

methods which may help overcome such problems and efforts to standardise whale

watching studies should make them more comparable and thus should allow for a 

more unified knowledge of whale-watching impacts on cetaceans in general (see 

Chapter 3). 

In summary, sperm whale watching off Kaikoura currently appears to be biologically 

sustainable, but it is recommended that a precautionary approach is adapted and no 

further expansion is allowed. In contrast, Orams (2002b) argued that Kaikoura is on a 

developmental path from small scale and environmentally sustainable to a Jess 

sustainable destination with decreased educational content and increased 

environmental costs. Based on the findings in this thesis it can be argued that at least 

regarding the biological impacts on the sperm whales, whale-watching remains 

sustainable. While educational aspects were not systematically researched for this 

work, there are indications that efforts are being made to increase educational impacts 

considerably. Therefore, sperm whale watching off Kaikoura will hopefully remain a 

biologically, socially, culturally and economically sustainable and educational 

experience. In addition, it is hoped that the community of Kaikoura will, in time, 

manage to make their product a true ecotourism experience: one that improves the 

tourists as well as the environment (Orams, 2002b). 
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APPENDIX B 

Some Points On The Educational Value Of Whale-Watching 
Off Kaikoura 

The New Zealand Marine Mammal Protection Regulations stipulate that whale

watching trips should offer an educational experience. Point 6(h) states "that the 

commercial operation should have sufficient educational value to participants or to 

the public" (Anonymous, 1992). These regulations also stipulate that an application 

for a whale-watching permit has to include "the details of any educational material to 

be provided or educational aspects of the proposed operation" (point 8( e ); 

Anonymous, 1992). Consequently, whale-watching trips should provide the tourists 

with accurate, reliable and up-to-date information. 

These regulations do not reflect the fact that it is notoriously difficult to assess the 

educational content of environmental education in general (Orams, 1997), and of 

whale-watching in particular (Russell, 2001a). Moreover, there is no agreement on the 

approaches to environmental education nor on the knowledge that should be 

transmitted in such education (Russel, 2001 b). Despite these problems, virtually 

everybody agrees that guided nature tourism, such as whale-watching trips, can offer 

opportunities for effective and enjoyable environmental education (Forestell, 1993; 

IFA Wet al., 1997; Orams, 1996, 1997; Ross and Wall, 1999; Russell, 2001 a and b). 

While this project did not attempt to assess systematically the educational value of the 

trips, I occasionally participated in trips with Whale Watch™ Kaikoura Ltd. and with 

Wings Over Whales Ltd. (I did not have the chance to fly with Kaikoura Helicopters 

Ltd.). On these trips I took note of the contents of the trip narration and any other 

material intended to increase the educational content. Therefore, this appendix 

provides a few examples of existing problems and suggests some means of improving 

the educational content of whale-watching in Kaikoura. 
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B. 1 Trip narration and information provided 

Trip narration contains a substantial amount of high-quality, accurate information. 

The addition of the narrator's interpretations (provided it is made clear that this is an 

interpretation) can increase the interest value of the commentary, and help build 

connection between the narrator and listener. However, on the trips I took part in, 

narrators sometimes presented incorrect information or implied knowledge of details 

that are, at best, conjecture. A few examples are listed below. These are given for 

illustrative purposes only: 

• In the context of presenting adaptations to deep diving, nitrogen was described as 

poisonous. This is not so (70% of the air consists of that element), and does not 

help explain how marine mammals avoid the "bends". At depth, nitrogen is more 

easily absorbed into the blood, and can "gas-out" on ascent, forming gas bubbles 

in tissues and in the blood - this causes the "bends". Cetaceans avoid this problem 

because the lungs collapse at depth, shunting air (and nitrogen) into the nasal 

passages where gases are not absorbed. 

• 

• 

Giant squid was portrayed as "the favourite prey of sperm whales". This is untrue . 

In their analysis of 133 stomachs of sperm whales killed in whaling at Kaikoura 

and Cook Strait, Gaskin and Cawthorn found only one beak from a giant squid. 

The majority of the diet, by far, consists of warty squid (Moroteuthis sp.) and 

groper (Polyprion oxygeneios)(l 967). While it is undoubtedly true that sperm 

whales sometimes take giant squid, passengers should be told that this is 

extraordinary, and that most of their diet consists squid less than a metre long 

(Rice, 1989). 

When describing the social system of sperm whales, so called "harem groups" 

were frequently mentioned, with males "guarding" or "defending" groups of 

females and their offspring. This is an old hypothesis now discredited. Recent 

studies clearly show that males do not "take possession" of nursery groups or fight 

over them (Rice, 1989; Whitehead, 1993; Weilgart et al., 1996). Rather, mature 

male sperm whales usually spend only hours with nursery groups, sometimes 

revisiting the same group several times during a few days. They do not appear to 
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show preferences for certain nursery groups (Whitehead, 1993). In my view, these 

and other inaccuracies compromise the educational value of the tours. 

B.2 Recommendations for improvement of educational content of whale-

watching 

Steps to improve the content of the narration have been undertaken. Staff of Whale 

WatchTM Kaikoura Ltd and Wings Over Whales attended a course for marine 

mammal tour operators that our research group ran in 2000, and memebers of the 

group are currently communicating with one of the companies regarding new 

narration guidelines. Further means to ensure correct and up-to-date information 

could include regular contact with researchers, either through staff seminars or written 

communication, and in-house commitment to accuracy. Other than the seminars we 

have given for them, and the course we offered in 2000, all training is done in-house 

(T. Sonal, Whale Watch™ Kaikoura Ltd, pers. comm.). It may be helpful to design a 

framework for co-operative exchange of information between the whale-watching 

industry, scientists and DoC. 

Wings Over Whales hands out a brochure at the end of the flight, providing some 

information on the company and the sperm whales. No such material is given out on 

Whale Watch KaikouraTM Ltd's tours. Another option could be to present posters, 

videos or interactive educational materials in the public area. This would allow 

tourists to learn about topics, which are of interest to them at their own pace. 

Furthermore, it would give tourists whose first language is not English an opportunity 

to learn more easily. 

The educational potential of ecotourism is, in large measure, what can set it apart 

from thrill-seeking tourist ventures, such as bungee-jumping. Impact of whale 

watching on whales can more easily be justified if educational benefits are 

maximised. The educational content of the whale-watching experience at Kaikoura 

could be significantly increased by simple and cost-effective means. 
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Social Structure and Residence in Aggregations of Male 
Sperm Whales 
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Social structure and residency in aggregations of 
male sperm whales 

Erland Lettevall, Christoph Richter, Nathalie Jaquet, Elizabeth Slooten, 
Steve Dawson, Hal Whitehead, Jenny Christal, and Penelope McCall Howard 

Abstract: Sperm whales (Physeter macrocephalus) are sexually dimorphic in several respects, including size, latitudinal 
distribution; and social structure. Females are known to have complex. social structures, including long-term bonds, but 
the social structures of sexually mature or maturing males have received much less attention. Using data from aggrega
tions of males off Norway, Nova Scotia, New Zealand, and the Galapagos Islands, we examined aggregation size, resi
dence times within aggregations, clustering at the surface, and long-term bonds. Results were generally consistent 
among study areas. The aggregations found in each area contained around 10-30 males at any time, and were usually a 
few tens of kilometres across. Mean residence times within aggregations ranged from a few days to a few weeks. 
Close clustering at the surface was rare. but present at each site. There was no evidence for preferred companionship 
between individuals at any temporal scale in any of the study areas. The rarity of clustering and the apparent lack of 
Jong-term relationships amongst male sperm whales contrast strongly with results of studies on females> suggesting that 
both close spatial proximity at the surface and permanent bonds between individuals may be a consequence of the need 
for care of the young. 

Rhum!! : Les cachalots (Physeter macrocephalus) pr6sentent un important dimorphisme sexuel, notamment en taille, 
en distribution latitudinale et en organisation sociale. Les femel!es ont une organisation sociale tres complex.e qui inclut 
des associations a long terme entre individus, alors que !'organisation sociale des miles adultes, ou subadultes, reste 
encore largement inconnue. En utilisant des donn6es provenant de regroupements de mllles au large de la NorvCge. de 
la Nouvelle Ecosse1 de la Nouvelle Z6lande et des iles Galapagos, nous avons examine la taille des regroupements, la 
dur6e du s6jour a 1·int6rieur de ces regroupement1 la maniCre dont les individus se rassemblent a la surface et les asso
ciations a long terme entre individus. Les resultats etaient coherants d'une region a J·autre. En general, Jes regroupements 
avaient quelques dizaines de kilometres de diamCtre et contennaient environ 10-30 miles. La dur6.e moyenne du s6jour 
a J·intCrieur de cbacun de ces regroupements allait de quelques jours a quelques semaines. Les individus formaient 
rarement des groupes compacts de deux. ou plusieurs individus separes par moins de 100 m, mais de tels groupes ont ete 
observes en surface clans chaque region. Rien dans nos donn6es, dans aucune r6gion, ni a aucune des eGhelles temporelles 
etudi6es, ne laissait croire que certains individus puissent s'associer plus souvent avec tel male qu·avec tel autre. Le 
fait que les individus se regroupaient rarement a la surface et !'absence d'associations a long terme entre males prCsentent 
un contraste remarquable :wee Jes r6sultats obtenus chez Jes femelles. Cela sugg6re que la proximit6 spatiale a la surface 
ainsi que les associations permanentes entre individus servent principalement i assurer les soins aux jeunes, 

Introduction 
Social organization ranges from temporary aggregations 

of interacting individuals at one extreme to more stable 
groupings of animals with complex social bonds at the other. 
Female spenn whales (Physeter macrocephalus) are unques-
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tionably social, but among mature males the situation is not 
so clear (Whitehead and Weilgart 2000). Mature male sperm 
whales are about 3 times the mass of mature females, and 
the two sexes spend much of their lives segregated (Best 
1979). On a global scale it is notable that females are gener
ally found at latitudes below 40° (50° in the North Pacific 
Ocean), while males can be sighted up to the edge of the 
pack ice in both hemispheres (Rice 1989). In temperate 
latitudes tl,ere is some overlap between the distribution of 
groups consisting principally of females and the distribution 
of aggregations containing only males (Best 1979). 

When apart from females, males may be found in aggre
gations spanning a few kilometres or more. These are some
times called bachelor groups (Best 1979), but are they 
actually social? Perhaps male aggregations are a response to 
external conditions, ruch as the presence of prey, in which 
case the location of a particular whale may not be directly 
related to the presence of others (see Connor 2000). Or per
haps there really are social bonds, as suggested by mass 
strandings of males (Rice 1989). 

1l1e active seeking out of conspecifics would seem to be 

Can. J. Zoo!. 80: I 189-1196 (2002) DOI: JO.I !39/ZOZ-102 © 2002 NRC Canada 
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the most fundamental prerequisite for sociality. However, 
there are many other facets of sociality, an important one be
ing whether animals discriminate among individuals in their 
associations (Connor 2000). The new permutation methods 
of Bejder et al. (1998) and Whitehead (1999) allow these 
possibilities to be tested rigorously and easily. However, to 
distinguish between preferred companionship and random 
association among members of an aggregation> we need in
formation about residency within the aggregation, as animals 
can choose companions only from those in their vicinity. 

Until now, social structure within aggregations of males, 
or bachelor groups, has only been described informally. For 
instance, Caldwell et al. (1966) observed "loose associations" 
of young males off California that were "scattered over an 
area 5 to 10 km square" and did "not gather into tight schools" 
but seemed to move fairly cohesively "as a unit". In contrast> 
"tight schools" of males were reported from both lhe Azores 
and New Zealand (Clarke 1956; Gaskin 1970). Best (1979) 
concluded that large bachelor groups of males spanning 9.4-
12.8 m in body length frequently split up and rejoined over a 
large area, but was unsure about the constancy of their mem
bership. All these observations were made in the course of 
whaling, which may well have had an effect on social struc
ture. More recent nonlethal research on sperm whales has 
begun to illustrate some of the characteristics of the social 
structure of males. Childerhouse et al. (1995) noted that male 
sperm whales off Kaikoura were almost invariably found 
alone (their "groups" were equivalent to the "clusters" of 
Whitehead and Amborn (1987), i.e., animals seen within 
100 m of one another coordinating their movements at the 
surfuce). From a study on the Scotian Shelf, Canada, White
head et al. (1992) found "little apparent social structure" 
among males. Similarly, within an aggregation of males off 
the Galapagos Islands, clustering was very rare but the males 
showed a degree of coordination of heading and the aggre
gations moved wilh some cohesion (Christal and Whitehead 
1997). Although whaling is less likely to have affected the 
social structures under observation in these modem studies, 
exploitation may have long-term consequences for long-lived 
animals with complex social systems, like sperm whales 
(Weilgart et al. 1996). 

Here we use quantitative methods to examine social struc
ture in male sperm whales at three cool-temperate study 
sites in Norway, Nova Scotia, and New Zealand, and at the 
Galapagos Islands near the equator. For each site we examine 
aggregation sizes, residence times, clustering among males 
at the surface, and preferred companionship over time. 

Methods 

Field studies 

Ande1tes, Norway 
The occurrence and distribution of spenn whales off Nor

way are best known from commercial whale-watching from 
Andenes on Andoya Island (Lettevall et al.2). During the 
summer season, whale-watching vessels regularly visit the 
waters of Bleikdjupet (69°15'-70°00'N, 14°50'-16°15'E), a 

Can. J. Zool. Vol. 80. 2002 

submarine canyon that cuts into the continental shelf about 
12.5 km northwest of Andenes. Data from whaling operations 
between 1925 and 1971 (summarized by Christensen et al. 
1992) and recent sighting surveys (0ien 1990) in the Norwe
gian Sea highlight this area as a significant habitat for sperm 
whales, owing to their very high abundance during the sum
mer months. Data were collected between 1987 and 2000 
from 18- to 36-m vessels converted from IIShing and whal
ing to whale-watching (Lettevall 2001). In addition, inde
pendent sperm whale surveys were carried out from 10- to 
12-m auxiliary sailing vessels between 1990 and 1997. 

The Gully, Nova Scotia 
Male sperm whales are found in the Gully (43°40'-44°!5'N, 

58°45'-59°25'W), a prominent submarine canyon on the edge 
of the Scotian Shelf. These animals were studied during the 
summer monlhs (June-August) from 1988 to 1998 using !O
to 12-m auxiliary sailing vessels, largely as an adjunct to re
search on northern bottlenose whales (Hyperoodon ampullatus ), 
which also use the canyon (e.g., Whitehead et al. 1997b). 
The distnlmtion and behavior of Gully sperm whales has 
been described by Whitehead et al. (1992). 

Galapagos Islands, Ecuador 
The Galapagos Islands have been known as a hot spot of 

sperm whale distribution for over 200 years (Colnett 1798) 
and were an important whaling area in the 19th century 
(Shuster 1983). Studies of sperm whales around lhe islands 
started in 1985 and are ongoing. Both during the whaling 
period and during the late 1980s, mainly female sperm 
whales were found off the Galapagos Islands, with a very 
few large, probably breeding, males (Hope and Whitehead 
1991). However, during the 1990s the females left the is
lands, and by the end of the decade they were rarely sighted 
(Whitehead et al. 1997a). In their place were found aggrega
tions of males. 

The sperm whales off the Galapagos Islands have been 
studied using 10- to 20-m auxiliary sailing vessels. Here we 
use only data collected in April-June between 1995 and 
1998, when males had become quite common and females 
increasingly rare. The data were collected within the area 
1°20'S-! 0 0'N, 90°00'-92°10'W. Additional information on 
the males is presented by Christal and Whitehead (1997) and 
Christal (1998). 

Kaikoura, New Zealand 
Off Kaikoura, male sperm whales are present year-round 

within a few kilometres of the shore. Their distribution is 
centered on a submarine canyon just south of the Kaikoura 
Peninsula (42°27'-42°45'S, 173°33'-174°0'E). The 1000 m 
depth contour comes to within 5 km of the shore and whales 
can usually be found within 20 km. The Kaikoura sperm 
whales have been studied each austral summer and most 
winters since 1990 from a 6.6-m rigid-hulled inflatable 
(Childerhouse et al. 1995). 

Groups of females have very occasionally been observed 
in the Nova Scotia Gully (Whitehead et al. 1992), off Kaikoura, 
and off the Galapagos Islands (where they were common 

2E. Lettevall, N. 0ien, S. Burger, B. Espar Gasset, V. Fleming, T. Sarvas, C. Sellares, and U. Westerberg. Seasonal occurence, resighting rate 
and body length distribution of male sperm whales (Physeter macroceplzalus) off Andenes, Norway. In preparation. 
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before 1991; Whitehead et al. 1997a), but not off Andenes 
(Lettevall 1998). However, all encounters involving females 
have been omitted from tl,e analyses in this paper. 

Photographs of the flukes of diving sperm whales were 
taken with 35-mm cameras with 80- to 300-mm f"ixed or 
zoom lenses and black and white (Galapagos Islands, Nova 
Scotia) or color (Ander,es, Kaikoura) films. Records were 
kept of cluster sizes of photographed whales. A cluster is de
fir,ed as a group of animals within 100 m of or,e another 
(200 m for Anderles) that show coordinated mowment (White
head and Amborn 1987). 

Animals were measured in the Galapagos Islands and 
Nova Scotia studies using the single-camera photogrammetric 
me1hod of Gordon (1990) and off Kaikoura by the stereo
photogrammetric method of Dawson et al. (1995). Both the 
single-camera method (Lettevall 1993) and an acoustic me1hod 
(Wahlberg et al. 1996) were used off Andenes. The acoustic 
method uses the interpulse interval of sperm whale clicks 
(Gordon 1991). 

What is an aggregation·? 
The differences in the nature of these study areas and 

investigations mean that "aggregation" has rather different 
operational def"mitions. Off Andenes, Kaikoura, and Nova 
Scotia, sperm whale distribution is strongly associated with 
the deeper waters of a prominent submarine canyon, and in 
each case aggregations of males are found to be about 10-
30 km across (McCall Howard 19993; Ciano and Huele 2001; 
Jaquet et al. 2000). The aggregations may be found in differ
ent parts of the three canyons (which span 40-60 km) at any 
time (e.g., Jaquet et al. 2000; White],ead et al. 1992). In all 
three cases there is quantitative evidence that sperm whale 
densities decrease away :from the canyon (Jaquet et al. 2000; 
Whitehead et al. 1992; Lettevall and 0ien4), thus the aggre
gations are, at least to some extent, geographically bounded. 
The Galapagos Islands situation is rather different. Discrete 
aggregations of males a few kilometres across were encoun
tered and tracked acoustically over a much larger study area. 
Some of these aggregations were fairly stationary, while oth
ers moved tens of kilometres over periods of hours or days 
(Christal and Whitehead 1997; Christal 1998). For instance, 
the aggregation shown in Fig. 2 of Christal and Whitehead 
(1997) mo"'d about 50 km in a northwesterly direction o"'r 
17 h. 

Photoidentification 
Photographs were matched to identification catalogues for 

each area following the methods of Amborn (1987), Dufault 
and Whitehead (1995), Childerhouse and Dawson (1996), 
and Lettevall (1998). Only identifications from photographs 
of a quality greater than or equal to an equivalent of Amborn 's 
(1987) Q = 3 are used here. 

Aggregation size and residency 
Here we use the "lagged identification rate", R('r.), where 'C 

is the lag (see Whitehead 2001), to examine residency within 

1191 

each study area. R('t) is the probability that an individual 
identified in 1he study area at time twill be reidentified during 
a subsequent identification of a randomly chosen resident of 
the study area at time t + 'f. later. For any lag ('t) this can be 
estimated from 1he proportion of pairs of reidentifications 'C 

time units apart: 

[l] R(T.) = m(T.)!g(T.) 

where g( 't) is the number of pairs of identifications made 'C 

units apart and m('t) is 1he number of these that are :from the 
same individual. 

When 'C is short enough that the population is essentially 
closed, R('t) = 1/N, where N is the mean number of animals 
in 1he study area at a given time. As 'C approaches 1he mean 
stay in the study area, R('t) begins to fall. Thus, by fitting 
models to R('t) we can estimate both N and 1he mean resi
dency in the study area (Whitehead 2001). In this applica
tion, because we expect associations to decay with time, we 
fit an exponential model: 

[2] R(T-) = (µ + e-(µ+llq)<Jq)/(Nµ + N!q) 

This corresponds to animals remaining in the study area for 
a mean of q days at any time and, when outside the study 
area, returning with probability µ per day. Only lags of less 
than 200 days were considered. 11,e model was fitted using 
likelihood methods as described by Whitehead (2001). For 
all study areas except the Galapagos Islands, where longer 
term data were few, this mode] appeared to provide a reason
able fit to the data (Fig. 1 ), and the likelihood was little in
creased by adding tem1s. Standard errors of 1he parameters 
were estimated by means of jackknife techniques in which 
"pseudo-estimates" were calculated by omitting data from 
each year in turn (see Efron and Gong 1983). Estimates ofµ 
were very imprecise and are not presented. 

Tests for preferred companionship 
We tested for preferred/avoided companionship among male 

sperm whales in each study area owr similar time periods 
by first calculating "simple ratio" association indices (see 
Ginsberg and Young 1992) between all pairs of whales. The 
studies were divided into periods of 5 days, a time interval 
considerably shorter than the estimated mean residence times 
for sperm whales in all areas except 1he Nova Scotia Gully, 
where the estimated residence time was quite imprecise be
cause of relatively sparse data. Two analyses were carried 
out to test for preferred companionship. A pair of whales 
were considered to be associated if they were either (i) iden
tified within 2 h of each other (when they would normally 
haw been within about 15 km of one another) or (ii) identi
fied on the same day (when 1hey would normally have been 
within about 30 km of one ano1her). 

Using stronger measures of association (such as "in a 
cluster together") did not affect the outcome of the tests. 

The test statistic was the standard deviation of the associa
tion indices (Whitehead 1999). Large standard deviations in
dicate unexpectedly high and (or) low associations between 

31--1.P. McCall Howard. 1999. Sperm whales PJzyseter macrocephalus in the Gully, Nova Scotia: population, distribution, and response to 
,seismic surveying. B.Sc.(Hons.) thesis, Dalhousie University, Halifax, N.S. 

4E. Lettevall and N. 0ien. Movement and aggregation pattern of non-social male sperm whales (Physeter macrocephalus) at the "Bleik 
Canyon'' of the Norwegian Sea. In preparation. 
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instance of a pair (Nos. 570 and 572) clustered on two con
secutive surfacings (Christal 1998). From Kaikoura and 
Andenes there are more data. OffKaikoura, one pair (NN 80 
and HL 120) were photoidentified clustered on two consecu
tive surfacings as well as during a single surfacing 3 days 
later (14:12 and 15:05 on 7 December 1996 and on 17 De
cember 1996). Another pair (HL 210 andHL 180) were pho
tographed clustered twice on the same day separated by over 
an hour (10:05 and 12:20 on 13 February 1999). Off Andenes, 
a pair (Nos. 273 and 293) were photoidentif'ied clustered on 
three consecutive surfacings (11:43, 12:08, and 12:44 on 16 
August 1997), and on another occasion there were visual ob
servations of consistent clustering of 2 identifiable individu
als within a day. 

Relaxing the definition of association to "identified within 
2 h" or "identified within 1 day" increased the number of 
repeat associations, but some apparent preferred companion
ships could simply have resulted from random companion
ship within a small population. For instance, 2 individual 
whales were identified within 25 min of each other on both 
14 and 16 July 1988 in the Nova Scotia Gully. Does this in
dicate preferred companionship, or was it just by chance that 
we saw them "together" the second time? To test this, we 
used Bejder et al.'s (1998) permutation tests for preferred 
and (or) avoided companions. For none of the datasets was 
there statistically significant evidence that associations among 
members of the aggregation were other than random (Table 1). 

Discussion 

Our quantitative analysis confirms some of the statements 
made in previous papers about male sperm whales (e.g., 
Caldwell et al. 1966; Gaskin 1970; Best 1979; Whitehead et 
al. 1992; Childerhoure et al. 1995; Christal and Whitehead 
1997). In our four study areas, aggregations (or bachelor 
groups) were small, containing around 10-30 animals at any 
tin1e, and were usually spread out over several kilometres of 
ocean, clustering being rare, though present, at each site. 
Mean residence times within aggregations were generally a 
few days to a few weeks. This is generally consistent with 
the analyses of residency at Kaikoura by Childerhouse et al. 
(1995) and Jaquet et al. (2000). The results of these studies 
indicate a dichotomy between "residents", who spend weeks 
at a time in the Kaikoura canyon, and "transients", who 
briefly pass through. Such differences may also be present in 
the other study areas (e.g., McCall Howard 1999; Ciano and 
Huele 2001). 

Our principal new result, the lack of evidence for pre
ferred companionship at any temporal scale in any of the 
study areas, suggests that if this is the acid test of sociality, 
male sperm whales may not, in this sense, be social. How
ever, they clearly do on occasion seek each other out to form 
clusters (Table 2), they coordinate their headings within aggre
gations (Christal and Whitehead 1997), and, perhaps most 
tellingly, on occasion they strand together (Rice 1989). In a 
revealing observation made on Sable Island, Nova Scotia, in 
1997, a male spenn whale was observed to strand intentionally 
within 50 m of 2 other, previously stranded whales, even 
though 25 km of apparently featureless beach was available 
(Lucas and Hooker 2000). Thus, adult male sperm whales, 
when not involved in breeding, do react to each other's pres-
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TabJe 2. Distributions of cluster sizes. 

Galapagos 
Islands The Gully. 

Cluster size Amkncs (>1992) Nova Scotia Kaikourn 

2515 29 83 2416 
2 107 ]2 104 

3 29 () 3 13 
4 4 I) 0 5 

2 0 () 4 

6 4 0 0 0 
Total 2661 30 96 2542 
Mean cluster size 1.08 1.()3 1.18 1.06 

Note: Mean cluster sizes wen.' as follows: 1.08 for Andenes, l.H.3 for 
the Gal.ipagt~ Islands. 1.18 fi.)f the Gully, and L06 for Kaikoura. 

ence. even though they appear not to have Jong-term pre
ferred associates. 

Despite the consistency of the results among our study 
areas. they still may not be representative of the social 
structures of all mak aggregations. For instance. the largest 
(-5-15 animals) bachelor groups reported by Gaskin (1970) 
contained generally smaJJcr animals (-12-14 m) than the ag
gregations of nonbrccding males studied off Andcncs. off 
the Gali1pagos fslands. and in the Nova Scotia Gully (but not 
those in Kaikoura), and were observed in deeper. more open 
waters. Off South Africa, Best (1999) found that medium
sized and large males seemed to prefer waters closer to the 
continental shell: while females tended to occur mainly in 
water deeper than 1000 m. Best ( 1979) also describes schools 
of J ... 50 small bachelors containin,:,. animals from 9.4 to 12.8 m 
long. and notes that there sccm;d to be a tendency for the 
groups to contain 12·-· J 5 whales or multiples thereof. Thus. 
it is possible that more strnctured bachelor groups of smaller 
males do exist. perhaps especially away from the continental 
shelf edges, where males not involved in breeding have prin
cipally been studied. 

The gcncrn I pattern or male sociality uncovered here. and 
suggested in previous papers (Caldwell ct al. 1966; Gaskin 
1970; Best 1979: Whitehead ct al. 1992; Childcrhousc ct al. 
1995; Christal allll Whitehead 1997), contrasts dramatically 
with the very pronounced. and likely very important, social 
structures of fomalc sperm whales summarized in Table 3. 

That both sexes are fi)und in aggregations suggests that 
these arc formed in response to some factor which is signifi
cant to both males and females. of which food is the most 
likely (Whitehead and Wcilgart 2000). However, compared 
with those of females, aggregations of nonbrccding males 
tend to be more dispersed and yet more geogmphica1Jy sta
ble (Table 3). These contrasts may result from the more pre
dictable distribution of food in underwater canvons, habitats 
that arc highly structured physically and featu~e in three of 
our four study areas. Females have been studied only in 
more open habitats (e.g .. Galapagos Islands. Azores). 

1 n contrast to what is seen in females. there is little evi
dence for structured groups among males over smaller s<..~a!es 
(tens of kilometres) and none for permanent social units. 
The most obvious sign of this is that it is rare for 2 individu
als to be repeatedly seen together (Table 3). ·11,e extended 
periods spent at the surface during which females seem to 
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Fig. 2. Clus1cr of 2 males surfacing off An<lcncs (pJ1otograph by 
H-valsafarl. Audenes.). 

socialize (Whitehead and Weilgart J 99 J) are also exception
ally rare among these males t Whitehead et al. 1992: Jaquet 
et al. 2000). 

Together these results suggest that the highly social fe
males form structured groups. i.e .. pcnnancnt units and clus
ters. fOr reasons that arc not important. or not nearly as 
imponant. to the males. The most obvious of these might be 
protection of their young against predators. It seems very 
likely that the need for care of calves has hcen a driving fac
tor in the evolution of sociality in female sperm whales (Best 
1979: Gordon 1987; Whitehead 1996: also for muskox. O,•ihos 
mosdwtus, sec Klein 1999). 

The loose. apparently unstructured. relationships among 
nonbrecding males are similar to those of many aquatic or
ganisms that provide little or no care for their young. Many 
aggregations of scubirds and pinnipcds at sea seem compara
ble (e.g., Wells ct al. 1999). However. the contrast between 
the social systems of the sexes is most rcrnarkablc for spenn 
whales, indicating an unusual evolutionary trajectory for fe
male sociality in this species (Wcilgart ct al. 1996). Also re
markable is the way in which young males, who seem to 
take a foll role in the afliliativc and cooperative behavior 
1.hai occurs within their molhcr·s social unit for several years 
(e.g., Gordon 1987), appear io drop such bdrnvior from their 
repc,toire afler dispersal. Such contrasts and transitions give 
usefol insights into the evolution of sociality. 

There arc similar situations among animals 011 land. h1 red 
deer ( Cerrus elephas). fOr instance. stag groups were looser. 
less pcnnancnt, and less dcrinctl than those of hinds (C'lutton
Brock ct al. 1982). But the most obvious parallel is with ele
phants (Elephantidac), whose social systems arc remarkably 
similar to those of sperm whales (Wcilgan ct al. 1996). Fe
male elephants show several levels of social organiz:1tion. 
including parallels with all the clements listed in Table 3. 
\.Yhcrcas nonbrecding males, after dispcr~al from their nalal 
group, arc found in small groups with very labile member
ship (Douglas-Hamilton ct al. 2001). However, new research 
on African dephants (Loxodonta ({/Ncana) suggests that, de
spite the appearance of randomness in mak-mak associa
tions. short-term, but strong. associations bct\vecn particular 
pairs inay be repeated many times despite long intervening 
separations (Douglas-Hamilton ct al. 2001). It is certainly 
possible. and not inconsistent with our data. that a similar 
cryptic social structure exists nmo1ig mule sperm whales. 
and will be revealed as studies become longer. more de~ 
tailed, and more sophisticated. 
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Table 3. Social structures of nonbreeding sexually mature male sperm whales compared with those of females (data for females are 
from Whitehead and Weilgart 2000). 

Structure Females Nonbreeding mature males 

Aggregation 

Group 

Social unit 

.-Tens of animals aggregated over an area .--JO lan across for 
a few hours 

--20 males aggregated over an area -20 km across for 
days or longer 

....... 20 animals foraging in structured formations spanning .-1 km 
for days 

Little evidence for groups, except coordinated heading 
by aggregated males 

--Tens of animals with long-term relationships lasting years to 
decades; may contain several matrilines 

No evidence for long-term relationships 

Cluster .... 2 or more animals clustered at the surface over --10 min Occasional clustering of 2 or more males 
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