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ABSTRACT: The largest southern hemisphere humpback whale Megaptera novaeangliae stock
(E1) uses the east coast of Australia as a migratory corridor to travel between their high-latitude
feeding grounds in the Southern Ocean and low-latitude breeding grounds in northeast Queens-
land and the south-west Pacific Ocean. The population is recovering at close to the maximum rate
of growth (r,), and the increasing abundance of whales passing within sight of land has facilitated
the development of a growing land- and vessel-based whale watching industry. We observed the
behaviour of 156 individual pods of humpback whales passing Sydney, New South Wales, during
their 2006 and 2007 northern migration and monitored vessel-whale interactions with respect to
the Australian National Guidelines for Whale and Dolphin Watching 2005. We applied gener-
alised linear mixed models with random effects to compute the odds of changing to the current
behaviour state. We found that in the presence of vessels, whales were more likely to remain on
the surface breathing or to cease surface breathing and switch to generally short, shallow diving
than was the case when no vessels were present. Northerly migrating whales off Sydney were
more likely to remain on the surface breathing in the presence of vessels, rather than taking some
form of vertical avoidance (deep, long dives) as reported elsewhere. Given the high rate of popu-
lation increase of stock E1 and the low level of behavioural changes seen, it appears that for this
population at least, adult humpback whales migrating to their breeding grounds are relatively
robust to disturbance by whale watching.

KEY WORDS: Humpback whale - Migration - Boat disturbance - Odds ratios - Behaviour -
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INTRODUCTION geted animals respond to disturbances. Frequently

Commercial viewing of wildlife is rapidly becoming
the predominant economic use of large wild animals
in the natural environment (Newsome et al. 2005). In
particular, charismatic animals such as whales, pen-
guins, bears, whale sharks, apes and elephants have
become the focal point of many viewing operations
(Newsome et al. 2005). The concomitant proliferation
of wildlife tourism has raised inquiry into how tar-
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documented responses include short-term changes in
behaviour, such as increased vigilance, relocation,
ceasing or otherwise changing behaviour states and
flight initiation. These are shown across a range of
taxa, including birds (e.g. Galicia & Baldassarre
1997), reptiles (e.g. Kerr et al. 2004), amphibians (e.g.
Rodriguez-Prieto & Ferndndez-Juricic 2005) and a
number of terrestrial and marine mammals (e.g. Chi
& Gilbert 1999, Cassini 2001, Pelletier 2006).
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Wildlife viewing has been marketed as non-con-
sumptive, leading to the assumption that this form of
tourism is somewhat benign, with no impact on the
targeted animals (Jelinski et al. 2002), as well as
carrying an implicit presumption of long-term sus-
tainability. However, these assumptions may require
careful evaluation, as for some animal species there
may be causative links between tourism and distur-
bance (e.g. Holmes et al. 2005). While some animals
become habituated to human activity (e.g. Coleman
et al. 2008), others have remained wary and avoid
areas of high levels of human activity (e.g. Dyke et al.
1986). Continually responding to disturbance may
impact activity budgets and reduce the amount of
time an animal spends foraging, resting, and for
mammals, suckling young (e.g. Yalden & Yalden
1990). Moreover, moving away from a disturbance
may displace animals from preferred areas (e.g.
Bryant et al. 1984).

The rapid growth of the whale watching industry
has raised concerns about the potential impacts the
industry may have on these animals, particularly
because most activities take place in coastal areas
and take advantage of seasonal or resident popula-
tions. Responses to disturbance have been reported
in many cetacean species, including humpback whales
Megaptera novaeangliae (e.g. Bauer et al. 1993),
killer whales Orcinus orca (e.g. Bain et al. 2006,
Williams & Ashe 2007), bottlenose dolphins Tursiops
spp. (e.g. Constantine et al. 2004, Lemon et al. 2006),
fin whales Balaenoptera physalus (e.g. Stone et al.
1992), gray whales Eschrichtius robustus (e.g. Moore
& Clarke 2002), common dolphins Delphinus spp.
(e.g. Stockin et al. 2008), dusky dolphins Lagen-
orhynchus obscurus (e.g. Barr & Slooten 1999),
Hector's dolphins Cephalorhynchns hectori (e.g.
Bejder et al. 1999) and sperm whales Macrocephalus
physeter (e.g. Richter et al. 2006).

Assessing the effects of whale watching activities
on cetaceans is difficult, as changes in behaviour are
expected to be subtle and difficult to detect because
of the underwater nature of these species. Cetaceans
may display a variety of short-term responses and
strategies during vessel interactions, ranging from
changes in pod composition (e.g. Ribeiro et al. 2005),
movement patterns and habitat use (e.g. Bejder et al.
2006a, Lusseau 2006a,b), surfacing and dive times
(e.g. Blane & Jaakson 1994), activity and energy
budgets (e.g. Williams et al. 2006), changes in
swim speed (e.g. Jelinski et al. 2002) and changes
in surface behaviour (e.g. Scheidat et al. 2004).
While short-term changes in behaviour are relatively
easy to identify, the biological significance of re-

peated disturbances is more difficult to understand.
Only a few studies have linked short-term changes
to long-term effects, mainly in small cetaceans. For
example, repeated disturbance has led to habitat
abandonment (e.g. Bejder et al. 2006b), sensitisation
(e.g. Constantine 2001) or reduced reproductive
success (e.g. Bejder & Samuels 2003) in some dol-
phin populations. However, while Watkins (1986) did
find long-term changes in baleen whale behaviour
in the face of repeated whale watching excursions
over a 25 yr period, he concluded that for most spe-
cies, the main effect was habituation, or even attrac-
tion in the case of humpback whales. While it is diffi-
cult to link disturbance to whales during migration to
impacts at the population level, it is possible that
excessive interference from vessels may have impli-
cations such as energetic costs, as whales adjust their
behaviour.

One approach to evaluating the effects of vessel
presence on cetaceans involves assessing sequences
of behaviour states (Lusseau 2003). Because the
observed behaviour state is influenced by the pre-
ceding state, behaviour sequence data can be partic-
ularly useful for modelling changes in these states
due to external factors, such as vessel presence. Vari-
ations of this method have been demonstrated in a
small number of studies on odontocetes, including
bottlenose dolphins (Lusseau 2003), dusky dolphins
(Dans et al. 2008), common dolphins (Stockin et al.
2008) and killer whales (Williams et al. 2006). Very
few studies have previously documented sequential
behaviour states of mysticetes (e.g. Schaffar et al.
2009).

Humpback whales are medium-sized mysticete
whales with coastal migration in parts of their range.
Humpback whales from the E1 (eastern Australia)
breeding stock migrate up the east coast of Australia
in the austral winter to breed before returning south
to feed with newborn calves (Chittleborough 1965,
Brown et al. 1995, Noad et al. 2010). This population
was heavily decimated by coastal whaling in the
1950s, and the population collapsed by 1962 (Chittle-
borough 1965). Post-whaling surveys of the E1 popu-
lation were initiated in Queensland in 1978, and the
population is now recovering at close to the theoreti-
cal reproductive limit of the species, with an absolute
abundance exceeding 14 000 (Paterson et al. 1994,
Noad et al. 2010). During their northward migration,
the whales pass very close to shore off several major
urban centres, from where many commercial whale
watching vessels operate.

The fastest growth in whale watching in Australia
has occurred in New South Wales (NSW), with an
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estimated average annual growth of 14.7 % between
1998 and 2008 (O'Connor et al. 2009). Over the last
decade, a significant whale watching industry has
developed based out of Sydney, and in 2008 alone,
over 25000 people boarded dedicated vessels in
Sydney for the purpose of whale watching (IFAW
2004, O'Connor et al. 2009). To manage the rapidly
growing industry, the Australian National Guide-
lines for Whale and Dolphin Watching 2005 were
developed cooperatively by all Australian state and
territory governments in order to form a basis by
which states and territories could enact regulations
nationwide providing for safe and sustainable
cetacean watching in all Australian waters. NSW
was the first state to implement these guidelines as
state regulations (NSW National Parks and Wildlife
Amendment [Marine Mammals] Regulation 2006).
Although the guidelines provide defined approach
speeds, distances and angles, they are not based on
quantitative evidence. A greater understanding of
the behavioural impacts of interactions between
cetaceans and vessels is needed to assess the effi-
cacy of the existing guidelines and to provide an
empirical basis for these and any subsequent
amendments.

In this paper, we assess whether the presence of
vessels alters sequential changes in surface behav-
iour of migrating humpback whales on their northern
migration to the breeding grounds.

MATERIALS AND METHODS
Study site

Data were collected from Cape Solander in Bo-
tany Bay National Park, Sydney, Australia (34°01'S,
151°14'E; Fig. 1). The site was chosen because of its
elevation and unobstructed view of the study area.
Cape Solander is located at the south of the entrance
to Botany Bay and is a popular location for viewing
humpback whales on their annual northern migration
(Nicholls et al. 2000). Only the northern migration
was monitored for the purpose of our study, as
whales generally travel closer to shore than on the
southern migration. Cape Solander is also a transit
area for vessels entering and departing the bay,
including cargo ships, oil-carrying tankers, commer-
cial and recreational fishing vessels and tour boats.
The 31 m height of the observation area allowed for
relatively long-range viewing of whales and vessel
activity in the area. Importantly, as the observations
took place from land, we did not have to account for
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Fig. 1. Study area: Cape Solander, Sydney, Australia

(34°01'S, 151° 14'E)

a research boat effect on whale behaviour. Although
longer-range viewing was possible, only whales and
vessels within a 4 km radius of the land station were
considered for this study in order to reduce measure-
ment error.

Data collection

Data were collected between 16 June and 30 July
2006 and between 24 May and 31 July 2007, timed
to coincide with the peak of the northern migration
(Nicholls et al. 2000, Vang 2002). Observations
were made using the naked eye and 7 x 50 magni-
tude binoculars. Data were recorded using a Sokk-
isha SET4A theodolite (with a precision of +5 s of
arc, 30x magnification and set up at 1.473 m high),
connected to a laptop computer running the custom
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written software Cyclops© (Version 3.16, E. Kneist,
University of Newcastle). The theodolite simultane-
ously measured horizontal and vertical angles to a
target (measured from a reference point of known
latitude and longitude), which was plotted by
Cyclops© in real time.

All vessel activity in the area was monitored and
tracked using 15 min scan sampling (Martin & Bate-
son 1998). While pods were being tracked, vessels
were tracked opportunistically between every sur-
facing bout of the pod. Observations took place from
dawn to dusk (subject to daylight, but generally
06:30 to 17:00 h) on a near daily basis, dependent on
weather conditions. Observations were restricted to
no rain, and Beaufort states <3, as the ability to iden-
tify and monitor pods accurately decreased with rain
and higher Beaufort states.

At least 2 people constantly scanned to the south
for approaching pods. A pod was defined as either a
lone whale or a group of whales with members of the
group within 100 m of each other moving in the same
direction (Corkeron 1995).

When a pod was seen, initial observations included
identifying the number of animals in the pod and dif-
ferentiating between individuals. Humpback whales
generally travel in small groups; therefore, it is pos-
sible to distinguish individuals by the presence or
absence of natural markings on their backs and the
shape of their dorsal fins (Katona & Whitehead 1981,
Vang 2002). An individual animal was selected in the
pod by means of natural markings and used for con-
tinuous focal-animal sampling throughout the obser-
vation period (Mann 1999). Every surfacing event
was recorded for that individual, from the moment it
came into view, until it left the study site, or until vis-
ibility was hindered. The distance to vessels within
1 km of each surfacing was also recorded. When a
pod moved out of the study site, the next pod selected
for tracking was the southernmost pod in the study
area (if present).

No pods were observed swimming south during
the monitoring period, and the main calving/breed-
ing areas are more than 1000 km north of the study
site. Thus, for the purpose of this study, every pod
was assumed to be an independent observation.

Data extraction and classification

Only pods that were tracked for at least 15 min
were included for analysis. Any moving vessel that
came within 1000 m of a pod was considered to be
within the ‘interaction zone'.

Migrating humpback whales alternate series of
short periods at the surface with longer submer-
gences or dives (Chu 1988). In order to distinguish
short submergences during a surfacing interval
from longer dives, a log-survivorship curve of dive
times was constructed to define the bout criterion
interval (BCI; Martin & Bateson 1998). The point of
inflection determined the 'break point’' of the end-
ing of a surfacing event and the beginning of a
dive (Martin & Bateson 1998). Behaviour states
were defined as long behaviours of measurable
duration (in this case, the behaviours displayed at
each surfacing event), as opposed to behaviour
events which are brief, instantaneous behaviours,
usually measured as a frequency (such as a breach
or a tail slap; Altmann 1974, Mann 1999). For each
surfacing period, the activity of the whale was
assigned a behaviour state (Table 1), the preceding
behaviour state and the presence or absence of a
vessel within 1000 m. The behaviour state cate-
gories summarised the behaviours displayed during
the surfacing event.

Data analysis

Each surfacing event was recorded as an observa-
tion. Five binary variables were created, 1 for each of
the behavioural states (blow only; blow and fluke up
dive; blow and fluke down dive; surface active [no
dive]; surface active [with dive]). If, for example, a
whale was observed in the '‘blow and fluke up dive’
state, a ‘1" was recorded for that binary variable, and

Table 1. Megaptera novaeangliae. Five behaviour states of
humpback whales from Cape Solander, New South Wales,
designated for each surfacing period

Behaviour state  Description

Blow only Whale only surfaces to breathe, and
does not change its behaviour

Blow and fluke  Surfacing period includes a ‘fluke up

up dive dive' (generally signifying a long, deep
dive)

Blow and fluke  Surfacing period includes a ‘fluke

down dive down dive' (generally signifying a

short, shallow dive)

Active at the surface and does not dive.
Surface activity includes tail slap,
peduncle slap, pectoral slap, head slap
or any other activity at the surface

Surface active
(no dive)

Active at the surface and includes a
dive as part of the surfacing period

Surface active
(with dive)
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Os for the other 4 binary behavioural state variables.
Five logistic regression models were constructed, 1
for each behavioural state, and a random effect was
used to model within-pod clustering (the tendency
for whales within a pod to behave more similarly to
each other than whales in different pods), within the
framework of generalised linear mixed models (Zar
1999). Serial correlation between successive obser-
vations was accounted for by including the previous
behavioural state as a covariate. The presence of ves-
sels within 1000 m and the interaction of preceding
behaviour state with vessel presence were the other
covariates.

For all statistical analyses, a 5% significance level
was used. A significant vessel presence—behavioural
state interaction term indicated that the odds of
changing from the previous to the current behaviour
state depended on the presence of a vessel. We use
the term ‘odds’' following Zar (1999), where ‘odds' is
the ratio of the probability of an event occurring ver-
sus it not occurring, rather than the term ‘probabil-
ity’, which is the relative frequency. All statistical
analyses were performed using R (Version 2.9.1; R
Development Core Team 2009) with the package
‘Ime4’ (Bates & Maechler 2009).

Lusseau (2003) used Markov chain methods for
modelling changes in behaviour states. The 'mixed
model' logistic regression approach which we have
adopted is a valid alternative to this approach. It
allows the estimation of all of the parameters that we
need to evaluate changes in whale behaviour, while
also incorporating within-pod clustering and serial
correlation between successive states.

RESULTS

A total of 936 dives by 156 individual pods of
humpback whales were plotted to obtain an inflec-
tion point of 1.2 min. Therefore, every surfacing
period with a downtime of less than 1.2 min was
assigned a unique ‘surfacing’ number. Any down-
time longer than 1.2 min was considered a dive, and
the following surfacing was given the next consecu-
tive number. The frequency of behaviours observed
in the presence and absence of vessels is presented
in Table 2. The mean duration of tracking sessions
per pod was 34.68 + 14.16 min (range: 15 to 82 min).
The median pod size was 2 whales, with pods rang-
ing from 1 to 6 whales.

Results of the logistic regressions for the 5 be-
haviour states are shown in Tables 3-7, respectively.
The presence of a vessel significantly increased

the odds of changing to a ‘blow only’ state, when the
preceding behaviour states were '‘blow and fluke up
dive' (p = 0.006) or ‘surface active with dive' (p =
0.031), i.e. whales ceased undertaking deep dives
and curtailed activity at the surface, switching
instead to remaining at the surface and taking
breaths (Table 3, Fig. 2).

In addition, the presence of a vessel significantly
increased the odds of changing to a ‘blow and fluke
down dive’ state when the preceding behaviour state
was 'blow only' (Table 5; p = 0.028), i.e. whales
switched from remaining at the surface to taking
shallow dives (Fig. 3).

The odds of changing to a behavioural state are
computed as a product of the appropriate
odds ratios as given in Tables 3-7. For example,
the odds of changing to 'blow only’, with vessels
present and preceding behaviour state ‘blow and
fluke up dive’, is 1.368 x 0.388 x 0.246 x 2.858 =
0.373. This corresponds to a probability of 0.373 /
(1 +0.373) = 0.272.

Table 2. Megaptera novaeangliae. Frequency of behaviours
observed in the presence and absence of vessels

Behaviour state Vessels absent Vessels present

Blow only 277 101
Blow and fluke up dive 229 147
Blow and fluke down dive 68 29
Surface active (no dive) 52 28
Surface active (with dive) 24 19

Table 3. Megaptera novaeangliae. Logistic regression results
for behavioural state 'blow only’

Coeffi- SE  Odds P
cient ratio

Intercept 0.313 0.158 1.368 0.048
Vessel presence -0.946 0.266 0.388 <0.001

Previous state

Blow and fluke up dive -1.404 0.228 0.246 <0.001
Blow and fluke down dive -1.219 0.358 0.296 0.001
Surface active (no dive) -0.968 0.341 0.380 0.005
Surface active (with dive) -2.201 0.688 0.111 0.001

Vessel presence x Previous state

Vessel presence x Blow 1.05 0.381 2.858 0.006
and fluke up dive

Vessel presence x Blow 0.904 0.584 2469 0.122
and fluke down dive

Vessel presence x Surface 0.02 0.723 1.020 0.978
active (no dive)

Vessel presence x Surface 1.93 0.893 6.890 0.031
active (with dive)
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Table 4. Megaptera novaeangliae. Logistic regression results
for behavioural state ‘blow and fluke up dive’

Coeffi- SE Odds P

cient ratio
Intercept 0.325 0.181 1.384 0.073
Vessel presence -0.5 0.27 0.607 0.064
Previous state
Blow only -1.562 0.236 0.210 <0.001
Blow and fluke down -2.064 0.441 0.127 <0.001
dive

-2.077 0.485 0.125 <0.001
-0.801 0.489 0.449 0.101

Surface active (no dive)
Surface active (with

dive)

Vessel presence x Previous state

Vessel presence x 1.553 0.38 4.726 <0.001
Blow only

Vessel presence x Blow 1.881 0.624 6.560 0.003
and fluke down dive

Vessel presence x Surface 0.02 0975 1.020 0.984
active (no dive)

Vessel presence x Surface 0.388 0.742 1.474 0.601
active (with dive)

Table 5. Megaptera novaeangliae. Logistic regression results
for behavioural state ‘blow and fluke down dive’

Coeffi- SE Odds P
cient ratio

Intercept 0.208 0.264 1.231 0.432
Vessel presence -1.163 0.456 0.313 0.011

Previous state
Blow only -2.792 0.351 0.061 <0.001
Blow and fluke up dive -2.758 0.37 0.063 <0.001
Surface active (no dive) -18.774 1376.9 0.000 0.989

Surface active (with dive) -18.774 2109 0.000 0.993

Vessel presence x Previous state

Vessel presence x 1.359 0.619 3.892 0.028

Blow only

Vessel presence x Blow 0.933 0.639 2.542 0.144
and fluke up dive

Vessel presence x 1.163 2674.5 3.200 0.999

Surface active (no dive)

Table 6. Megaptera novaeangliae. Logistic regression results
for behavioural state ‘surface active (no dive)’

Coeffi- SE Odds p

cient ratio
Intercept -1.542 0.349 0.214 <0.001
Vessel presence 0.932 0.591 2540 0.115
Previous state
Blow only -1.728 0.427 0.178 <0.001

-3.211 0.769 0.040 <0.001
-18.336 2838.2 0.000 0.995

Blow and fluke up dive

Blow and fluke down

dive

Surface active (with dive) -0.606 0.655 0.546 0.355

Vessel presence x Previous state

Vessel presence x -0.906 0.817 0.404 0.267

Blow only

Vessel presence x Blow  0.501 1.03 1.650 0.626
and fluke up dive

Vessel presence x Blow
and fluke down dive

Vessel presence x

Surface active (with dive)

-0.413 3978.1 0.662 1

-0.697 1.025 0.498 0.496

Table 7. Megaptera novaeangliae. Logistic regression results
for behavioural state ‘surface active (with dive)’

Coeffi- SE  Odds )
cient ratio

-2.195 0.54 0.111 <0.001
-1.428 1.008 0.240 0.157

Intercept
Vessel presence

Previous state

Blow only

Blow and fluke up dive

Blow and fluke down
dive

Surface active (no dive)

-2.607 0.815 0.074 <0.001
-2.447 0.799 0.087 0.002
-2.243 1.405 0.106 0.11

-0.581 0.68 0.559 0.393

Vessel presence x Previous state

Vessel presence x Blow 1.687 1.468 5403 0.251
only

Vessel presence x Blow 2774 1241 16.023 0.025
and fluke up dive

Vessel presence x Blow 3.038 1.801 20.863 0.092
and fluke down dive

Vessel presence x 17.478 2109 3.9 x 107 0.993 Vessel presence x Surface 1.815 1.242 6.141 0.144
Surface active (with dive) active (no dive)
DISCUSSION behaviour changing to the current behaviour state as

The analysis of behavioural sequences is a power-
ful method of examining individual changes in
behaviour and provides insights into whether pre-
ceding behaviour states had consequences in the
face of change. We have shown that it is possible to
robustly apply generalised linear mixed models with
random effects to compute the odds of whales’

a function of the interaction between the preceding
behaviour state and the presence of vessels.

We found that whales were more likely to curtail
deep diving and activity at the surface and instead
to remain on the surface breathing when vessels
were within 1000 m. This is similar to behaviour
seen by Watkins (1986) when whale watching boats
approached humpback whales off Cape Cod, USA.
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Fig. 2. Megaptera novaeangliae. Odds of changing to be-
havioural state 'blow only' as a factor of the preceding be-
haviour state and vessel presence
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Fig. 3. Megaptera novaeangliae. Odds of changing to be-

havioural state ‘blow and fluke down dive' as a factor of the

preceding behaviour state and vessel presence. Odds were
zero for ‘surface active’

Further, whales were more likely to cease surface
breathing and switch to generally short, shallow
diving (‘fluke down dive'). The present study indi-
cates that northerly migrating whales off Sydney
are more likely to remain on the surface breathing
in the presence of vessels than they are to take
some form of vertical avoidance (deep, long dives).
In contrast, Stamation et al. (2010) found that
southerly migrating whales from the same popula-
tion but further south, in an area where feeding
occurs, showed longer submergences in the pres-
ence of vessels. Similarly, 2 decades ago, travelling
humpback whales on their southern migration but
further north, in a resting area off Hervey Bay, were
more likely to dive than to slip underwater in the
presence of vessels (Corkeron 1995). In the same

study, pods with calves that never dived in the
absence of vessels did so when vessels were pre-
sent, as well as ending activity at the surface
(Corkeron 1995). Given the changes in humpback
whale behaviour from avoidance to positive interac-
tions reported by Watkins (1986) over a similar time
span, behaviour responses of humpback whales in
Hervey Bay need revisiting. Cessation of surface
activity has also been recorded in Hawaii, USA,
where humpback whales decreased surface activity
when vessels came within ~800 m (Green & Green
1990). The significance of increased surface activity
is unknown, but the migratory corridor off Sydney
during the northerly migration is relatively narrow
(Nicholls et al. 2000, Vang 2002). It is possible that
the differences in the northward and southward
migration may be due to the oceanographic or topo-
graphic conditions. The southern migration tends to
be further offshore, in deeper water and with the
benefit of the Eastern Australian Current. It may be
that during the northern migration, whales are con-
strained by shallower water and the boundary of the
southerly flowing current, which may preclude a
deep diving ‘escape’ response and favour a surface
‘vigilance' response.

That these whales consistently spent more time at
the surface in the presence of vessels and did not
respond by diving and swimming away, suggests
that vessels did not in general invoke a flight
response. Rather, animals became relatively quiet in
response to vessel presence. It appears that at least
for northerly migrating adult humpback whales, the
current Australian national guidelines (‘National
Guidelines for Whale and Dolphin Watching 2005')
and state regulations are probably appropriate in
terms of minimising disturbance. However, the
reports by Stamation et al. (2010) and Corkeron
(1995) are of different, highly variable responses by
whales on their southern migration in resting or feed-
ing areas or accompanied by calves, suggesting that
caution must be used in generalising across different
life stages and/or time periods.

The effects reported in this study were a function of
vessel presence, regardless of vessel type. We refer
to the national guidelines and state regulations, as
they are applicable to all recreational and commer-
cial vessels.

One of the challenges in studying animal behav-
iour is to take into account individual variation when
making general conclusions. The method used in this
study addressed individual variation by including
individuals as a random effect. Measures of variance
were universally low, indicating little individual vari-
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ation in migratory humpback whale responses. This
is in stark contrast to the cross-sectional reports of
differences by Stamation et al. (2010). The responses
reported in our study therefore appear broadly ap-
plicable to adult humpback whales on their northerly
migration at this particular location.

We detected consistent, low-level changes in be-
haviour states. This does not necessarily indicate long-
term detrimental effects. Every new behavioural
occurrence need not be automatically interpreted as
a response to deleterious human pressures (Wolfson
1977). Many of the locations where whale watching
is intense and has occurred for decades have seen a
concurrent increase in whale numbers (i.e. hump-
back whales in Maui and gray whales off the west
coast of North America; e.g. Calambokidis et al.
2008, Punt & Wade 2010) and amelioration of
responses (Watkins 1986). Thus, the contention of
some studies that suggest behavioural change
induced by whale watching activities invariably
reflect negative impacts for whales is not borne out
by constraints on population recovery. Behaviour is
likely to be influenced by internal motivational fac-
tors, as well as external factors, such as environmen-
tal parameters and disturbances (Slooten 1994).
Given that the estimated rate of increase in the E1
breeding stock is 10.9% yr~! (95% CI: 10.5-11.3 %),
which is close to a theoretical estimate of the maxi-
mum rate of growth (r,), and that this is a long-term
trend over at least the last 26 yr (Noad et al. 2010), it
appears that for this population at least, adult hump-
back whales migrating to their breeding grounds
may be relatively robust to disturbance by whale
watching.
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