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Abstract

A study was conducted to assess the behavioural
response of southern right whales (Eubalaena
australis) to human-induced disturbance in Bahia
San Antonio, Province of Rio Negro, Argentina.
Behavioural observations were made from June to
October in 2008, 2009, and 2010. Aerial observa-
tions carried out in 2010 show that up to one third
of the whale groups were mating groups, indicat-
ing that the study area is an important reproduction
area for the species. The study compares 65.8 h (on
a total effort of 120.3 h and 24 groups of whales) of
land-based “undisturbed” whale behaviour obser-
vations to 43.6 h of boat-based whale behaviour
in a “disturbed” state (total effort of 326.1 h and
34 groups of whales). Analysis of the behavioural
data show that whales significantly altered their
behaviour by cutting social interactions short (on
average 13%) when confronted with human short-
range presence. At the same time, travelling whales
experienced a significant increasing tendency to
continue travelling (+21%) instead of starting to
rest (-21%). However, social behavioural patterns
returned swiftly to normal levels after the approach
had ended, with a relative increase in “resting”
(+18%) as opposed to “travelling” (-30%) rates.

These data show that whale behaviour is altered
by human approaches, pointing out the need for
effective conservation measures and mitigation
of behavioural impacts in relation to whale-based
tourism.
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Introduction

The distribution of the southern right whale
(Eubalaena australis) ranges from 18° S to 50° S

(de Oliveira Santos et al., 2001). Every year, the
whales migrate from their Sub-Antarctic summer
feeding grounds to the coasts of the southern conti-
nents and islands, mainly to calve and mate (Payne,
1976; Whitehead et al., 1986; Payne et al., 1990;
Best, 2000; Rowntree et al., 2001). In recent decades,
the population of southern right whales is recover-
ing from historical whaling (Best & Underhill, 1990;
Payne et al., 1990; Cooke et al., 2001), and histori-
cal wintering grounds are gradually being repopu-
lated (de Oliveira Santos et al., 2001; Iiiguez et al.,
2003; Piedra et al., 2006). This trend has also been
observed in the study area of Bahia San Antonio,
Province of Rio Negro, Argentina (Failla et al.,
2008). This apparent increase in right whale presence
in Rio Negro consequently led to an increased inter-
est in this species for local whale-based tourism.

In Argentina, the southern right whale was
declared a “Natural Monument” in 1984, assign-
ing the maximum national protection status to
the species. Over the years, all the Argentine
Patagonian provinces also separately assigned
protective statuses to this species. As such, in
2006, the province Rio Negro declared the south-
ern right whale a “Natural Monument” within the
provincial law 4066/06, and they endorsed within
this same law whale-based tourism, including
both whale-watching and swimming-with-whales
activities, the latter being unique in the country.

Boat-based whale-watching, and especially
swimming-with-whales, is a touristic activity that
has been debated in Argentina for several years.
Although legal in Rio Negro and being increas-
ingly commercialized, no regulations or conserva-
tion measures are in place, and no controlling body
has been assigned to ensure the sustainability of
the activity. As a consequence, whales are being
approached often in a fast and uncontrolled way.

Although the majority of cetacean-based tour-
ism worldwide is boat-based and does not include
swimmers entering the water, swimming with large
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whales occurs in at least 20 locations globally,
including areas where it is strictly forbidden (Chubut,
Argentina and Azores, Portugal) (Rose et al., 2003;
Lundquist et al., 2008). In general, very few studies
have examined the behavioural impact of swim-with
activities on large whales (e.g., see Valentine et al.,
2004), and the few data available are often based on
opportunistic interactions under uncontrolled con-
ditions (Ritter & Brederlau, 1999; Kiefner, 2002;
Magalhaes et al., 2002), making the short- and long-
term consequences of this activity hard to estimate.
This study aims to determine if southern right whales
undergo a change in behaviour in response to con-
trolled human approaches in the study area, both by
vessels and swimmers in the water, and whether the
initial behaviour of the whale can be used to predict
their behavioural reaction. This information seems
essential at this time of creating and implementing
adequate conservation measurements.

Materials and Methods

Data were collected in Bahia San Antonio, a rela-
tively shallow bay (maximum depth 30 m) located
in the northwestern region of the San Matias
Gulf (40°50' S, 64°50" W), Ri6 Negro, Patagonia,
Argentina (Figure 1).

Behavioural Observations

Behavioural observations of southern right whales
were made during the months of June to October
of 2008, 2009, and 2010, both from the shore and
from a small boat. Boat-based surveys were car-
ried out from a dedicated research vessel (KIEL
zodiac [4.6 m] with a Suzuki 40 hp outboard
motor). Land-based observations were made
by two observers from a 20-m cliff using Nikon
binoculars 8 x 40, a Kowa telescope TSN-822
20-60 x 82, and a Kenko Volare telescope 20 x 50.
Undisturbed behavioural data were collected from
the land-based observations as it was assured that
no vessels were in the water during the survey
time.

At all times, whales were chosen for observa-
tion based on their visibility and proximity to the
observers. All data were noted on standardized
observation sheets.

A group of whales was determined as two or
more whales at a distance less than three body
lengths of an adult whale (approximately 45 m;
Cassini & Vila, 1990). When whales were observed,
data were recorded on group size and composition
using the following categories: (1) solitary whale;
(2) mother and calf (M&C), defined as an adult
whale in close association with a whale notably
smaller in size with orange-coloured callosities;
(3) Surface Active Group (SAG), defined by their
apparent courtship behaviour (Kraus & Hatch,

2001); and (4) non-classified groups (NC groups,
including non-SAG; Best et al., 2003).

Focal animal observations (Altmann, 1974;
Martin & Bateson, 1993) were used to record
instantaneous individual point samples of the
behavioural patterns of a focal whale every 5 min
using three mutually exclusive behavioural states
following the assumptions of Lusseau (2003) and
as applied previously by Lundquist et al. (2008):
(1) rest when the animal is motionless in the water;
(2) travel when the animal is moving from one
location to another leaving surface “footprints”;
and (3) socializing and or aerial activity (social/
AA) when the animal is causing white water at
the surface by rolling, breaching, tail- or flipper-
slapping, or when the focal animal is actively rub-
bing, touching, or circling around another whale.
A behaviour pattern was defined as “not classi-
fied” (NC) when it could not be clearly assigned to
one of these behavioural states. In the case when
a vessel was involved, it was recorded whether the
whale approached the boat (orienting and moving
in the direction of the vessel), was neutral to the
boat (no movement towards or away from the
vessel), or avoided the boat (orienting and moving
away from the vessel). It was also noted whether
the boat approached the whale actively (orient-
ing and moving in the direction of the whale),
remained neutral (no movement towards or away
from the whale), or moved away from the whale
(orienting and moving away from the whale).

During boat-based observations, whales were
approached from their side in a slow and controlled
way to evaluate the impact of this interaction on
their undisturbed behavioural patterns. In case
swimmers were involved, they were placed slowly
in the water at a maximum distance of 100 m from
the whale. At all times, swimmers remained within
50 m of the vessel and stayed in the water until the
whale had moved more than 100 m from the swim-
mer. Behavioural observations were made before a
boat approaches (BI), during a boat approach and/
or swimmer interaction (DI), and after swimmers
exited the water and/or the boat left the area (Al)
(adapted from Bejder & Samuels, 2004; Lundquist
etal., 2008). Before was defined as all activity from
the moment behavioural observations started to the
moment the boat first approached a distance of
500 m from the animal. During began when the boat
approached within 500 m of the animal, including
the entire time the boat was near the whale and/or
the swimmers were in the water, and ended when
the boat travelled more than 500 m from the animal.
After was then defined as when the boat returned to
the coast and travelled more than 500 m from the
whale. When whales showed an avoidance behav-
iour as defined above, they were approached no
more than two times to exclude cumulative effects
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of disturbance. Distance between the whale and
boat was estimated using a range stick and a trained
observer. The behavioural observations were made
using Nikon binoculars 8 x 40 when necessary.

The behavioural data were then analysed as
a series of time-discrete Markov chains as sug-
gested by Lusseau (2003) and Lundquist et al.
(2008). A first-order Markov chain was used to
build a matrix of preceding behavioural patterns
vs succeeding behavioural patterns for each tran-
sition within the BI, DI, and Al chains. Transition
probabilities (from preceding to succeeding
behavioural pattern) were determined in the BI,
DI, and AI chains by dividing the number of times
a transition from preceding behavioural pattern i
to succeeding behavioural pattern j was observed
by the total amount of times behaviour i was seen
as the preceding behavioural pattern.

This analysis was performed on the entire data-
set regardless of group composition of the whales.
Despite being rather limited, the dataset was frac-
tioned to take into account the interaction type
(boat vs boat + swimmers). When comparing the
calculated transition probabilities between the BI,
DI, and Al chains, a Z-test for proportions (Fleiss,
1981) was used to test whether the interactions
had a significant effect on the behavioural pat-
terns of the whales. All statistical analyses were
performed using the software STATISTICA 7.0
(StatSoft, Inc., 2004) and Zar (1996).

Aerial Surveys

Additionally, monthly aerial surveys were con-
ducted in Bahia San Antonio from August to
November 2010. These surveys were conducted
in the frame of another research topic concern-
ing relative abundance of whales in the area, and
only obtained data on group size and composition
were used in this study. The aerial transects were
designed using DISTANCE 5.0 (Thomas et al.,

2010) and consisted of 14 parallel North-South (up
to S 40.9°) transect lines with a 2.5 km separation,
covering a total surface of 418 km? (mean cover-
age probability [CP] = 0.78; Figure 1). Transect
length was determined by safety restrictions on
the airplane.

Aerial surveys were conducted in good weather
conditions and calm sea states (Beaufort 3 or less)
using a high-wing Cessna 152 with flat windows.
Due to the small size of the aircraft, only one
person could travel next to the pilot during each
flight. Hence, observations were made to one side
only. Average speed and altitude of the aircraft
were kept constant during the surveys at 90 kts
(166 km/h) and 213 m, respectively.

When a group of one or more whales was
sighted, data were recorded on species, location
(using a Garmin GPSMap 60CSx; WGS 84), time,
and group size.

Results

Aerial Surveys

In total, four aerial surveys were conducted,
resulting in a total flight time of 8.2 h. During
these surveys, 131 whales (including calves)
were observed in 60 groups, which were distrib-
uted evenly throughout the entire bay. Individual
group sizes ranged from one to five whales with a
mean group size of 1.6 animals (SD = 0.83). Most
encounters were solitary animals (58%), followed
by active mating groups (SAG; 35%), NC groups
(5%), and M&C pairs (2%) (Figure 2); these
encounters remained relatively constant across the
different aerial surveys.

Land-Based Observations

The total land-based observation effort amounted
to 120.3 h. This effort resulted in 65.8 h of undis-
turbed behavioural data of 24 focal whales (chosen

Figure 1. Study area and transect design for aerial surveys; star indicates site of land-based observations.
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Figure 2. Group composition of southern right whales in the study area (aerial surveys 2010; N = 60); SAG = Surface Active

Group, NC = not classified, and M&C = mother and calf.

by proximity to observation point) consisting
of solitary whales (46%), focal whales in SAGs
(33%), and NC groups (21%). No M&C pairs
were seen from land. Results indicated that the
undisturbed time-budget of these whales included
mainly social/AA behavioural pattern (42% of
their time-budget) and travel (41%), whereas rest-
ing accounted only for 11% (the other 6% of the
behavioural patterns could not be classified accu-
rately due to the large distance).

Boat-Based Observations

Boat-based observation effort amounted to 326.1 h
(or 2,145 km) of which 77.6 h was spent in the
presence of 74 focal whales, chosen based on vis-
ibility and proximity to the boat. Focal whales
were solitary in 35% of the encounters, whereas
42% were found in a SAG, 21% in an NC group,
and only 1% was a female with an associated calf.
As only a very low number of M&C pairs (n = 1)
were observed, and previous studies already indi-
cated that M&C pairs are most affected by inter-
actions with humans (Payne, 1986; Lundquist
et al., 2008), they were disregarded here for fur-
ther analysis. All other data were further analysed
regardless of group composition and age class of
the focal whale.

Behavioural Response to Human Approaches
To ensure the quality of the data, observations
were selected that included at least 15 min in

each of the BI, DI, and Al segments, resulting in
a total of 43.6 h of behavioural data of 34 whale
groups for analysis (9.6 h BI; 25.3 h DI; 8.7 h AI).
Out of these whale groups, 20 were approached
only by a boat and 14 with a boat and one or
more swimmers. The time-budget of these whales
before interaction included mostly social/AA
behavioural patterns (66%), with the other 34%
equally divided between resting and travelling.
This time-budget was altered during an interaction
and returned more or less to previous levels imme-
diately after the interaction had ended (distance to
whale > 500 m) (Figure 3).

To test whether the behavioural data in the BI
chain could be used as “undisturbed” behaviour,
a comparison was made between the transition
probabilities resulting from the behavioural data
of land-based observations (without vessels in the
water and, thus, without impact) and the ones of
boat-based observations at a distance > 500 m (BI).
As no significant differences could be found in the
transition probabilities resulting from both types
of observations, it was suggested that the BI chain
could be used as “undisturbed” behavioural data to
measure the impact of anthropogenic approaches
on the behavioural state of the whales.

The decrease in the proportion of time a whale
spent in a social/AA behavioural pattern during an
interaction shown in Figure 3 was also reflected in
adecrease of the transition probability between the
Bl and DI segments (-13%; p <0.05). Furthermore,
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Figure 3. Proportion of time spent in each behavioural state before, during, and after an interaction in Bahia San Antonio

(n = 34 focal whales)

the probability of a travelling whale starting to
rest during an interaction decreased significantly
(-21%; p < 0.05), whereas the probability of it
continuing to travel at that time increased signifi-
cantly by 21% (p < 0.05) (Figure 4). A comparison
between the DI and Al chains showed a significant
increase in the transition probability from travel to
rest (+18%) and a significant decrease in the tran-
sition from travel to travel (-30%). Comparing the
BI and AI chains showed no significant alterations
of the behavioural patterns after an interaction had
ended (p > 0.05 on all transitions).

Although sample sizes were relatively small,
the transition probabilities of BI and DI were anal-
ysed separately for interactions with only boat vs
boat + swimmer. When whales were approached
by only boats (n = 20 focal whales), a signifi-
cant decrease was seen in the probability of a
whale remaining in a social/AA behaviour (-11%;
p <0.05) and altering their behaviour from travel-
ling to resting (-29%; p < 0.05). When swimmers
were also involved in the interaction, a stronger
decrease could be found in the probability of a
whale remaining in a social/AA behavioural pat-
tern (-32%), but this change did not test as signifi-
cant, possibly due to a small sample size (n = 14
focal whales; p = 0.07).

The reaction of whales (n = 74 focal whales)
was analysed in relation to the activity of the boat

(either actively approaching the whale, remaining
still with the engine off, or moving away from the
whale) and the distance of the boat to the whale.
Most of the time, whales neither approached nor
avoided the boat actively (NC in 80% of the sam-
ples). Most avoidance behaviour was recorded
when the boat came closer than 500 m to the
whale while approaching the animal. The whales
hardly ever approached the boat (6% of the time)
and, if so, only when the boat was still with the
engine turned off at < 100 m (Figure 5).

Discussion

Although overall most of the commercial whale-
based tourism does not involve swimmers entering
the water (Hoyt, 2001), this “adventurous” form
of ecotourism is increasing globally (Bejder &
Samuels, 2004). Most of these swim-with activi-
ties are based on small cetaceans, but nonetheless,
swimming with large whales occurs in at least
20 locations globally (e.g., with dwarf minke
whales [Balaenoptera acutorostrata] in Australia
[Arnold & Birtles, 1999] and humpback whales
[Megaptera novaeangliae] in the South Pacific
[Constantine, 1998; Orams, 1999]).

Generally, previous studies on swim-with
activities have demonstrated changes in behav-
iour of the cetaceans involved, including increase
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Figure 5. Response of southern right whales in relation to boat activity and distance (n = 74 focal whales); Legend: AP =
whale approaches boat, NC = not classified/neutral, and AV = whale avoids boat.

of avoidance (Constantine et al., 2003), increased
risk of injury or death due to food provisioning
(Samuels & Bejder, 2004), and increased commu-
nication and echolocation (Scarpaci et al., 2000).
Nevertheless, most of these data come from stud-
ies on small cetaceans (Valentine et al., 2004),
and although data for other cetacean species may

apply to large whales, the behavioural differences
between small and large cetaceans are enough
to require further investigation on the impact
on larger whales specifically (Lundquist, 2007).
Data presented in this study are therefore of high
importance as they might give a clearer insight
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on the reaction of larger whales to this upcoming
form of “adventurous whale-based tourism.”

This study indicated that the initial behavioural
pattern of the southern right whales can be used
as a tool to predict the whales’ behavioural reac-
tions towards anthropogenic approaches. Data
reconfirmed that whales are affected in their
social/AA behavioural patterns when approached
by a vessel (Cammareri & Vermeulen, 2010), and
the data further suggest that whales will signifi-
cantly increase their tendency to continue travel-
ling rather than starting to rest when an interac-
tion occurs. Although social behavioural patterns
fell back to normal levels after an interaction
had ended, travelling whales then significantly
increased their resting behaviour and decreased
travelling, raising questions on the existence of a
long-term impact of the activity. Overall, previous
studies in Argentina have described short-term
impacts of human interactions on the behavioural
patterns of southern right whales (Rivarola et al.,
2001; Lundquist et al., 2008), and dusky and
Commerson’s dolphins (Lagenorhynchus obscu-
rus and Cephalorhynchus commersonii, respec-
tively; Coscarella et al., 2003), but up to today,
the long-term effects remain unclear (Rivarola
et al.,, 2001). In this evaluation, however, it is
essential to consider that in this study whales were
approached in a slow and controlled way by one
small research vessel; and when a whale avoided
the boat, not more than two approach attempts
were made. Therefore, it is crucial to take into
account that no data are available yet on possible
cumulative effects of repetitive and uncontrolled
human-induced impacts.

As for a determination of an “impact-zone,”
whales did not appear to respond (e.g., avoid or
approach the boat actively) until the boat entered
a 500-m zone from the animal, after which most
avoidance behaviour started to occur. These find-
ings, combined with the absence of significant
differences between the transition probabilities of
the control data from land-based observations and
the BI chain (> 500 m), suggest that impacts begin
to occur at distances of 500 m.

It was assumed that the presence of swimmers
would increase the impact on the whale’s behav-
ioural patterns due to increased disturbance as was
suggested previously by Lundquist et al. (2008).
In swimming-with-whales activities, boats must
approach the whales closely and quickly enough
to get the swimmers in the water close to the
whales, thus generating more disturbance for the
whales. The recorded impacts of interactions with
swimmers were not significantly stronger but were
most likely due to the small sample size.

General data for the study area indicated that
one-third of the whale encounters were mating

groups, suggesting that the area is important for the
reproduction of southern right whales (Cammareri
& Vermeulen, 2008, 2010). The data further
showed that few M&C pairs were present in the
study area, indicating that Bahia San Antonio is
not a calving nor nursing ground. According to
Payne (1986), M&C pairs are the most vulnerable
demographic component, but due to their very
low presence in the study area, no data could be
gathered on their specific reaction towards human
approaches. Nevertheless, a similar research study
conducted in Argentina recently reconfirmed their
particular vulnerability towards anthropogenic
approaches and suggested that these whale groups
should be excluded from whale-based tourism at
all times (Lundquist et al., 2008). Furthermore,
having indicated the significant effect of human
disturbance on the social behaviour found mainly
in mating groups, and understanding the impor-
tance of this behaviour in the reproduction and
social learning of juvenile animals (Sironi, 2004),
it seems important that the interaction with mating
groups is limited and should be controlled in regu-
lations and practice.

Generally, the commercialization and execu-
tion of whale-watching activities, with or without
swimmer interactions, should remain under regu-
lation. They need to be monitored and controlled
in order to minimize their impact on the whales in
the region. Doing so, potential long-term impacts
can be kept to a minimum, especially when consid-
ering the possible importance of the region for the
reproduction of the species. Therefore, continuous
research seems vital to determine more accurately
the influence of group composition, age class, and
interaction type (whale-watching vs swim-with-
whales activities) as well as the degree of impact
(e.g., cumulative effects) the whale experiences
when affected by human approaches.

Acknowledgments

This study was funded by the Rufford Small Grants
Foundation. We thank the Consejo de Ecologia y
Medio Ambiente de Rio Negro (CODEMA) and
the Direccion de Fauna Silvestre de Rio Negro
for the necessary research permits. The quality
of this paper was improved with the help of Dr.
Stefan Bréger, Dr. Luk Mertens, and MSc. James
Thorburn. Special thanks go to Ignacio Espinosa
for the logistics of the aerial surveys. Many thanks
go to Mariela Pazos, Jorge Baraschi, Hernin
David, Natalia Sarra, and Ozvaldo Zuliani for
their help during the field work.



Alteration of Southern Right Whale Behavior 63

Literature Cited

Altmann, J. (1974). Observational study of behavior:
Sampling methods. Behavior, 49,227-267. http://dx.doi.
org/10.1163/156853974X00534

Arnold, P. W., & Birtles, R. A. (1999). Towards sustain-
able management of the developing dwarf minke whale
tourism industry in northern Queensland (Report by
CRC Reef Research Centre). 30 pp. [Available from
CRC Reef Research Centre, Townsville, Queensland,
Australia at www.reef.crc.org.au].

Bejder, L., & Samuels, A. (2004). Evaluating the effects
of nature-based tourism on cetaceans. In N. Gales,
M. Hindell, & R. Kirkwood (Eds.), Marine mammals:
Fisheries, tourism and management issues (pp. 229-256).
Collingwood, Victoria, Australia: CSIRO Publishing.

Best, P. B. (2000). Coastal distribution, movements
and site fidelity of right whales FEubalaena aus-
tralis off South Africa, 1969-1998. South African
Journal of Marine Science, 22, 43-55. http://dx.doi.
0rg/10.2989/025776100784125618

Best, P. B., & Underhill, L. (1990). Estimating population
size in southern right whales, Eubalaena australis, using
naturally marked animals. Report of the International
Whaling Commission, (Special Issue 12), 279-288.

Best, P. B., Scheaff, C. M., Reed, D., & Palsboll,
P. J. (2003). Composition and possible function of
social groupings of southern right whales in South
African waters. Behaviour, 140, 11-12. http://dx.doi.
org/10.1163/156853903771980675

Cammareri, A., & Vermeulen, E. (2008). Southern right
whales (Eubalaena australis): A new touristic attraction
in the Natural Protected Area Bahia de San Antonio,
northeast Patagonia. Journal of Cetacean Research and
Management (SC/60/BRG2).

Cammareri, A., & Vermeulen, E. (2010). Behavioral
response of southern right whales (Eubalaena australis)
to anthropogenic approaches in Bahfa San Antonio, Rio
Negro, Argentina. Journal of Cetacean Research and
Management (SC/62/WW1).

Cassini, M. H., & Vila, B. L. (1990). Cluster analysis of
group types in southern right whale (Eubalaena austra-
lis). Marine Mammal Science, 6(1), 17-24. http://dx.doi.
org/10.1111/j.1748-7692.1990.tb00222.x

Constantine, R. (1998). Whale, dolphin and turtle based
tourism in Niue (Report submitted to the Niuean Tourism
and Private Sector Development Implementing Agency
of the Niue Government and Niue Tourist Authority).
19 pp.

Constantine, R., Brunton, D., & Baker, C. (2003). Effects of
tourism on behavioral ecology of bottlenose dolphins of
northeastern New Zealand (Department of Conservation
Internal Series 135). Wellington: New Zealand
Department of Conservation. 26 pp.

Cooke, J. G., Rowntree, V. J., & Payne, R. (2001).
Estimates of demographic parameters for southern right
whales (Eubalaena australis) observed off Peninsula

Valdés, Argentina. Journal of Cetacean Research and
Management, (Special Issue 2), 125-132.

Coscarella, M. A., Dans, S. L., Crespo, E. A., & Pedraza,
S. N. (2003). Potential impact of unregulated dolphin
watching activities in Patagonia. Journal of Cetacean
Research and Management, 5, 77-84.

de Oliveira Santos, M. C., Siciliano, S., Pacheco de Souza,
S. H., & Altmayer Pizzorno, J. L. (2001). Occurrence
of southern right whales (Eubalaena australis) along
southeastern Brazil. Journal of Cetacean Research and
Management, (Special Issue 2), 153-156.

Failla, M., Vermeulen, E., Carabajal, M., Arruda, J., Godoy,
H., Lapa, A., . . . Cammareri, A. (2008). Historical
records of southern right whales (Eubalaena australis) of
the province of Rio Negro, North Patagonia, Argentina
(1991-2008) (Paper SC/60/BRG1). Unpublished paper
presented to the International Whaling Commission
Scientific Committee. 9 pp.

Fleiss, J. L. (1981). Statistical methods for rates and pro-
portions. New York: Wiley.

Hoyt, E. (2001). Whale watching 2001 — Worldwide tour-
ism, numbers, expenditures and expanding socioeco-
nomic benefits (Report to IFAW, Crowborough, Sussex,
UK). 157 pp. [Available from IFAW].

Iifguez, M., Belgrano, J., Tomsin, A., de Haro, C., Gribaudo, C.,
& Tossenberg, V. (2003). Sightings and stranding of south-
ern right whales (Eubalaena australis) off Santa Cruz,
Patagonia, Argentina (1986-2003) (Report SC/55/BRGS).
Report to the Scientific Committee of the International
‘Whaling Commission, Berlin, Germany.

Kiefner, R. (2002). Whales & dolphins — Cetacean world
guide. Hackenheim, Germany: IKAN Unterwasserarchiv.
305 pp.

Kraus, S. D., & Hatch, J. J. (2001). Mating strategies in
the North Atlantic right whale (Eubalaena glacia-
lis). Journal of Cetacean Research and Management,
(Special Issue 2), 237-244.

Lundquist, D. J. (2007). Behaviour and movement of south-
ern right whales (Eubalaena australis): Effect of boats
and swimmers (Master’s thesis). Texas A&M University,
College Station.

Lundquist, D., Sironi, M., Wiirsig, B., & Rowntree, V.
(2008). Behavioral response of southern right whales
to stimulated swim-with-whale tourism at Peninsula
Valdes, Argentina. Journal of Cetacean Research and
Management (SC/60/WW4).

Lusseau, D. (2003). Effects of tour boats on the behavior
of bottlenose dolphins: Using Markov chains to model
anthropogenic impacts. Conservation Biology, 17,
1785-1793. http://dx.doi.org/10.1111/j.1523-1739.2003.
00054.x

Magalhaes, S., Prieto, R., Silva, M. A., Goncalves, J.,
Alfonso-Dias, M., & Santos, R. S. (2002). Short-term
reactions of sperm whales (Physeter macrocepha-
lus) to whale-watching vessels in the Azores. Aquatic
Mammals, 28(3), 267-274.



64 Vermeulen et al.

Martin, P., & Bateson, P. (1993). Measuring behaviour
(2nd ed.). Cambridge, UK: Cambridge University
Press.

Orams, M. B. (1999). The economic benefits of whale
watching in Vava'u, the Kingdom of Tonga. Unpublished
report to the Centre for Tourism Research, Massey
University, Albany, New Zealand. 65 pp. [Available
from www.massey.ac.nz].

Payne, R. (1976). At home with right whales. National
Geographic, 149, 322-339.

Payne, R. (1986). Long term behavioural studies of the
southern right whale, Eubalaena australis. Journal of
Cetacean Research and Management, (Special Issue
10), 161-167.

Payne, R., Rowntree, V. J., & Perkins, J. S. (1990).
Population size, trends and reproductive parameters
of right whales (Eubalaena australis) off Peninsula
Valdés, Argentina, Report of the International Whaling
Commission, (Special Issue 12), 271.

Piedra, M., Costa, P. L., & Franco-Fraguas, P. (2006).
Ballena franca Eubalaena australis en la costa atldntica
Uruguay [Southern right whales (Eubalaena austra-
lis) off the Atlantic Coast of Uruguay]. Buenos Aires,
Argentina: VIDA SILVESTRE (Sociedad Uruguaya para
la Conservacion de la Naturaleza).

Ritter, F., & Brederlau, B. (1999). Behavioral observa-
tions of dense beaked whales (Mesoplodon densirostris)
off La Gomera, Canary Islands (1995-1997). Aquatic
Mammals, 25(1), 55-61.

Rivarola, M., Campagna, C., & Tagliorette, A. (2001).
Demand-driven commercial whalewatching in Peninsula
Valdés (Patagonia): Conservation implications for right
whales. Journal of Cetacean Research and Management,
(Special Issue 2), 145-151.

Rose, N. A., Weinrich, M., & Finkle, M. (2003). Swim-with-
whales tourism — A preliminary review of commercial
operations (Paper SC/55/WW/4). Unpublished paper
presented to the International Whaling Commission
Scientific Committee.

Rowntree, V. J., Payne, R. S., & Schell, D. M. (2001).
Changing patterns of habitat use by southern right
whales (Eubalaena australis) on the nursery ground
at Peninsula Valdés, Argentina, and in their long-
range movements. Journal of Cetacean Research and
Management, (Special Issue 2), 133-143.

Samuels, A., & Bejder, L. (2004). Chronic interaction
between humans and free-ranging bottlenose dolphins
near Panama City Beach, Florida, USA. Journal of
Cetacean Research and Management, 6, 69-77.

Scarpaci, C., Bigger, S. W., Corkeron, P. J., & Nugegoda,
D. (2000). Bottlenose dolphins (Tursiops truncatus)
increase whistling in the presence of swim-with-dol-
phin operations. Journal of Cetacean Research and
Management, 2, 183-185.

Sironi, M. (2004). Behavior and social development of
Jjuvenile southern right whales (Eubalaena australis) and
interspecific interactions at Peninsula Valdés, Argentina

(Ph.D. thesis). University of Wisconsin—Madison. 198
pp-

StatSoft, Inc. (2004). STATISTICA (data analysis software
system), version 7. Retrieved 18 January 2012 from
www.statsoft.com.

Thomas, L., Buckland, S. T., Rexstad, E. A., Laake, J. L.,
Strindberg, S., Hedley, S. L., ... Burnham, K. P. (2010).
Distance software: Design and analysis of distance sam-
pling surveys for estimating population size. Journal of
Applied Ecology, 47, 5-14. http://dx.doi.org/10.1111/
j-1365-2664.2009.01737.x

Thomas, P. O., & Taber, S. M. (1984). Mother-infant inter-
action and behavioral development in southern right
whales, Eubalaena australis. Behaviour, 88, 42-60.
http://dx.doi.org/10.1163/156853984X00470

Valentine, P. A., Birtles, M., Curnock, A. P., & Dunstan, A.
(2004). Getting closer to whales: Passenger expecta-
tions and experiences, and the management of swim
with dwarf minke whale interactions in the Great Barrier
Reef. Tourism Management, 25, 647-655. http://dx.doi.
org/10.1016/j.tourman.2003.09.001

Whitehead, H., Payne, R., & Payne, M. (1986). Populations
estimate for the right whales off Peninsula Valdés,
Argentina 1971-76. Report of the International Whaling
Commission, (Special Issue 10), 169-171.

Zar, J. H. (1996). Biostatistical analysis. Upper Saddle
River, NJ: Prentice Hall. 662 pp.



	AM 38.1 Vermeulen 1
	AM 38.1 Vermeulen 2
	AM 38.1 Vermeulen 3
	AM 38.1 Vermeulen 4
	AM 38.1 Vermeulen 5
	AM 38.1 Vermeulen 6
	AM 38.1 Vermeulen 7
	AM 38.1 Vermeulen 8
	AM 38.1 Vermeulen 9

