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Abstract

Small research vessels are often used as platforms for tagging activities to collect
behavioral data on cetaceans and they have the potential to disturb that group or
individual. If this disturbance is ignored, results and conclusions produced by that
study could be inaccurate. Here land-based behavioral data of migrating humpback
whales (Megaptera novaeangliae) (n = 29) were used to determine the effect of close
approaches for tagging by research vessels on their diving, movement and surface
behaviors. Groups of whales were tagged, using digital recording tags, by small
research vessels, as part of a behavioral response study. In groups that were
approached for tagging, temporary changes in movement behaviors during close
approaches were found, with subsequent recovery to “pre-approach” levels. In
female-calf groups more long-term changes in travel speed were found. Results sug-
gest that, although close approaches for tagging by small vessels may cause behav-
ioral changes in humpback whales, this change may be small and temporary.
However, in female-calf groups, the behavioral change may be greater and longer
lasting. This study shows that when using small vessels for behavioral research, dis-
turbance, and recovery should be measured to ensure integrity of data used for other
analyses.
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In cetacean research, data are often collected from small vessels, either as standalone
platforms, or in conjunction with land-based or aerial-based platforms. Research ves-
sels are used for obtaining behavioral and acoustic data, conducting biopsy sampling,
and deploying tags for various purposes. Compared to land or aerial platforms, data
collected from small vessels can be more detailed, as data are collected at much smal-
ler distances resulting in greater accuracy and fewer behaviors missed (Findlay and
Best 1996). In addition, information can also be more easily collected at an individual
level rather than group or population level (Tyack 1981) because individuals within a
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group can be more easily and accurately identified. However, there are a number of
issues associated with using vessels as data collection platforms for research. Vessel-
based data can be less cost-effective and may generate smaller sample sizes compared
to land-based studies (Denardo et al. 2001, Elwen et al. 2009).
In order to obtain fine-scale behavioral data on cetaceans from small research ves-

sels, close approaches between 5 m and 100 m are required. These have the poten-
tial to disturb the group or individual during data collection (Richardson et al.
1985, Clapham and Mattila 1993, Nowacek et al. 2001) due to the close proximity
of the vessel required for data collection, and/or change in the noise levels from the
research vessel (Au and Green 2000, Erbe 2002). In many studies, potential distur-
bance to whales by small vessels is mitigated by minimizing the movement of the
vessel, engine noise, and changes in throttle setting, as well as maximizing the ves-
sel distance from the study animal or group during behavioral observations (Miller
et al. 2009). Despite these measures, animals may still be disturbed. One way to
account for any potential disturbance is to delay any behavioral data collection fol-
lowing close approaches from research vessels until the animal or group has
returned to “pre-approach” behavior. Some studies exclude the first two dive cycles
after the initial approach by a research vessel to prevent the use of perturbed behav-
ior (Croll et al. 2001, Baumgartner and Mate 2003, Nowacek et al. 2004), but pre-
sent little objective evidence that animals return to pre-approach behavior after this
time. As such, to fully assess any potential disturbance of close approaches on ceta-
ceans, a comparison of the behavior of the target animal or group before, during,
and after approaches from small vessels for behavioral sampling is necessary (Van
Parijs and Corkeron 2001, Ribeiro et al. 2005). For example, Morete et al. (2007)
continuously sampled humpback whale (Megaptera novaeangliae) group behaviors
from land and monitored their reactions before, during, and after tourist and
research vessels approached the group. However, this may not be feasible in studies
that only use one small vessel to collect observational data (e.g., Corkeron 1995,
Miller et al. 2000), as data collection from land or an additional vessel is required.
In the absence of land-based observations, to enable true controls, the effect of the
research vessel can be assessed using a regressive technique, where the dependence
of response variables (such as diving behaviors) to the research vessel at varying
observation distances are examined (Lusseau 2003). However, this kind of method
is not regularly undertaken. Overall, there is little investigation of the effect of
research vessels on behavior, and when it is investigated, this is often subjective
rather than objective.
When visually observing cetaceans from land-based or vessel-based platforms, only

behaviors that occur at the water’s surface can be observed. As a result, the majority
of whale behavior will not be recorded due to the long periods of time these animals
spend underwater. In order to supplement behavioral data, there is an increased reli-
ance on tags that can provide an understanding of the three-dimensional movements
of cetaceans (Johnson and Tyack 2003). However, close approaches to within several
meters are required to attach tags because they are deployed using a long hand-held
pole (Mate 1989), or shot at close range using a low velocity system (Heide-Jørgensen
et al. 2001). Various reactions to close vessel approaches for pole attachment of suc-
tion cup tags have been observed in cetaceans. Strong, long-lasting reactions have
been seen in bottlenose dolphins (Tursiops truncatus) (Schneider et al. 1998). However,
in other species, such as humpback whales (Stimpert et al. 2012) and fin whales
(Balaenoptera physalus) (Giard and Michaud 1997), either mild reactions, or no reac-
tion, have been observed. Varying reactions have also been seen within species,
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depending on the speed and movement of the research vessel when conducting
tagging approaches. For example Stimpert et al. (2012) found that slow approaches
caused minimal apparent impact on group behavior when tagging Antarctic hump-
back whales compared to faster methods.
Potential disturbance of cetaceans from research vessels may be dependent on sev-

eral factors, such as speed of approach, duration of approach, and angle of approach
(Watkins 1981, Alves et al. 2010, Stimpert et al. 2012). Group composition has also
been found to be an important factor when looking at behavioral responses. There is
evidence that the age and sex composition of a group affect the likelihood of a reac-
tion to disturbance (Cantor et al. 2010, Reisinger et al. 2014). Female fin whales,
southern right whales (Eubalaena australis), and humpback whales have been found to
be sensitive to biopsy sampling (Clapham and Mattila 1993, Brown et al. 1994, Gau-
thier and Sears 1999, Best et al. 2005). However, competitive groups of male hump-
backs show very little response (Clapham and Mattila 1993, McCauley et al. 2000).
Additionally, studies have found that humpback whale females with young calves, in
particular, seem to have an increased sensitivity to disturbance in regards to biopsy
sampling, anthropogenic noise, and vessel traffic (Bauer et al. 1993, Clapham and
Mattila 1993, McCauley et al. 2000, Stamation et al. 2010, Stimpert et al. 2012).
Therefore, when analyzing behavioral responses in cetaceans, to prevent masking of
significant effects, it may be useful to examine any potential variability between
cohorts.
Many behavioral studies on humpback whales have involved tagging and/or

vessel-based data collection at close proximity, and it has not always been feasible
to take into account the effect of noise from the approaching vessel, or to include
any measure of behavioral response of the group or individual to the vessel. As
part of a larger project investigating the behavioral response of Australian hump-
back whales to seismic surveys (BRAHSS) (Cato et al. 2013, Dunlop et al. 2015),
we were able to track individuals by both land and small vessel observation plat-
forms, giving us the opportunity to evaluate the impact of close approach by our
research vessels. Although the primary objective of the BRAHSS project was to
assess how these animals react to seismic sound exposures while migrating, no
seismic airgun operations were conducted during the observations reported for
this study.
The aims of this study were to use land-based observations to (1) determine if the

behavior of a group of humpback whales changed during and after a close approach
for tagging, (2) determine if focal groups that were approached for tagging attempts
behaved differently to focal groups that were not approached for tagging attempts,
(3) determine if different tagging strategies caused different behavioral reactions
amongst groups approached for tagging attempts, (4) determine if groups subjected
to tagging attempts returned to pre-approach behavior before vessel-based focal fol-
lows commenced, and (5) specifically determine the reaction of female-calf groups to
close approaches for tagging.

Methods

Study Site

The study site was located at Peregian Beach (26�300S, 153�050E), Queensland, on
the east coast of Australia, approximately 150 km north of Brisbane (Fig. 1).
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Humpback whales migrate along the eastern Australian coast from low latitude
breeding grounds inside the Great Barrier Reef to high latitude feeding grounds in
the Antarctic during the austral spring months, often within 10 km of shore (Chittle-
borough 1965). This field site has the advantage of elevated land-based locations close
to the shore from which observations of humpback whales can be undertaken. Experi-
ments took place during September and October of 2010 and 2011.

Figure 1. The study site at Peregian Beach on the Sunshine Coast of eastern Australia.
Land-based survey stations (Emu Mt. and North Station), the location of the hydrophone array,
and the base station, where signals from the array were transmitted, are indicated.
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Land Data Collection

Data were collected from two survey sites; “North Station,” the balcony of an
apartment located 8.6 km north of Peregian Beach (30 m above sea level, 30 m from
the shore), and “Emu Mt. Station,” the peak of Emu Mountain, 3 km south of Pere-
gian beach (73 m above sea level, 700 m from the shore). Both had unobstructed
views to the ocean. The behavioral data for this study came from land-based focal fol-
lows of humpback whale groups, where all visible behaviors of the group were
recorded (Mann 1999). A group was defined as whales surfacing synchronously
within 100 m of each other (Whitehead 1983, Corkeron 1995). Three individuals
made up each focal follow team; a spotter, a theodolite operator and a computer oper-
ator, with two focal follow teams located at each of the two stations. The theodolite
operator used a surveyor’s theodolite (Leica models TCRM1103+, TC407, or
TC1105) to take a “fix” of the group at each surfacing in order to track the move-
ments of the group. Information from the fix was transmitted to a notebook com-
puter running VADAR whale tracking software (Visual and Acoustic Detection and
Ranging; http://cyclops-tracker.com/; E. Kniest, University of Newcastle) that auto-
matically calculated the positions of whales using the vertical and horizontal angles
to the group measured by the theodolite’s elevation and azimuth. Other behavioral
observations, not captured by the theodolite operator, were called out by the spotter
(e.g., blow, breach, pectoral slap, fluke slap, no blow rise or surfacing, peduncle slap,
inverted fluke slap, etc.). The spotter or theodolite operator also called out social inter-
actions such as splitting apart into two groups and joining together of two groups.
All data were entered into VADAR.

Tagging

Humpback whales were closely approached by research vessels in order to deploy
suction cup attached DTAGS (Johnson and Tyack 2003). Whale groups were behav-
iorally assessed (using travel speed, surfacing frequency and travel direction) as candi-
dates for tag attempts. If a group was deemed suitable, one adult group member was
targeted for tagging. Target animals were approached from behind and to the side,
and a 6 m carbon fiber pole was used to attach a DTAG between the blow hole and
dorsal fin of the whale. If tagging was successful the vessel would then reduce speed,
cease close approaches, retreat to between 100 and 200 m from the whales, and con-
duct a focal follow on the group in order to collect data as part of the BRAHSS (Cato
et al. 2013) investigation. If tagging attempts ceased without deploying tags, the
vessel backed off and then conducted a behavioral focal follow on the group. These
groups were categorized as “tagging attempt” (TA) groups (n = 23).
Close approaches for tagging were defined as an assertive vessel approach within 6

m of the target individual with the intention to tag (i.e., the TA groups). They were
either classed as “Cat1” or “Cat2” (Table 1). Cat1 attempts (n = 16 groups) were
defined as one or more close approaches at minimal speed (vessel engines usually
idling) to a logging or resting whale, or a close approach to a whale with a regular
speed and little course variation. During the Cat1 close approaches, the vessel’s speed
and course matched the regular speed and course of the whale. Cat2 (n = 7 groups)
were defined as one or more close approaches to a whale that had a relatively high
speed and/or directional changes. Cat2 close approaches often required a vessel speed
greater than that of the whale. These were often brief bursts of speed to catch up to a
whale as it was surfacing and deploy the tag. The close approach type recorded was
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the final close approach type conducted in the approach. In other words, if the group
was first approached using a Cat1 attempt then subsequently approached using a
Cat2 attempt, the close approach category for that group was recorded as Cat2
(Table 1). Close approaches for tagging ceased when either a tag was deployed, or
tagging attempts were aborted. Tag approaches were kept to a minimum whenever
possible, with 21 out of 23 groups approached three times or less.
If a group was not deemed to be suitable for tagging, no close approaches were

undertaken, and the vessel broke from the whales and searched for a new group for
tagging. However, occasionally, rather than break from the animals, a focal follow
was conducted (Mann 1999) for data collection as part of the BRAHSS study. These
were categorized as “no tagging attempt” (NTA) (n = 6 groups). The methodology
for both NTA and TA groups was the same, except that there were no close
approaches to the NTA groups. The closest point of approach to whales from these
groups ranged from 100 to 200 m and the vessel remained at this distance for the
duration of the interaction. As a result, these NTA groups were used as a baseline
with which to compare the behavior of the TA groups. This allowed us to determine
if behavioral change was seen, whether it was a result of close approaches or just the
presence of the vessel itself.

Study Design

The study followed a “before, during, and after” design where land-based observa-
tions of behaviors of whale groups were recorded before, during, and after close
approaches from research vessels. Data collected in the “before” phase during this
study were considered to be unaffected by close approaches by vessels and representa-
tive of unaffected “normal” migratory behavior. All other boat phases were compared
against the before phase in the analyses. In this study the “during” phase was referred
to as the “approach” phase. Groups were divided into tagging attempt groups (TA;
attempts to deploy a DTAG, including both Cat1 and Cat2 categories; n = 23) or no
tagging attempt groups (NTA; where no attempt was made to attach a tag; n = 6)
(Table 1). For all groups, the before phase was defined as the period prior to one of

Table 1. Description of conditions and parameters for each boat phase.

Boat phase Proximity/activity of vessel

before >200 m from group (minimum of 15 min).
approachNTA First 30 min after vessel comes within 200 m of group, no tagging

attempts.
approachC1 Last tagging attempt approach was Cat1 in the approach phase.
approachC2 Last tagging attempt approach was Cat2 in the approach phase.
after0–20NTA The first 20 min following the approachNTA phase.
after0–20C1 The first 20 min after successful tagging or tagging attempts cease,

in groups where the final tagging attempt was Cat1.
after0–20C2 The first 20 min after successful tagging or tagging attempts cease,

in groups where the final tagging attempt was Cat2.
after20–40NTA The second 20 min following the approachNTA phase.
after20–40C1 The second 20 min after successful tagging or tagging attempts cease,

in groups where the final tagging attempt was Cat1.
after20–40C2 The second 20 min after successful tagging or tagging attempts cease,

in groups where the final tagging attempt was Cat2.
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the research vessels approaching to within 200 m of the group. A minimum duration
of 15 min (with a maximum of 40 min) was given for the before phase in order to
ensure data from at least two complete dive cycles (a long dive followed by its subse-
quent surfacing interval) were obtained. If it was determined that the group was a
suitable candidate for tagging (whales moved in a consistent direction, at a consistent
speed, and without excessively long dive times), the approach phase was initiated and
close approaches for tagging undertaken. These groups were classed as TA. In TA
groups the approach phase was defined as one or more close approaches to a target
individual with the intention to tag. The approach phase lasted for an average of 31
min, however, this varied between 2 min (if a tag was immediately deployed) and 1
h. In this phase, the research vessel was always within 200 m of the whales. The
“after” phase began once there was a successful placement of a tag, or if close
approaches were aborted. In the after phase the vessel would reduce speed and cease
close approaches, retreat to between 100 and 200 m, and follow the group at slow
speeds before starting behavioral observations as part of the BRAHSS investigation.
In this study, the after phase was curtailed to 40 min to match the maximum time of
data collection for the before phase.
For the purpose of this analysis, the approach phase in NTA groups was defined as

the first 30 min after first approach of the group that occurred within 200 m (to make
it comparable in terms of mean period of the approach phase in TA groups), and was
followed by 40 min of after phase.
Phase (before, approach, and after) was used as the predictor variable for analysis.

The approach and after phases were divided into groups that had tagging attempts
(TA, Cat1 and Cat2) and groups that had no tagging attempts (NTA). The after
phase was divided into the first 20 min after the attempt phase (after 0–20) and the
second 20 min after the attempt phase (after 20–40) (Table 1).

Response Variables

A number of response variables were used to measure dive, movement, and sur-
face behaviors. These were chosen based on the response variables used for the
BRAHSS investigation (Kavanagh 2014, Dunlop et al. 2015). They are similar to
those used in previous studies evaluating behavioral responses of humpback whales
to close vessel approaches, biopsy (Brown et al. 1994) and vessel presence (Scheidat
et al. 2004, Morete et al. 2007, Stamation et al. 2010). Humpback whale dives are
usually divided into “deep dives,” where the group is submerged for long periods,
and “surfacing dives,” which are a bout of short, shallow dives where the animals in
the group emerge repeatedly to breathe and conduct other surface behaviors (Dol-
phin 1987, Winn et al. 1995). In this study, the length of the deep dive (called
group dive duration) and the length of the surfacing dives (which encompasses a
bout of short shallow dives, called group surface interval duration) were used as the
two diving behavior response variables. Firstly, all dives were separated into deep
dives and surfacing dives. To do this a histogram was created, as described by Dun-
lop et al. (2013), using the log of the sighting lag time (time between successive
sightings of animals in the focal group). The lag time was used as the measure of
the group dive time. A best fit density function for the histogram was estimated by
choosing the most appropriate bandwidth. Given that there are two dive categories,
deep and surfacing, which are differentiated by the length of the dive (long and
short), it was expected that the distribution of the data would be bimodal with the
trough of the two distributions separating deep dives (long) from surfacing dives
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(short) (Godwin et al. 2016). For this data set, the trough was positioned at a lag
sighting time of 75 s (Fig. S1). The longest dive in the data set was 478 s and, as
such, dives between 75 and 478 s were categorized as a deep dive. Those less than
75 s classed as surfacing dives. The group surface interval duration (the length of
time of a bout of short surfacing dives) was calculated as the time between the end
of one deep dive and the start of the next. These group surface interval durations
ranged from 5 s to 995 s.
In order to assess potential changes in the pattern of movement, four measures of

group movement behavior were used; group travel speed, group course variation,
group speed of net southwards movement, and group course deviation from 180�
magnetic. Group travel speed and group course variation (speed and changes in
course) were measured to indicate any potential change in fine-scale movement
through the study area. Group travel speed was defined as the time taken to travel
the distance between successive surfacings. Group course variation was defined as the
change in course between successive surfacings. As all groups in the investigation
were migrating southwards, group speed of net southwards movement was also mea-
sured, as a change in this may not be picked up by measuring changes in speed or
course alone. Additionally, group course deviation from 180�magnetic was measured
as an indication of a general change in migratory direction (e.g., in a more easterly or
westerly direction).
When analyzing movement and surface active behaviors, small errors may be pro-

duced when measuring whale positions over the intrinsically highly variable dive
periods of the whales (ranging in the orders of 10 s to 10 min). To reduce this high
variance, measures of movement and surface active behaviors were analyzed in time
bins, which provided some averaging of course and speed over a reasonable time per-
iod. In this data set the mean group dive duration was 284 s and mean group surface
interval duration was 105 s. Consequently, time bins of 10 min were used to ensure
that data from at least one complete dive cycle (a deep dive followed by its subse-
quent surfacing time interval) were captured in each time bin. The start of the
approach phase was designated time zero, and bins were calculated every 10 min
before and after that point; T-1 was the 10 min preceding the approach phase (i.e.,
the last 10 min of the before period), T1 was the first 10 min of the approach phase
and so on. Time bins that contained transitions from an approach to an after phase
(i.e., where the approach phase ended within a time bin) were treated as approach bins
to ensure that no after bin periods contained observations where the vessel was in
close approach.
Data were filtered to retain only behaviors associated with theodolite measured

positions. As the group was likely to be underwater, the position of the group was
usually not known at the end of each 10 min bin (and start of subsequent bin). The
end-bin position was therefore estimated by assuming straight line and constant
speed travel between the last measured position in the bin and the first measured
position in the next bin. End-bin positions were interpolated for all bins in the focal
follow. Course and speed made good were then calculated for each 10 min bin using
these end-bin positions, giving each bin course and speed equal weighting because
they are calculated over the same period. If no theodolite position was available for
one or two sequential time bins, either because the whales did not surface or because
the whales surfaced but a theodolite measurement was missed, the bin edge positions
were still interpolated using the positions in the adjacent bins. If a position was not
available for more than two bins in a row, positions were not estimated and these bins
were excluded from the analysis. Missed positions across more than one bin were
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infrequent and, as such, any reduction to variance of course and speed from this calcu-
lation was minimal.
Group course variation was calculated by subtracting the estimated course for each

time bin from that of the previous bin. Group travel speed was estimated by measur-
ing the distance between the interpolated positions of a group of whales at the start
and end of a time bin, then using the time taken to travel that distance to calculate
the swimming speed in km/h. In addition to travel speed and course variation, speed
of net southward movement was also estimated by using only change in latitude and
ignoring longitude. A negative speed south indicated net northward movement over
the 10 min bin. Finally, course deviation from 180� magnetic was used as a measure
of the extent to which the direction of travel of a group of whales differed from a
direct southerly course (180�). This was estimated by taking the absolute value of the
difference between the course over the time bin and 180� magnetic. An increase in
course deviation would indicate deviation away from the general migratory move-
ment pattern.
Surface active behaviors (hence forth known as SABs) were defined as any behavior

that involved all or part of the body, a pectoral flipper or a fluke exiting then forcibly
reentering the water. These behaviors included breaching behaviors, pectoral behav-
iors and fluke behaviors (Pacheco et al. 2013). The presence or absence of SABs
within each 10 min bin was noted with 1 indicating presence and 0 indicating
absence. Although these behaviors have been categorized in other studies (Noren
et al. 2009), in this study all SABs were grouped for analysis due to the relatively
short time periods used for the vessel phases and therefore small sample size of each
surface behavior.

Data Analysis

A total of 29 focal follows were analyzed. Groups were included only if the distance
from the land survey platform was less than 15 km, because it was assumed that
behaviors would be missed from land if groups were beyond this distance. As sea con-
ditions also affect group sightability, in that higher sea states can result in more
behaviors being missed from land (Bryden et al. 1990, Findlay and Best 1996), only
groups where the wind speed was 28 km/h (Beaufort sea state 4) or less were used.

Statistical Analyses

All statistical analyses were carried out in R version 3.0.2 (R Core Team
2013). Group dive duration, group surface interval duration, group course varia-
tion and group course deviation from 180� magnetic were log transformed to nor-
malize the data. Resulting data were modeled using linear mixed models (LMMs)
in the lme4 package (Bates et al. 2013). For binomially distributed data (pres-
ence/absence of surface-active behavior) the glmer function was used within the
same package. In all models, Group ID was included as a random factor due to
the nonindependence of the data. P-values were calculated using the lmertest
function (Kuznetsova et al. 2013) within the lme4 package. P-values of <0.05
were considered to be significant. Within-model estimates and effect sizes (back
transformed if necessary) are reported as well as t and associated P-values. Effect
sizes with the 95% confidence intervals were calculated using model estimates.
Residuals of each model were checked for homoscedasticity and errors were
checked for normality.
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Analyses were carried out both using the term “boat phase” (see Table 1) as a pre-
dictor variable with the before phase considered unaffected normal migratory behav-
ior and used as the intercept for the models. Sample size did not allow us to
introduce cohort as an additional effect. As such, two analyses were carried out to
allow us to reduce the variability associated with multiple social cohorts in our sam-
ple. The two analyses were therefore not intended as a comparison but composed of
two parts. (1) Analysis 1 used data from all humpback whale groups sampled to assess
if there was change in humpback whale behavior regardless of cohort. (2) Analysis 2
used data from female-calf (FC) groups alone (Table 2). This was undertaken in order
to assess the effects of close approaches on the most common, and potentially most
sensitive, group composition, which may be masked in analysis 1 due to the variabil-
ity in behavior of the multiple group compositions. The first analysis tested aims
1–4: (1) if humpback whales significantly changed their behavior during and after
close approaches from research vessels, (2) determine if NTA groups behaved signifi-
cantly differently to TA groups, (3) determine if different tagging strategies (Cat1
and Cat2) caused different behavioral reactions and, (4) determine if TA groups
returned to pre-approach behavior following close approaches. In this analysis all tag
approaches (NTA, Cat1 and Cat2) were included. The second analysis tested aim 5:
the reaction of female-calf (FC) groups tag approaches. All FC groups that were clo-
sely approached for tagging attempts were included in the analysis. However, due to
sample size, FC groups that were not approached for tagging attempts (NTA) were
not analyzed and all tag approaches (Cat1 and Cat2) were pooled.

Results

Focal follows used for analysis lasted between 78 min and 171 min, totaling 50 h
of data. The number of focal groups for each model parameter is shown in Table 2.
The before phase was used as the intercept for all model outputs.

Analysis 1: The Group Response to Close Vessel Approaches, Approach Type, and Recovery

Mean group dive duration was 243 s (95% CIs 215, 277) and mean group surface
interval duration was 59 s (95% CIs 48, 72) for groups in the before phase. All
groups, regardless of whether they were closely approached for tagging attempts, did
not significantly change their dive duration, or group surface interval duration, dur-
ing the approach and after phases.
In terms of changes in movement behavior, groups significantly increased (from a

mean of 3.7 km/h [95% CIs 3.0, 4.3]) their travel speed by 0.8 km/h (t = 2.45,
P = 0.02, 95% CIs 0.2, 1.5) during the approach phase of Cat1 tagging attempts

Table 2. Number of focal follows (no tagging attempt (NTA), tagging attempt Cat1
approach and tagging attempt Cat2 approach) for each boat phase for all group compositions
combined and for female-calf (FC) groups only.

Before

Approach After 0–20 min After 20–40 min

NTA Cat1 Cat2 NTA Cat1 Cat2 NTA Cat1 Cat2

Total 29 6 16 7 6 16 7 6 16 7
FC 19 4 10 5 4 10 5 4 10 5
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(Table S1, Fig. 2). This change in movement behavior was, however, short-term in
that the travel speed of Cat1 groups in the after phases (0–20 min and 20–40 min)
was not significantly different to the before phase (Table S1, Fig. 2). In contrast, Cat
2groups did not significantly change their travel speed in the approach phase. How-
ever, these groups increased their travel speed by 1.9 km/h (t = 3.56, P < 0.001, 95%
CIs 0.8, 2.9) during the first 20 min period of the after phase (0–220 min) (Table S1,
Fig. 2). Again, this change in behavior was short-term in that the travel speed of
Cat2 groups in the second 20 min of the after phase (20–40 min) was not signifi-
cantly different to the before phase (Table S1, Fig. 2). This suggests that after 20
min, the Cat2 groups had returned to pre-approach behavior. Despite these changes
in group travel speed, their variation in course did not significantly change (from a
mean of 14� [95% CIs 9, 21] in the before phase).
As whales were migrating south, we used two further measures of movement

behavior; group net southward movement and group course deviation from 180�.
Group speed of net southward movement had a mean of 3.1 km/h (95% CIs 2.2, 3.9)
in the before phase, but there was no evidence of any significant change in their net
movement south, despite short-term changes in group speed in both Cat1 and Cat2
groups. Group course deviation from 180� had a mean of 23� (95% CIs 17, 32) in
the before phase. During the approach phase Cat2 groups significantly increased
group course deviation from 180� by 19� (t = 2.06, P = 0.04, 95% CIs 1, 38)
(Table S2, Fig. 3) and therefore deviated further from a southerly course (Table S2,
Fig. 3). As there was no significant difference in the after phases (0–20 min and 20–
40 min), it seemed they resumed their original course once the approach phases had
ended. There was no evidence of any increase in course deviation from 180� in Cat1
groups.

Figure 2. Plot showing group travel speed by boat phase and approach category. All
values were compared to the before phase. An asterisk indicates any significant results where
*** <0.001, ** <0.01, and * <0.05.
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NTA (no tagging attempt) groups displayed no significant change in any of the
tested movement response variables (group travel speed, group speed of net south-
wards movement, group course variation and group course deviation from 180�).
Surface active behaviors occurred in 26.9% (n = 25) of the 93 time bins in the

before phase. There was no evidence of any increase or decrease in the presence of sur-
face active behaviors, during either the approach or after phases, in response to close
approaches.

Analysis 2: Testing the Response of Female-Calf Groups Only

In total, 15 female-calf (FC) groups were used in the analysis (Table 2) and focal
follows lasted between 80 and 166 min for each group, totaling 28 h of focal follow
data. Due to low sample size, NTA groups were excluded and Cat1 and Cat2
approach types were pooled. FC groups did not significantly change their dive behav-
ior (dive duration or surface interval duration) in response to tagging attempts (from
a mean dive duration of 218 s [95% CIs 182, 263] and surface interval duration of
77 s [95% CIs 58, 101]).
In terms of movement behavior, the average travel speed of female-calf groups

(with a mean of 2.9 km/h [95% CIs 2.1, 3.8]) was slower than the average speed of
the population in this study. When closely approached for tagging attempts,
female-calf groups significantly increased their travel speed by 1.3 km/h (t = 3.54,
P = 0.001, 95% 0.5, 1.8) in the approach phase and continued to display an
increase in speed in the after 0–20 phase (by 1.3 km/h [t = 3.11, P = 0.002, 95%
CIs 0.6, 2] and after 20–40 phase (by 0.8 km/h [t = 2.56, P = 0.01, 95% CIs 0.2,
1.6]; Table S3, Fig. 4). Despite this change in travel speed, there was no evidence

Figure 3. Plot showing log group course deviation from 180� by boat phase and approach
category. All values were compared to the before phase. An asterisk indicates any significant
results where *** <0.001, ** <0.01, and * <0.05.
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of any change in speed of net southward movement (from a mean of 2.4 km/h
[95% CIs 1.3, 3.5]) suggesting that although there were changes in travel speed in
these groups up to 40 min after tagging attempts had ceased, this did not result in
a change in their general progression south. Mean female-calf course variation was
15� (95% CIs 8, 26) and mean FC course deviation from 180� was 33� (95% CIs
23, 49). Neither of these parameters significantly changed in response to tagging
attempts.
Surface active behaviors occurred in 26% (n = 13) of the 10 min time bins. There

was no evidence of any significant change in the occurrence of these behaviors during,
or after, close approaches in FC groups.

Discussion

The results of this study show that close approaches for tagging do result in a
short-term behavioral response in humpback whale groups. In contrast, no behav-
ioral change was found in groups where a focal follow was conducted, but close
approaches for tagging attempts were not undertaken (NTA) suggesting that it was
the tagging attempts, rather than vessel presence, that caused the behavioral change.
Where a behavioral change did occur in our study, this change was dependent on
the type of approach. Humpback whale groups changed their travel speed briefly in
response to Cat1 approaches. However, Cat2 approaches led to a more sustained
behavioral change with groups deviating more from a southerly direction in the
approach phase and then increasing their travel speed in the after 0–20 phase. This
behavioral change was however temporary in that they recovered to before approach
behavior by 20–40 min after the final approach. It seems that at slower, more
passive approach speeds (e.g., Cat1), humpback whales simply increased their

Figure 4. Plot showing female-calf travel speed by boat phase. All values were compared to
the before phase. An asterisk indicates any significant results where *** <0.001, ** <0.01,
and * <0.05.
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swimming speeds to avoid the vessel. When a faster, more active approach type
(e.g., Cat2) was used, humpback groups may not have been able to out-swim the
vessel and altered their course instead. When these approaches ended, humpback
whales then used speed to move away from the vessel for a short period of time
before returning to pre-approach behavior. Interestingly, for female-calf groups,
changes in travel speed were more sustained, with no “recovery” within the 40 min
period used in this study.
The behavioral changes in speed and course variables seen in this study are

indicative of flight avoidance techniques (Lima and Dill 1990, Whittaker and
Knight 1998, Lemon et al. 2006). Two types of flight avoidance techniques are
evident in cetaceans; vertical and horizontal. Whereas vertical avoidance is associ-
ated with changes in diving behavior, such as increased dive times and decreased
surfacing times, horizontal avoidance is associated with increased speeds and
changes in direction (Bauer and Herman 1986, Lemon et al. 2006). The horizon-
tal avoidance responses found in this study are most likely induced by an increase,
or change, in vessel proximity, speed and movement, or received engine noise (Au
and Green 2000, Erbe 2002). In this study, we were able to account for variabil-
ity in approach speed and maneuverability (by dividing the approach type into
Cat1 and Cat2), but the sample size was not large enough to take the length of
time of approach into account, nor any difference in behavior between those that
were successfully tagged and those that were not. Increased speeds and directional
changes in response to approaching vessels have been reported previously in
humpback whales (Au and Green 2000, Scheidat et al. 2004, Morete et al. 2007,
Alves et al. 2010) and other cetacean species such as bowhead whales (Balaena
mysticetus) (Richardson et al. 1985), killer whales (Orcinus orca) (Williams and Ashe
2007), Indo-Pacific bottlenose dolphins (Tursiops aduncus) (Steckenreuter et al.
2011), and fin whales (Jahoda et al. 2003), indicating that our findings are rela-
tively common responses to close approaches by small vessels amongst cetaceans.
The use of maneuverability and changes in course by humpback whales to Cat2
approaches are similar to avoidance tactics used by humpback whales against
predators, such as killer whales, which they are unable to out-swim (Ford and
Reeves 2008).
Our results also indicate that close approaches for tagging cause a more sustained

response, for at least 40 min following tagging attempts, in female-calf groups. The
most likely explanation for this result is that female-calf groups changed from one
behavioral state to another. Many (9 out of 15) female-calf groups were resting (de-
fined by Kavanagh [2014] as having slow swimming speeds, low surface-active
behavior rates, a speed of southerly movement close to zero, and relatively high course
variation). When first approached for tagging, these resting female-calf groups moved
off, changing their behavior to traveling (defined by Kavanagh [2014] as having
medium or average migratory swimming speeds and low levels of surface-active
behavior). Therefore, this change in behavior is likely to be a reflection of the change
in state rather than an abnormal increase in speed per se. However, when analyzing
the behavioral response of female-calf groups, we were not able to separate the
approach types, and therefore, whether a specific approach type (e.g., Cat2) caused the
stronger responses seen in female-calf groups could not be differentiated. Addition-
ally, whether following female-calf groups without close approaches to tag an animal
caused behavioral change could not be established.
A study of swimming speeds of southbound migrating female-calf groups at the

same study site found a mean swimming speed of 3.1 km/h but with a bimodal
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distribution correlating to two different behavioral states; resting and traveling
(Noad and Cato 2007). Female-calf groups in this study, even when displaying an
increase in speed, were well within the normal range of speeds found by Noad and
Cato (2007) and were similar to speeds of other group compositions in the investi-
gation. Therefore, although it is important to note that there is significant behav-
ioral change in female-calf groups in response to tagging attempts, this change did
not cause them to do something outside the repertoire of normal migration behav-
ior. Many studies have found that females with young calves are more likely to
exhibit avoidance behavior in response to novel anthropogenic stimulus compared
to other cohorts (Gauthier and Sears 1999, McCauley et al. 2000, Wartzok et al.
2003, Best et al. 2005). In humpback whales, female-calf groups in particular have
shown increased sensitivity to vessel traffic and close approaches from research ves-
sels (Bauer et al. 1993, Clapham and Mattila 1993, Brown et al. 1994, Stamation
et al. 2010, Stimpert et al. 2012). Therefore, behavioral observation studies that use
close vessel approaches may need to take group composition into account when col-
lecting data on potentially sensitive cohorts, such as humpback whale female-calf
groups.
Calculating movement and behavior parameters can be subject to high variance

due to the wide variation in the number of sightings for any given time period.
This study therefore took a broad-scale approach to the analyses where measure-
ments were reduced to only two per 10 min time bin (or presence/absence in the
case of surface behaviors). Reducing measurements in this way may miss fine-scale,
or more subtle, changes in behavior. Despite the changes in movement behavior
found in this study, there was no evidence of any change in rates of surface active
behaviors nor any change in behavior of groups in response to vessel presence with-
out tagging attempts (NTA). However, the sample size of NTA groups (n = 6) was
small. As such, it is likely that statistical power was low, and, therefore, the likeli-
hood that the nonsignificant results found in NTA groups reflect a true effect is
reduced (Wisz et al. 2008, Button et al. 2013). Although further investigations on
vessel presence on humpback whale behavior should be carried out to confirm this
result, it should not be completely discounted due to sample size. The variance in
the NTA samples was similar, or less than, the variance in TA samples
(Table S4, S5). Additionally, analyses undertaken on this population by Dunlop
et al. (2015) revealed no significant difference in diving and movement behaviors
between focal groups of humpback whales followed from land only (no research ves-
sel present) and followed from small research vessel platforms. As such, the lack of
significant response in NTA groups found in this study, combined with the evi-
dence in Dunlop et al. (2015), suggests the significant changes in behavior found in
this study were due to close approaches by research vessels, rather than just the pres-
ence of the vessel.
At the population level, this study found a behavioral change in groups to close

approaches by research vessels, with quick recovery to pretag attempt behaviors once
the close approaches had ceased. A more sustained reaction was evident in female-calf
groups, indicating that this cohort may be sensitive to close vessel approaches for tag-
ging. The use of digital tags is now a common part of behavioral studies on cetaceans,
and close approaches are required for their application. However, there are few dedi-
cated studies on the behavioral effects of close approaches for tagging. This study
indicates the importance of assessing the effect of research techniques on cetacean
behavior and investigations such as these should be undertaken, where appropriate,
to ensure the validity of relevant data collected.
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Supporting Information

The following supporting information is available for this article online at http://
onlinelibrary.wiley.com/doi/10.1111/mms.12324/suppinfo.
Figure S1. Graph of the analysis to calculate the bout criterion interval (BCI) used

to distinguish between long dives and surface intervals. Graph of the frequency distri-
bution of interval lengths is shown. As width classes were not equal, probability den-
sities (frequency/density of interval lengths in each time bin) were used. The BCI is
highlighted with an arrow.
Table S1. Model estimates effect t-values and P-values for group travel speed data.

Effect sizes have been back transformed where necessary. Estimates indicate increase
(positive value) or decrease (negative value) in response variable when the predictor
variable changed by one unit.
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Table S2. Model estimates, effect, t-values, and P-values for logged group course
deviation from 180� data are presented. Effect sizes have been back transformed
where necessary. Estimates indicate increase (positive value) or decrease (negative
value) in response variable when the predictor variable changed by one unit.
Table S3. Model estimates, effect, t-values, and P-values for travel speed data in FC

groups approached for tagging are presented. Effect sizes have been back transformed
where necessary. Estimates indicate increase (positive value) or decrease (negative
value) in response variable when the predictor variable changed by one unit.
Table S4. Summary statistics for group travel speed data are presented. n is the fre-

quency of data points for the explanatory variable in the data set. Mean, standard
deviation (SD), and standard error (SE) are also presented.
Table S5. Summary statistics for logged group course deviation from 180� are pre-

sented. n is the frequency of data points for the explanatory variable in the data set.
Mean, standard deviation (SD), and standard error (SE) are also presented.
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