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The whale-watching industry in Juneau, Alaska relies primarily on the presence of North Pacific humpback whales (Megaptera novaeangliae). To meet demands from the rapidly growing tourism industry, the number of whale-watching vessels in this region has tripled over the last 18 years. As a result, increased vessel presence could have negative effects on humpback whales, ranging from short-term behavioral disturbance to long-term impacts. The current humpback whale viewing regulations are outdated and may not be as effective as they were 18 years ago, when both the whale-watching industry and humpback whale population were smaller. The present study assessed how humpback whale movement and behavioral patterns were affected by (1) vessel presence and number of vessels present, and (2) time spent in the presence of vessels. The study also determined how humpback whale behavioral state transitions were affected by vessel presence. A total of 201 humpback whale focal follows were conducted during summer 2016 and 2017. Based on linear mixed effects models, whales in the presence (vs. absence) of vessels exhibited 38.9% higher deviation in linear movement (p = 0.001), 6.2% increase in swimming speed (p = 0.047) and a 6.7% decrease in inter-breath intervals (IBI) (p = 0.025). For each additional vessel present, deviation increased by 6.2% (p = 0.022) and IBI decreased by 3.4% (p = 0.001). As time spent in the presence of vessels increased, respiration rate increased (p = 0.011). Feeding and traveling humpback whales were likely to maintain their behavioral state regardless of vessel presence, while surface active humpback whales were likely to transition to traveling in the presence of vessels. These short-term changes in movement and behavior in response to whale-watching vessels could lead to cumulative, long-term consequences, negatively impacting the health and predictability of the resource on which the industry relies. Current formal vessel approach regulations and voluntary guidelines should be revisited to reduce vessel pressure and mitigate potential negative effects of this growing whale-watching industry.
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INTRODUCTION

Whale watching has been the world’s fastest growing wildlife-based activity since its inception in the 1950’s (Hoyt and Parsons, 2014). Global whale-watching tourism opportunities have grown concomitantly with the recovery of many whale populations from historic whaling pressure (Best, 1993; O’Connor et al., 2009). More than 13 million people in 119 countries engaged in whale-watching activities in 2008, yielding a global annual economic value of $2.1 billion, including $1 billion in revenue in the United States alone (O’Connor et al., 2009). As a non-consumptive use of cetaceans, whale watching is often labeled as “eco-friendly,” “green” or “sustainable” tourism. However, as the industry grows globally and the number of human-whale interactions increases, the whale-watching industry could be exploiting the resource on which they rely (Parsons, 2012; Cressey, 2014).

There is mounting evidence that whale watching can lead to negative effects ranging from short-term behavioral changes that disrupt life functions (e.g., feeding) to long-term consequences such as declines in physical fitness and habitat alteration (Lusseau and Bejder, 2007). In the presence of whale-watching vessels, whales have exhibited short-term behavioral changes including alteration of swimming speed and direction (Scheidat et al., 2004), diving and foraging patterns (Stamation et al., 2010; Christiansen et al., 2013b), aerial behaviors (Stamation et al., 2010; Di Clemente et al., 2018), resting patterns (Lusseau, 2003; Lundquist et al., 2012; Steckenreuter et al., 2012), group size and cohesion (Steckenreuter et al., 2012), and acoustic communication (Sousa-Lima and Clark, 2008). If short-term avoidance behaviors by whales (e.g., traveling at higher speeds, frequent changes in direction, movement away from whale-watching vessels) negatively affects body maintenance behaviors such as foraging and resting, there could be long-term declines in vital rates (Lusseau and Bejder, 2007; Parsons, 2012). If whale-watching vessels are repeatedly perceived as a threat, hormonal responses leading to chronic stress can suppress growth and limit reproduction (Atkinson et al., 2015). For females, reduction in time spent foraging could compromise energetic budgets required to produce and raise a calf, resulting in population decline (Bejder et al., 2006a; Parsons, 2012; New et al., 2015). Over time, whales may also alter habitat use and distribution in response to whale-watching vessel presence (Bejder et al., 2006b; Cartwright et al., 2012).

To mitigate the potential negative consequences of disturbance from whale-watching vessels, guidelines and regulations have been established for commercial whale-watching operations in over 40 countries (Carlson, 2013). In the United States, all cetaceans are protected under the Marine Mammal Protection Act of 1972 (MMPA), and endangered cetaceans are further protected under the Endangered Species Act of 1973 (ESA). In accordance with the MMPA, the National Oceanic and Atmospheric Administration (NOAA) has established formal whale-watching regulations and voluntary guidelines aimed to protect marine mammals from injury and behavioral disturbance. Each NOAA Fisheries Regional Office has developed marine mammal viewing regulations and guidelines tailored to the specific needs of the region. In U.S. Atlantic and Alaska regions NOAA and the Whale and Dolphin Conservation sponsor Whale SENSE (NOAA Fisheries Whale and Dolphin Conservation, 2018), a voluntary conservation and stewardship program that recognizes participating commercial whale-watching operators. Participating tour companies complete training, undergo evaluation, and agree to follow regional whale-watching guidelines.

Humpback whales (Megaptera novaeangliae) exist in every major ocean basin (Muto et al., 2018) and are a popular focal point of many whale-watching tours (O’Connor et al., 2009). Southeast Alaska is a productive feeding ground for the Central North Pacific humpback whale stock, designated as “depleted” by the MMPA (Muto et al., 2018). The ESA further categorizes stocks into Distinct Population Segments (DPS) based on their breeding areas. In Southeast Alaska, 94% of humpback whales belong to the Hawaii DPS (Calambokidis et al., 2001; Baker et al., 2013; National Oceanic and Atmospheric Administration, 2016) and 6% belong to the Mexico DPS (Muto et al., 2017). In 2016, the Hawaii DPS was delisted and designated as “not at risk” under the ESA, while the Mexico DPS was listed as “threatened” (National Oceanic and Atmospheric Administration, 2016). Overall, the humpback whale population in the North Pacific has grown at approximately 7% per year (Muto et al., 2017) with an estimated 1,585 individuals in Southeast Alaska in 2008 (Hendrix et al., 2012). Humpback whales migrate to Southeast Alaska from low latitude breeding grounds and are reliably present from May to September (Lopez and Pearson, 2017). Acquiring nutrients and energy on the Alaskan feeding grounds is essential for body maintenance and preparation for migration to low-latitude breeding grounds where humpback whales fast due to limited prey availability (Irvine et al., 2017).

Whale watching has become a lucrative industry and an important source of income to many Southeast Alaska coastal communities, with an estimated annual value of $32 million in the city of Juneau alone (O’Connor et al., 2009). To meet the demand of the rapid growth of tourism in Juneau, the whale-watching industry has tripled since 2000. Currently, there are approximately 65 vessels that offer dedicated whale-watching tours, in addition to fishing charter vessels which view whales opportunistically (Di Clemente et al., 2018). Due to this surge in vessel presence, it is unclear if the current Alaska whale-watching regulations, established in 2001 (Table 1), are sufficient to mitigate potential disturbance to humpback whales.


TABLE 1. Federal regulations and guidelines for viewing humpback whales and marine mammals in Alaska (National Oceanic and Atmospheric Administration, 2016).

[image: Table 1]Crowding of whales is of particular concern in the Juneau whale-watching tour area due to complex geography consisting of narrow channels and obstructed waterways (Weingartner et al., 2009). Compared to other whale-watching locations (e.g., Stellwagen Bank, Hawaiian Islands) characterized by open waters for viewing humpback whales, opportunities for vessel dispersion in Southeast Alaska are limited. All tours in Juneau depart out of a single port, Auke Bay, concentrating all whale-watching vessels in a tour area approximately 30 × 15 km in size (Teerlink et al., 2018). Throughout the summer, humpback whales vary in number and distribution throughout the region, which influences the number of vessels watching an individual or group at any given time. For example, bubble net feeding groups (i.e., highly conspicuous, and cooperative surface-feeding groups that release underwater bubble streams to corral schools of Pacific herring toward the surface, Sharpe, 2001), can attract as many as 30 vessels (Teerlink, 2017) at once. Furthermore, the long daylight hours during the Alaskan summer allows whale-watching vessels to operate for extended periods from 7:00 am to 9:00 pm. As a result, whales may be exposed to whale-watching vessels for the majority of the 24-h cycle. The sustainability of the Juneau whale-watching industry will likely have far-reaching and long-term ecological and economic effects throughout Southeast Alaska as some of the same humpback whales travel between Juneau and other popular tourist communities such as Ketchikan, Sitka, Hoonah, Skagway, and Glacier Bay (Hendrix et al., 2012).

In order to ensure that proper mitigation measures are in place to protect the resource upon which the industry relies, the goal of the present study was to assess the effects of whale-watching vessels on humpback whales in Juneau, Alaska. The objectives were to determine how humpback whale movement and behavioral patterns are affected by (1) vessel presence and the number of vessels present and (2) time spent in the presence of vessels, and to assess the effect of (3) vessel presence on humpback whale behavioral state transitions.



MATERIALS AND METHODS


Data Collection

Land based observations occurred at Point Lena (58.39140 N, 134.77495 W) and Point Retreat (58.41308 N, 134.95644 W) (Figure 1). Data were collected using a Sokkia DT-5A theodolite connected to a laptop computer using the data acquisition software, Mysticetus1. Data collection required a team of at least 3 people, consisting of a theodolite operator, computer operator, and 1–2 spotters. Humpback whales were observed using a Konus 20 × 60 spotting scope and Leica 10 × 42 binoculars. Behavioral events and states were classified using an ethogram (Table 2). During each field day, environmental variables, including visibility, cloud cover, precipitation, and Beaufort sea state, were collected every hour or as conditions changed. Due to daily tidal fluctuations of up to 5 m, theodolite station height was measured approximately every 15 min using vertical markers on the shoreline. To ensure reliable data collection, observations were made only in Beaufort sea state of ≤3, little or no rain, and <15 kt wind.
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FIGURE 1. Map of Juneau whale watch tour area with field sites and corresponding observation ranges up to 5 km. Field sites were located at Point Lena (58.39140 N, 134.77495 W), at the NOAA Ted Steven’s Marine Research Institute, and Point Retreat (58.41308 N, 134.95644 W), at the lighthouse on the northern point of Admiralty Island. Most whale watching vessels depart from Auke Bay, with both sites located within the typical tour area. Each site was positioned at a high vantage point necessary for observing and tracking whales using a theodolite accurately up to 5 km (station height of 37.2 m, and 21.9 m, respectively).



TABLE 2. Behavioral ethogram for observations of humpback whales in Juneau.

[image: Table 2]Humpback whale movement and behavioral data with respect to whale-watching vessel presence were collected using theodolite tracking methods described in Würsig et al. (1991) and behavioral observation methods described in Di Clemente et al. (2018). A “sighting” (i.e., observation period of behaviors for a humpback whale) began when an individual was spotted < 5 km from the field site. Focal follow observations with all-occurrence sampling (Altmann, 1974) was used to record behavioral events (Table 2) and continuous sampling was used to record behavioral state, heading, and number of vessels present within a 500 m radius of the whale at the time of the behavioral event. A 500 m threshold was used previously by Di Clemente et al. (2018) as an intermediate distance between distance thresholds previously used in whale-watching studies on humpback whales [300 m (Corkeron, 1995; Morete et al., 2007) and 1000 m (Gulesserian et al., 2011; Schaffar et al., 2013)]. Vessels were considered present when within 500 m of the whale and observed approaching, departing, or tracking (i.e., following a whale in a straight line or in a parallel line according to the last heading observed of the whale). Simultaneously, the theodolite was used to obtain successive latitude/longitude coordinates of humpback whale positions, which were plotted as polyline tracks on Mysticetus. A “track” of the individual included all positions recorded along with time, distance from field site, and number of vessels within 500 m. Distinct physical markings (e.g., unique coloration, scarring, fluke notching, or dorsal fin shape) were recorded throughout the observation to aid in confirming the focal animal. If a second humpback whale was spotted < 5 km from the theodolite station, sighting and track information were collected on both individuals as long as accuracy was maintained. Groups > 1 whale (e.g., bubble net feeding groups and mother-calf pairs) were not included in the dataset because the focal animal could not be reliably determined throughout the follow. However, this excluded only a small portion of the dataset.

No limit was set for the duration of sightings or tracks. The mean dive time for humpback whales in Southeast Alaska is <10 min (Dolphin, 1987), therefore a sighting ceased once an individual went undetected for >20 min or had been absent from the study area >10 min. An individual was considered “absent” if it was out of range (i.e., >5 km from the theodolite, verified on Mysticetus) or out of sight due to trees or presence of islands. This distance has been recommended for stations between 20 and 45 m above mean low sea level to reduce errors in precision from targets at greater distances (Würsig et al., 1991; Piwetz et al., 2018). This method was similarly used by Di Clemente et al. (2018) to minimize the chance of sampling an individual that was different from the original focal animal.

In the summer of 2017, 20 companies advertised whale-watching tours or charters in Juneau, AK (Schuler, unpublished data). The industry included vessels ranging in size from 8 to 32 m and accommodating between 6 and 144 passengers. Each vessel departed from Auke Bay Harbor (Figure 1), conducting up to 3 tours per day that averaged 2.5–3 h each. In addition to these commercial whale-watching vessels, private vessels would also opportunistically track humpback whales.



Variables


Movement


Movement metrics

Successive positions of a humpback whale were used to obtain deviation, speed, and directionality and used to calculate changes in movement (Würsig et al., 1991). Deviation is the relative turning angle between three consecutive positions (Christiansen et al., 2013b). Deviation indicates path predictability for each position in the track by estimating the angle between the path taken and the straight-line path predicted (Williams et al., 2002; Christiansen et al., 2013b). Deviation ranges between 0° (linear movement) and 180° (erratic movement) (Christiansen et al., 2013b). Speed (kph) is the distance traveled between two coordinates divided by the time interval between those two coordinates (Lundquist et al., 2012). Directionality measured the linearity of movement of each surfacing in the track, calculated by dividing the distance between the two end-points of the specific section of the track by the actual distance of the track line of the section (Christiansen et al., 2013b). Directionality ranged between 0 (circular movement) and 1 (linear movement) (Christiansen et al., 2013b). Microsoft Excel (2016) was used to calculate deviation, speed, and directionality using data points recorded on Mysticetus.



Behavior


Behavioral metrics

Inter-breath interval (IBI) and respiration rate (RESP) were used to measure behavioral changes. Humpback whale IBIs were estimated as the time elapsed between two consecutive blows (Christiansen et al., 2013b). A fluke-up dive was typically associated with a longer IBI, therefore “Dive Type” for each interval was identified as “No fluke” or “Fluke-Up.” RESP (blows/min) was calculated by dividing the number of blows observed during a sighting by the total duration of the sighting.



Behavioral state transitions

Each behavioral event was categorized into one of four behavioral states (Table 2): feeding (FED), resting (RES), surface active behavior (SAB), and traveling (TRA). Over the course of a sighting, the behavioral states comprised a whale’s behavioral budgets [i.e., the proportion of time an animal spends in different behavioral states (Christiansen et al., 2013a)]. A change in behavioral state during a sighting was considered a behavioral transition. Each behavioral transition was categorized into ‘presence’ situations (i.e., observations in which ≥1 vessels were present <500 m of the focal whale) and ‘absence’ situations (i.e., observations in which no vessel was present <500 m radius of the focal whale).



Statistical Methods


Presence and Number of Whale-Watching Vessels (Obj. 1)

Regression analyses were performed using the open-source software R v.3.4.3 (R Core Team, 2018). To assess the significance of whale-watching vessels in explaining variations in deviation, speed, and IBI, linear mixed effects models (LMM) were fit by restricted maximum likelihood using the lme function in the R package nlme (Pinheiro et al., 2018). Covariates considered for the “base model” included behavioral state, location, time of day (indicated as a percentile of daylight hours, where sunrise = 0 and sunset = 1), Julian date, year, and environmental variables (i.e., visibility, Beaufort sea state) as fixed effects. Sighting distance associated with fixes (i.e., individual data records collected in Mysticetus) were included as an explanatory variable for deviation and speed analysis to account for potential vertical angle measurement errors associated with larger distances from shore. Time between fixes was included for deviation and dive type was included for IBI analysis to account for variability in direction changes and breathing intervals associated with longer dive times. Stepwise model selection based on the corrected Akaike Information Criterion (AICc) was used to select the combination of covariates that best explained the variations in each metric. As humpback whales may exhibit individually specific behaviors (Peterson, 2001), whale ID was included in each model as a random effect (intercept) to account for variability in mean deviation, speed, or IBI among individual whales. Two individuals (IDs 1538 and 1839 from the Alaska catalog) were seen frequently in the study area and could be readily identified based on their distinctive pigmentation on the underside of their flukes and dorsal fin shape. All observations of these identifiable individuals (i.e., 1538 and 1839) were included under the same unique identification numbers.

For each metric, a series of alternative models were used to test the possible effects of whale-watching vessels. The first model included vessel presence (vessels = 0 vs. vessels > 0) as a fixed effect to compare whale movement and behavior when vessels were present to those in which vessels were absent. The second model included the number of vessels as a linear fixed effect to understand how increasing numbers of vessels may influence movement and behavior. The third model included a categorical variable for the number of vessels to examine results for possible non-linearities and threshold effects. For deviation and speed, spatial autocorrelation was accounted for since measurements closer in space were likely to be more similar than those farther apart. For IBI, temporal autocorrelation was accounted for by including a first-order autoregressive term to model the possible dependence between consecutive residuals as εt = ϕ∗εt–1 + νt, where ϕ is the first-order auto-regressive coefficient and the errors (innovations νt) are assumed to follow a Gaussian distribution. Errors (νt) were examined for normality and homoscedasticity. The AICc was used to select the best-fit model while maintaining model parsimony.



Percent Time With Vessels (Obj. 2)

The percent time spent with vessels (PERC) was calculated by taking the sum of intervals spent in the presence of vessels and dividing it by the total length of the track or sighting. Linear regression was used to test for possible effects of PERC on directionality and RESP, while controlling for overall behavioral state (i.e., traveling, feeding, resting, surface active, and mixed), Julian date, year, location, and duration of track or sighting.



Behavioral State Transitions (Obj. 3)

To examine changes in whale activity budget with respect to whale-watching vessels, first-order Markov chain analyses were used to build transition matrices and run Monte Carlo simulations in situations in which whales were in the presence of vessels and in the absence of vessels (presence vs. absence). A first-order Markov chain was deemed appropriate for accounting for temporal autocorrelation while quantifying the dependence of a succeeding behavioral state (Lusseau, 2003). Based on the resulting contingency tables, presence and absence transition probability matrices were calculated (for details, see Di Clemente et al., 2018).

Monte Carlo simulations were also used to estimate the activity budgets of whales during vessel presence and absence situations (for details, see Christiansen et al., 2013a; Di Clemente et al., 2018). For presence and absence situations, simulations were repeated 1000 times, each representing a 7.5 h long time series either in the presence or the absence of whale-watching vessels. The resulting distribution was plotted using the relative proportion of each behavioral state in each situation. Initial model runs indicated that RES could not be included in Monte Carlo simulations due to its infrequent occurrence that resulted in a 100% transition probability. RES was therefore not included in the simulations.



RESULTS

Data were collected on 147 days (111 days from Point Lena and 36 days from Point Retreat) from June through October 2016 and May through September 2017, totaling 843 h of effort (621 h from Point Lena, 223 h from Point Retreat) (Table 3). Only sightings consisting of ≥10 min of observed behaviors were included to ensure adequate IBI sample size. Tracks composed of ≥4 fixes were included to ensure at least two data points were included for deviation analysis. With these considerations, 201 humpback whale sightings and 178 whale tracks were included for analysis, totaling 162 h of behavioral observations (Table 3). The mean duration of a sighting was 49 ± 47.7 SD min (range = 12 – 447 min). The mean number of fixes in a track was 18 ± 24.3 (range = 4 – 213).


TABLE 3. Summary of research effort for single adult whales at Point Lena and Point Retreat for 2016 and 2017 field seasons.

[image: Table 3]
Presence and Number of Vessels (Obj. 1)

Summary statistics for deviation, speed, and IBI were calculated in the presence and absence of vessels (Table 4). The mean number of vessels observed for each fix was 0.8 ± 1.41 (range = 0 – 8). In the presence of vessels, 59.9% of fixes included more than one vessel (n = 743). The estimated whale deviation from their straight-line course was 38.9% higher in the presence of vessels than in the absence of vessels based on the AICc-best model (p < 0.001, Table 5). Using the number of vessels instead of vessel presence in the same model resulted in an estimated increase in deviation by 6.2% per additional vessel (p = 0.022), but the model had less support (ΔAICc = 14.77). Whale swimming speed was 5.4% faster in the presence vs. absence of vessels (p = 0.047, Table 6). However, the number of vessels did not have a significant effect on speed. While IBI was 6.7% shorter in the presence vs. absence of vessels (p = 0.025), AICc model comparisons indicated that a linear effect of the number of vessels on IBI resulted in a better model (ΔAICc = 5.78), suggesting a 3.4% decrease in IBI for each additional vessel (p = 0.001, Table 7). The categorical model for number of vessels did not indicate an obvious threshold effect for deviation, speed or IBI.


TABLE 4. Summary statistics for movement and behavioral metrics, deviation, speed, and inter-breath interval (IBI).

[image: Table 4]

TABLE 5. Estimated coefficients and standard errors from the AICc-best linear mixed effects model of the effects of vessel presence on log(Deviation) (n = 2950 fixes) while controlling for behavioral state, location, Julian date, Beaufort sea state, distance from site, and time between fixes.

[image: Table 5]

TABLE 6. Estimated coefficients and standard errors from the AICc-best linear mixed effects model of the effect of vessel presence on sqrt (Speed) (n = 3,136 fixes) while controlling for behavioral state, year, location, and distance from site.

[image: Table 6]

TABLE 7. Estimated coefficients and standard errors from the AICc-best linear mixed effects model of the simple linear effect of number of vessels on log(Inter-Breath Interval) (IBI) (n = 5,396 observations), while controlling for behavioral state, location, time, Julian date, year, and dive type.

[image: Table 7]


Percent Time Spent With Vessels (Obj. 2)

The mean percent time humpback whales were observed in the presence of vessels was 33% ± 39.2% (range = 1–100%) during tracks and 29% ± 36.7% (range = 1–100%) during sightings. During 40% of tracks and 44% of sightings, no vessels were present. During 16% of tracks and 11% of sightings, vessels were present for the entire time. Humpback whale directionality averaged 0.72 ± 0.308 (range = 0.01–1.00, n = 177) and RESP averaged 0.55 ± 0.26) breaths/min (range = 0.16–1.52, n = 201). Percent time spent in the presence of vessels did not significantly affect directionality. However, the best fit model for RESP included percent time spent with boats, behavioral state, date, and location, and indicated that the more time a whale spent in the presence of vessels during a track, the higher the RESP (p = 0.011).



Behavioral State Transitions (Obj. 3)

A total of 5,489 behavioral events were recorded during 201 sightings (presence: 40.3%, n = 2213; absence: 59.7%, n = 3,276; Table 8). In the presence and absence of vessels, the predominant behavioral state observed was TRA (presence: 66.6%, absence: 76.1%), followed by FED (presence: 31.7%, absence: 21.5%), RES (presence: 1.4%, absence: 1.6%), and SAB (presence: 0.3%, absence: 0.8%). Markov chain analysis including TRA, FED, and SAB indicated that the transition probability between behavioral states differed by vessel presence (goodness-of-fit test, χ2 = 33.4; df = 4; p < 0.001). In the presence and absence of vessels, whales were likely to continue engaging in FED and TRA (FED → FED, presence = 96.7%, absence = 95.7%; TRA → TRA, presence = 98.2%, absence = 98.5%). In the presence of vessels, SAB more frequently transitioned to FED (SAB → FED, presence = 42.9%, absence = 3.7%) or TRA (SAB → TRA, presence = 14.3%, absence = 7.4%), while in the absence of vessels, whales were more likely to continue SAB (SAB → SAB, absence = 88.9%, presence = 42.9%).


TABLE 8. Number of observations of whales in Juneau waters according to behavior states for presence (with whale watching vessels) and absence (without whale watching vessels) situations.

[image: Table 8]Monte Carlo simulations indicated that in the presence of vessels, the activity budgets of whales included less TRA and SAB (Figure 2). In the presence of whale-watching vessels, TRA composed 71.1% of the activity budget, compared to 80.7% in the absence of vessels, and SAB was 0.2% in the presence of vessels, compared to 0.9% in the absence of vessels. FED was also a large proportion of the activity budgets of whales, consisting of 28.6% in the presence of vessels and 18.4% in the absence (Table 9).
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FIGURE 2. Difference in activity budgets (proportion of time spent in behavioral states) between vessel presence and vessel absence situations. The density distributions derive from 1000 Monte Carlo simulated sightings, each representing a 7.5-h long time series either in the presence or absence of whale-watching vessels. An increase in each state in the presence of vessels is indicated by a positive difference, whereas decrease in each state in the presence of vessels is shown as a negative difference. No difference is represented by red dashed lines.



TABLE 9. Activity budgets of whales during vessel presence and vessel absence situations, estimated by Monte Carlo simulations.

[image: Table 9]


DISCUSSION

The results of this study reveal differences in humpback whale movement and behavior according to the presence of vessels, number of vessels, and time spent with vessels. Overall, in the presence of vessels, humpback whales demonstrated a larger deviation from their straight-line path, higher swimming speeds, and shorter IBIs. Higher deviation and shorter IBIs were also associated with the number of vessels, deviation significantly increasing and IBI significantly decreasing with each additional vessel present. A higher percentage of time spent with vessels was also correlated with higher RESP. Humpback whales that were feeding or traveling were likely to continue in those behavioral states whether in the presence or absence of vessels, but individuals were more likely to cease surface activity in the presence of vessels.


Whale-Watching Vessels (Obj. 1)

Horizontal movement metrics, such as changes in direction and increased swimming speed, are often used to identify vessel avoidance strategies by whales (Baker and Herman, 1989; Schaffar et al., 2013; Christiansen et al., 2014). The present study detected both a 38.5% higher deviation and 5% higher speed in the presence of vessels. Humpback whales have previously demonstrated increased path sinuosity (Schaffar et al., 2009; Stamation et al., 2010) and avoidance orientation in relation to vessels (Baker and Herman, 1989). Increased speeds in the presence of vessels has also been detected on humpback whale breeding grounds in the South Pacific (Schaffar et al., 2013) and South Atlantic (Morete et al., 2007). Direction changes and increased speeds are an energetically efficient strategy for humpback whales to avoid a perceived threat (Ford and Reeves, 2008; Senigaglia et al., 2016). While this ‘flight’ response may require less energy than a ‘fight’ response (i.e., surface-active behaviors) (Pitman et al., 2017), increased energetic expenditure spent avoiding vessels in highly trafficked areas, like Juneau, could be cumulative and decrease physical fitness over time.

Indicators of disturbance include changes in dive patterns and surfacing intervals (Bejder and Samuels, 2003). In the present study, shorter IBI in the presence of vessels indicates an increase in blow frequency. Furthermore, as the number of vessels increased, humpback whales exhibited significantly shorter IBI. These results support a meta-analysis by Senigaglia et al. (2016), which determined that mysticetes (i.e., baleen whales) tended to decrease IBI when whale-watching vessels were present. Previous studies in Juneau have also associated the presence of vessels with changes in breathing intervals (Baker et al., 1986) and increased variability in time spent at the surface (Peterson, 2001). Similarly, fin whales (Balaenoptera physalus) off the coast of Maine exhibited higher respiration rates and reduced dive durations, surface durations, and number of blows per surfacing sequence when whale-watching vessels were nearby (Stone et al., 1992). A decrease in IBI during interactions with whale-watching vessels can be of particular concern when it indicates a relative decrease in foraging efficiency, as seen in minke (B. acutorostrata) and fin whales (Christiansen et al., 2013b; Lesage et al., 2017). Furthermore, shorter IBI in the presence of vessels can reflect increased energetic expenditure and result in higher levels of oxygen consumption needed to recover (e.g., from increased speed to avoid vessels) (Christiansen et al., 2014).



Time Spent With Vessels (Obj. 2)

As the percent time spent with vessels increased, the respiration rate increased. Over the course of a track, whales may be disturbed by vessel noise of tracking whale-watching vessels (Richardson et al., 1995) due to the strong or rapid changes in engine and propeller speed (Watkins, 1986). Alterations in whale breathing patterns to persistent vessel exposure can indicate vessel avoidance of these sound levels. Multiple vessels simultaneously tracking a whale will accentuate this effect (Holt et al., 2009). Vessel characteristics (e.g., size and engine type) and vessel approach (e.g., angle and speed) are also likely to elicit different responses in whales. However, these factors could not be isolated due to the large proportion of humpback whale observations collected in the presence of >1 vessel. Furthermore, while the present study considered vessels present as those tracking whales within 500 m, it is likely that the vessel detection range for whales is >500 m (Baker and Herman, 1989; Richardson et al., 1995) as cetaceans respond to stimuli as far as tens of kilometers away (Baker and Herman, 1989; Richardson et al., 1995). Therefore, disturbance from vessel noise may be heightened in heavily trafficked areas, like Juneau. While not measured in the current study, information regarding detectable ranges of vessel engine sound in the tour area, and observations of whale movement and behavior with larger vessel distance thresholds, would help to validate this supposition.



Behavioral State Transitions (Obj. 3)

The present study reflects results from data collected in Juneau by Di Clemente et al. (2018), which demonstrated that humpback whale activity budgets in the presence of vessels consisted of less traveling and more feeding than in the absence of vessels. This could also reflect that whale-watching tours are more likely to select a feeding whale to watch over a traveling whale. However, humpback whales did not alter their feeding or traveling behaviors based on vessel presence. Previous research in Alaska has indicated that feeding humpback whales are less likely to alter their behavioral state in response to approaching vessels than non-feeding whales (Krieger and Wing, 1984, 1986; Peterson, 2001), suggesting that the need to build energy reserves while on the feeding grounds supersedes abandoning feeding even if disturbed. Responses may also occur beneath the surface, such as decreases in humpback whales feeding efficiency as seen with increased sound levels from vessels (Blair et al., 2016). By contrast, minke whales in Faxafloìi Bay, Iceland, decreased feeding behavior as a result of whale-watching vessel presence (Christiansen et al., 2013b). Differences in observed responses may vary by prey type, prey densities, and availability of food elsewhere (Krieger and Wing, 1986). Furthermore, the low number of recorded transitions between traveling and feeding could reflect the inability of shore-based observations to confirm humpback whales feeding at depth. Due to the importance of feeding in the area, it is possible that some straight, directional movement observed at the surface, could have also included feeding beneath the surface.

The only significant effect of vessel presence on humpback whale activity budgets was with respect to surface active behavior. Similar to Di Clemente et al. (2018), humpback whales in the absence of vessels were more than twice as likely to continue surface active behaviors, and whales in the presence of vessels were twice as likely to transition from surface active behavior to traveling. In other studies in Alaska, humpback whales increased surface active behaviors in the presence of vessels, potentially representing aggressive (e.g., tail breaching and lob tailing) and negative responses to vessels (Baker and Herman, 1989; Peterson, 2001). Transitions from vocal communication to non-vocal surface-generated communication (i.e., breaching, tail-slapping) by humpback whales have also been detected in noisy environments (i.e., increased background noise, high wind speeds) (Dunlop et al., 2010). However, surface active behavior has also been attributed to communication to distant groups (Kavanagh et al., 2017). This indicates that cessation of surface active behavior could result from acoustic masking due to vessel noise and subsequent inability to communicate (Richardson et al., 1995; Gabriele et al., 2018). However, due to the relatively small proportion of time whales spend resting and in surface active behaviors, in comparison to feeding and traveling, a larger sample size is needed to support the findings of the present study.



Potential Long-Term Effects

The present study did not directly address long-term consequences of vessel presence; however, it is possible that the measured short-term effects on whale movement and behavior could have cumulative effects on individuals and local populations in areas of high disturbance. Increased energetic expenditure and potential decreases in feeding efficiency, as evidenced by increased direction changes, higher traveling speeds, and changes in breathing and diving patterns, could have negative long-term effects. Prolonged energetic expenditure due to vessel avoidance behaviors may deplete energy reserves and disrupt homeostasis, ultimately causing physical fitness decline in whales (Beale, 2007). These physiological consequences, if extreme enough, could cause population decline, influencing reproductive success or decreasing chances of survival (Bejder and Samuels, 2003).

Humpback whales exhibit a high degree of feeding site fidelity (Calambokidis et al., 2001; Weinrich and Corbelli, 2009) to both general feeding areas (Baker et al., 1990) and to specific regions within the feeding grounds (Weinrich, 1998; Stevick et al., 2006). This may be an adaptive strategy to maximize prey intake by feeding on “known” prey resources that are predictable in time and space (Stevick et al., 2006). Humpback whales that remain in highly trafficked areas despite high exposure to vessel presence and associated stressors may do so because they rely on the resources from that area or they no longer perceive the presence of vessels as a threat.

Negative effects on whales may be minimized over time by habituation to vessel presence (Watkins, 1986). On the New England feeding grounds, Watkins (1986) determined that since whale watching began in 1976, humpback whales in the presence of vessels are more likely to continue their previous activity or respond by approaching vessels. Furthermore, despite high vessel pressure in the Juneau tour area, several individual humpback whales continue to return in subsequent years, often being observed multiple times a season (Teerlink, 2017). In a study by Teerlink et al. (2018), humpback whales in the Juneau area at the end of a whale-watching season (September) did not exhibit higher levels of the stress hormone, cortisol, compared to more remote regions. The lack of physiological stress responses detected in humpback whales in Juneau could indicate that repeated short-term disturbances may not be causing chronic stress. However, it is also possible that whales more sensitive to the presence of vessels had already left the tour area to avoid vessels, and the samples of whales in Juneau were biased toward whales more tolerant of vessels (Bejder et al., 2006a).

The expansion and persistence of vessel presence could result in alteration of humpback whale ranging patterns or habitat utilization. Changes in humpback whale distribution in an effort to avoid vessels could be detrimental not only to the whales, but to the profitability of the Juneau tour industry. In nearby Glacier Bay, habitat abandonment by humpback whales in response to vessel exposure has already been documented (Dean et al., 1985). Similarly, individual humpback whale singers in Brazil have responded to high vessel traffic by either moving out of recording range or discontinuing songs (Sousa-Lima and Clark, 2008). Bottlenose dolphins in Milford Sound, New Zealand have also adjusted their seasonal residency patterns in response to heavy vessel traffic (Lusseau, 2005).



Management Recommendations

Regulations were established in Alaska to prevent “take,” defined under the MMPA as an action to “harass, hunt, capture, or kill, or attempt to harass, hunt, capture, or kill any marine mammal.” The present study revealed that there are significant differences in short-term whale movement and behavioral patterns in the presence of vessels. This indicates that the current regulations, including to “not disrupt the normal behavior or prior activity of a whale” (Table 1), may not be adequate to reduce takes of humpback whales. Therefore, revisiting the humpback whale approach regulation and expanding the existing vessel approach limit to create a larger buffer around the whales should be considered by management to help reduce vessel impacts on humpback whales. The present study also determined that changes in deviation and IBI occurred in response to the number of vessels. Restrictions on the maximum number of vessels around whales or limits to the number of vessels in the industry does not currently exist. Managing the number of vessels watching whales would minimize vessel effects on whale movements and behavior.

The management approach in Alaska should continue to be supplemented with education programs encouraging operator participation in voluntary best practices. Whale SENSE was introduced in Alaska in 2015 (NOAA Fisheries Whale and Dolphin Conservation, 2018). In 2018, 44% of the companies that offered dedicated whale-watching tours in Juneau participated in the program, consisting of approximately 67% of vessels in the industry (Schuler, unpublished data). This program aims to minimize harassment of whales through the education of naturalists, captains, and passengers and promotion of responsible whale-watching practices. Programs such as Whale SENSE can help to manage tourist viewing expectations and encourage operator compliance (Filby et al., 2015). By combining evidenced-based regulations with effective educational programs, a sustainable whale-watching industry can be maintained.



CONCLUSION

The whale-watching industry in Juneau, Alaska, has grown alongside increasing humpback whale populations and rising tourist demand over the past 20 years. The present study revealed significant short-term differences in humpback whale movement and behavior in the presence of vessels that could negatively impact the health and predictability of the resource on which the industry relies. To determine if the short-term behavioral effects observed in this study manifest into long-term fitness consequences, the population should continue to be monitored. In the meantime, it is recommended that management bodies revisit the current regulations and guidelines and incorporate recent scientific research findings to ensure the sustainability of the industry. The precautionary principle, which should provide a buffer for scientific uncertainty (Reynolds et al., 2009), and proactive approaches should be implemented in order to ensure the viability of the whale-watching industry and the species upon which it depends.
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Regulations and Guidelines in Alaska

NOAA Humpback Whale (1) Not approach within 100 yards of a
Approach Regulations require humpback whale
that you:

(2) Not place your vessel in the path of
oncoming humpback whales causing
them to surface within 100 yards of
your vessel

(3) Not disrupt the normal behavior or prior
activity of a whale

(4) Operate at a slow, safe speed when
near humpback whales

General Marine Mammal (1) Remain at least 100 yards from
Viewing Code of Conduct marine mammals
recommendations:

(2) Time observing individual(s) should be
limited to 30 min

(8) Whales should not be encircled or
trapped between boats, or boats and
shore

(4) If approached by a whale, put the
engine in neutral and allow the whale to
pass
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Month Location Data collection days Survey Hours Number of follows Focal follow hours Number of fixes
2016 2017 2016 2017 2016 2017 2016 2017 2016 2017
May Point Lena 0 4 0 22 0 12 0 8 0 193
Point Retreat 0 0 0 0 0 0 0 0 0 0
June Point Lena 13 19 94 105 15 4 8 34 138 896
Point Retreat 0 5 0 40 0 20 0 22 0 599
July Point Lena 19 13 115 81 19 16 12 8 163 165
Point Retreat 5 12 36 69 3 20 2 15 30 167
August Point Lena 13 12 70 64 5 g9 4 6 56 73
Point Retreat 7 4 41 26 12 12 14 19 267 425
September Point Lena 11 6 45 23 10 4 7 2 94 27
Point Retreat 0 3 0 11 0 2 0.0 4 0 42
October Point Lena 1 0 4 0 1 0 1 0.0 5 0
Point Retreat 0 0 0 0 0 0 0.0 0.0 0 0
Total 69 78 405 441 65 136 48 118 753 2577
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Behavioral State

Feeding (FED)
(frequent changes in directional movement or
observed surface feeding)

Resting (RES)

(slow, directionless movement with slow activity
level)

Surface Active (SAB)

(aerial activity that breaks the surface of the
water)

Traveling (TRA)
(steady, directional movement)

Behavioral event

Lunge feeding

Open mouth feeding
Logging

Chin slapping

Flipper slapping

Full breach

Half breach
Lob tailing

Rolling
Spy hopping
Tail breaching

Fluke low dive

Fluke up dive

Description

Rapid surfacing with pleats extended. At the surface, the mouth is closed as
prey items are filtered from the water. Surfacing may be either lateral or vertical

Slow surfacing with an open mouth, baleen visible, and pleats extended
Stationary horizontal position at the surface lasting > 30 s

Propelling the body out of the water vertically, without spinning. The ventral side
makes contact with the water surface

The whale slaps its pectoral fippers on the water’s surface

Propelling more than half of the body out of the water, spinning either clockwise
or counter clockwise

Breaching with half or less of the body out of the water

Stationary horizontal position in the water, repeated slapping of the fluke onto
the water’s surface, with dorsal side visible

When horizontal in the water, a partial or complete body rotation at the surface
Surfacing head-first either at an angle or vertically, rostrum visible, mouth closed
Surfacing the tail-first and forcefully throwing the peduncle laterally out of the
water

Raising the fluke above the surface. The dorsal side of the fluke is visible, little to
no view of the ventral pigmentation pattern of the fluke

Raising the fluke above the surface. Ventral fluke pigmentation pattern visible

Any recorded event not identified was marked as ‘Unidentified’. Modified from \Whale and Dolphin Conservation (2015) and Di Clemente et al. (2018).
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Value Standard Error p-value

(Intercept) 2.806 0.323 <0.001
Vessel Absence Ref Ref Ref

Vessel Presence 0.329 0.077 <0.001
Behavioral State: Traveling Ref Ref Ref

Behavioral State: Feeding 0.602 0.090 <0.001
Behavioral State: Resting —0.860 0.364 0.018
Behavioral State: Surface active 0.489 0.453 0.281
Location: Point Lena Ref Ref Ref

Location: Point Retreat 0.563 0.098 <0.001
Julian Date —0.006 0.002 <0.001
Distance from site 0.000 0.000 <0.001
Time between fixes 0.059 0.007 <0.001

The intercept is the estimated mean log(Deviation) at the reference group (Ref),
while other coefficients are differences from the Ref. Significant p-values are in
Italic type. Ref, reference group in the analysis.
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Mean + SD

Deviation (deg)  Absence 41 £+ 4441
Presence 55 £+ 49.3

Speed (kph) Absence 5+3.0
Presence 5433

IBI (sec) Absence 117 £180.5
Presence 83 + 133.8

Minimum Maximum

0.02
0.02
0.01
0.04
4
4

180.00
179.99
22.18
22.58
1193
1202

n

1271
1679
1886
1250
3361
2035
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Value Standard Error p-value

(Intercept) 5.352 0.285 <0.001
Number of Vessels —0.035 0.011 <0.001
Behavioral State: Traveling Ref Ref Ref
Behavioral State: Feeding —0.010 0.039 0.808
Behavioral State: Resting 0.448 0.167 0.008
Behavioral State: Surface active —0.345 0.174 0.048
Time 0.460 0.150 0.002
Julian Date 0.005 0.001 <0.001
Year: 2016 Ref Ref Ref
Year: 2017 —-0.212 0.100 0.035
Location: Point Lena Ref Ref Ref
Location: Point Retreat —0.421 0.068 <0.001
Dive Type: Fluke Up Ref Ref Ref
Dive Type: No fluke —2.375 0.036 <0.001

The intercept is the estimated mean log(IBl) in the absence of vessels and at
the reference group (Ref), while other coefficients are differences from the Ref.
Significant p-values are in Italic type. Ref, reference group in the analysis.
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Value
(Intercept) 2.265
Vessel Absence Ref
Vessel Presence 0.060
Behavioral State: Traveling Ref
Behavioral State: Feeding —0.036
Behavioral State: Resting —0.528
Behavioral State: Surface active —0.285
Point Lena Ref
Point Retreat —0.100
Year: 2016 Ref
Year: 2017 —0.068
Distance from Site 0.000

Standard Error

0.053
Ref
0.030
Ref
0.036
0.146
0.179
Ref
0.051
Ref
0.041
0.000

p-value

<0.001
Ref
0.048
Ref
0.310
<0.001
0.110
Ref
0.051
Ref
0.099
0.001

The intercept is the estimated mean sqrt (Speed) at the reference group (Ref), while
other coefficients are differences from the Ref. Significant p-values are in Italic type.

Ref, reference group in the analysis.
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Behavior State Activity budget

Feeding (FED) Absence
Presence
Surface active (SAB) Absence
Presence
Traveling (TRA) Absence
Presence

Mean + SD

0.1839 £ 0.133
0.2863 £ 0.160
0.0088 + 0.021
0.0023 £ 0.005
0.8073 £0.133
0.7114 £ 0.160

HPD

0-0.442
0-0.585
0-0.049
0-0.014
0.545 -1.000
0.411 - 1.000

HPD, 95% highest posterior density interval; SD, standard deviation.
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