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Abstract 28 

 29 

Behavioral responses of Risso’s dolphins (Grampus griseus) to whale-watching 30 

vessels were studied off Pico Island, Azores. Dolphin behavior was studied from 31 

land, enabling observations of groups in the absence and presence of vessels. The 32 

number of whale-watching vessels showed a clear seasonal pattern, dividing the 33 

whale-watching period in a low season and a high season. During the low season, 34 

Risso’s dolphins rested mainly in the morning and afternoon. During the high season, 35 

this bimodal pattern changed markedly and Risso’s dolphins rested mainly at noon, 36 

when the number of active vessels was lowest. Also, significantly less resting was 37 

observed during the high season. Data analysis using a generalized additive model 38 

(GAM) showed that this change in resting behavior was strongly associated with 39 

vessel abundance and pointed to a threshold vessel abundance. When more than 40 

four vessels were present, Risso’s dolphins responded by shifting from resting to 41 

traveling behavior. During the high season, this threshold vessel abundance was 42 

exceeded during 19% of observation days. Reduced resting rates can have negative 43 

impacts on the build-up of energy reserves and ultimately on reproductive success. 44 

We suggest management measures regulating the timing and intensity of whale-45 

watching activities. 46 

 47 
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Introduction 51 

 52 

Whale-watching tourism has grown to a great extent over the last few decades, 53 

leading to a strong rise in the exposure of cetaceans to boat traffic and interactions 54 

with humans (Miller 1993, Hoyt 2001 use revised IFAW 2009 report). Although 55 

marine ecotourism can benefit the conservation of cetacean species through the 56 

increase of public awareness (Duffus and Dearden 1990), whale-watching activities 57 

also may have harmful effects on the animals. Cetaceans have shown a range of 58 

short- to long-term behavioral reactions to whale-watch vessels; several  that seem 59 

comparable to predator-avoidance responses (e.g. Williams et al. 2002). These 60 

responses include horizontal and vertical avoidance (Janik and Thompson 1996, 61 

Nowacek et al. 2001, Williams et al. 2002), change in vocalizations (Richardson et al. 62 

1995), changes in activity and energy budgets (Lusseau 2003a, b, 2004; Williams et 63 

al. 2006), changes in habitat use (Baker and Herman 1989, Allen and Read 2000), 64 

displacement (Kruse 1991, Lusseau 2005), and a decline in abundance in small, 65 

resident populations (Bejder et al. 2006).  66 

 67 

The nature and strength of cetacean responses to whale watching has been linked to 68 

the intensity of vessel traffic, human swimming activities, and vessel conduct (Bejder 69 

et al. 2006, Stensland and Berggren 2007, Williams and Ashe 2007). The response 70 

also depends on cetacean behavior prior to exposure, the age and sex of individuals, 71 

their past experiences and habituation (e.g. Erbe 2002). Cetaceans may react to 72 

vessel noise because it interferes with their capacity for communication, hearing and 73 

orientation (Van Parijs and Corkeron 2001, Erbe 2002) and they also may try to avoid 74 

vessels to reduce the risk of injury (Constantine 2001, Constantine et al. 2004; 75 
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Lusseau 2003b). Nevertheless, it can be difficult to relate any observed short-term 76 

response to vessel (vessels in general?) presence to long-term biological effects on 77 

cetacean populations. However, changes in behavior often are related to the energy 78 

budget of individuals, and therefore can provide information on the biological 79 

significance of an impact at the population level (Bejder and Samuels 2003). A 80 

decrease in resting behavior of cetaceans in response to human disturbance has 81 

frequently been observed and directly affects their energy budget (e.g. Constantine 82 

2001, Lusseau 2003a). I believe these are examples of resident populations- some 83 

small and with habitat partitioning) 84 

 85 

Whale-watching tourism in the Azores has been growing rapidly since its start in 86 

1992, following an era of whaling on the sperm whale (Physeter macrocephalus). 87 

High cetacean diversity has made whale watching one of the most important tourist 88 

attractions of the archipelago (Magalhães et al. 2002, MARE 2002). In 2004, fifteen 89 

tour operators offered daily trips from seven islands of the Azores, the islands of Pico 90 

and Faial being the main centres of activity. Local legislation to regulate whale-91 

watching activities was implemented in 1999, including guidelines on approach 92 

distances, duration of interactions, angle of approach and maximum number of 93 

vessels allowed per cetacean group. Also, more strict regulations apply to groups 94 

with calves (Carlson 2008). Swimming is allowed with five species of wild dolphins, 95 

including Risso’s dolphin (Grampus griseus) and bottlenose dolphin (Tursiops 96 

truncatus). However, compliance with these regulations has been incomplete (qualify 97 

incomplete if possible) (Magalhães et al. 2002). Due to the presence of cetaceans in 98 

inshore waters, whale-watching vessels can be guided very efficiently by an observer 99 
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from land, making it difficult for targeted cetaceans to avoid vessel encounters (this 100 

also makes them a potential target of recreational vessels). 101 

 102 

Risso’s dolphin is one of the target species of whale-watching activities in the Azores 103 

(Gomes Pereira 2008). They are relatively shy cetaceans and do not approach boats 104 

readily (Tinker 1988). Off Pico Island, more than 1000 individuals have been 105 

identified, many of which are present in the inshore waters on a regular basis. Risso’s 106 

dolphin individuals show high site fidelity in the area, as well as a complex social 107 

organization involving stable, long-term bonds and age- and sex-specific social 108 

segregation (Hartman et al. 2008). Also, a considerable part of the identified 109 

population is composed of mother-calf pairs, indicating that the area may serve as a 110 

nursing ground. This population structure makes Risso’s dolphins in the Azores 111 

potentially vulnerable to disturbance. 112 

  113 

To determine the impact of whale-watching activities (on Risso’s dolphins) around the 114 

Azores, we investigated the effects of vessel presence and abundance on the 115 

behavior of Risso’s dolphins. Since Risso’s dolphins can be observed readily in 116 

Azorean inshore waters, we studied the behavior of Risso’s dolphins from a land-117 

based platform. Land-based observations have little or no impact on the animals 118 

studied, enabling unbiased comparisons of behavior in the absence and presence of 119 

whale-watching vessels (Williams et al. 2006).  120 

 121 

Methods 122 

 123 

Research area 124 
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From May 1 until October 28, 2004, daily land-based observations were made from a 125 

fixed look-out at 30 m above sea level on the south coast of Pico island, Azores 126 

(38°24’ N, 28°11’ W). The observations were conducted using Steiner Observer 127 

binoculars (Steiner Binoculars, Bayreuth, Germany), with 25x magnification and 80 128 

mm objective lenses. The sighting range from our land-based look-out was 129 

determined empirically by recording the GPS locations of our research vessel at the 130 

limits of the sighting range. Results indicate that the sighting range from the look-out 131 

was 11 nautical miles (Nm) offshore, encompassing a research area of 115 Nm2 (Fig. 132 

1) and that the presence of Risso’s dolphin could be determined reliably up to 8 Nm 133 

offshore. Whale-watching companies operating in the research area generally 134 

organize two trips per day. Trips usually last 3-4 hours, starting at 09:30/10:00 h and 135 

at 14:00/14:30 h, with occasional evening or whole day trips. Most vessels observed 136 

in the research area depart from the harbor of Lajes do Pico (Pico Island); the 137 

remainder depart from Madalena (Pico Island), or Horta (Faial Island). 138 

 139 

Data collection 140 

Observations were conducted daily, at regular intervals between sunrise and dawn. 141 

Two types of sampling were used: surveys and focal follows. Sea state on the 142 

Beaufort scale (Bft), visibility and weather conditions were recorded at the start of 143 

each observation and whenever a change in these variables was observed. 144 

Standardized surveys, conducted at the start of all observations, consisted of a scan 145 

of the research area, recording the number of Risso’s dolphin groups and individuals 146 

and the number of whale-watching vessels present (point sampling; Mann 1999). The 147 

area was scanned twice to account for individuals submerged or missed during the 148 
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first scan. Surveys had a duration of 15-30 minutes to allow for comparison between 149 

surveys and were spaced at least two hours apart to obtain independent samples.  150 

 151 

Behavioral observations recorded during focal follows consisted of sampling of group 152 

size, group composition, location, direction and speed of travel, group formation 153 

(spacing), display events and behavior of Risso’s dolphin groups, using a 154 

standardized ethogram (Mann 1999). Behavioral parameters were recorded once 155 

every minute. The relatively small average group size of Risso’s dolphin largely rules 156 

out the vulnerability to sampling bias of focal group sampling (Bejder and Samuels 157 

2003, Hartman et al. 2008). Focal groups were followed for at least 15 minutes, 158 

unless the group moved too far offshore for reliable observation or sighting conditions 159 

deteriorated. We recorded the number of whale-watching vessels present at the start 160 

of each observation, and the timing of vessels entering and leaving the research area 161 

during the observations.  162 

 163 

Behavior of Risso’s dolphin 164 

A group of Risso’s dolphins was defined as a set of individuals which interacted 165 

socially and/or showed coordinated activity in their behavior (Whitehead 2003). In 166 

general, Risso’s dolphins in the area formed tight groups with interanimal distances 167 

<15 m (Hartman et al. 2008). The largest group spacings, up to 50 m, were usually 168 

observed during foraging. We distinguished four mutually exclusive behavioral types: 169 

resting, traveling, socializing and foraging (Altmann 1974, Shane 1990). Resting was 170 

defined as individuals organized in cohesive group formation, moving at low speed, 171 

with events of logging (define) individuals and characterized by calm, regular surface 172 

behavior. Traveling was defined as individuals moving steadily in a directional path, 173 
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at normal to high speed. Socializing behavior was defined as individuals showing 174 

interanimal interaction (contact) and regular surface display events in cohesive group 175 

formation, with larger socializing groups generally organized in dynamically 176 

interacting sub-groups. Foraging behavior was defined as loosely spaced individuals 177 

or pairs, with individuals displaying regular, long, non-synchronized dives.  178 

 179 

The behavioral budget and group size of Risso’s dolphin were determined from focal 180 

follow data. Activity rates were calculated on hourly and monthly time scales from the 181 

cumulative time over which a behavioral state was observed divided by the total effort 182 

of focal follow observations during that period. Relative abundance of Risso’s 183 

dolphins was calculated as the average number of individuals present per survey. 184 

Observations at Bft >3 or at limited visibility and focal follows <15 minutes were 185 

excluded from analysis.  186 

 187 

Intensity of whale watching 188 

The intensity of whale watching was determined by calculating vessel abundance on 189 

hourly, daily and monthly time scales. Seasonal patterns were quantified by 190 

calculating the total number of vessels frequenting the research area per observation 191 

day. Based on seasonal variation in whale-watching intensity, the research period 192 

was divided into a high season (July and August) and low season (May, June, 193 

September and October). Daily patterns were quantified by calculating average 194 

vessel abundance at 1 hour-intervals. Whale-watching intensity was calculated for 195 

the total period, including days of rough sea state conditions (Bft>3).  196 

 197 

Statistical analysis 198 
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We used generalized additive models (GAMs) to examine the effect of vessel 199 

presence in the research area on the behavior of the dolphins. GAMs allow for non-200 

linear relationships between variables by fitting smoothed non-linear functions of 201 

continuous explanatory variables without imposing parametric constraints (Hastie and 202 

Tibshirani 1990). The optimal degree of flexibility that can be justified by the data is 203 

estimated using a maximum likelihood function, while restricting the model to avoid 204 

overparametrizing or oversmoothing (Wood 2006). The complexity of the smoothing 205 

curve representing a relationship is given by the estimated degrees of freedom (edf), 206 

where higher numbers of edf indicate a more complex curve. Data were modeled 207 

using the MGCV library in R, version 2.7.0 (Wood 2006, R 2009).  208 

 209 

The data input for the GAM analysis consisted of the focal follow observations during 210 

which dolphin behavior was recorded as binary variable (behavior present/absent) 211 

once per minute. Models were fitted separately for each of the four behavioral types. 212 

We expected temporal autocorrelation between the data points, which means that the 213 

behavior at time t is related to the behavior at time t-n, where n describes the time-lag 214 

(in minutes). To correct for temporal autocorrelation, we added the preceding data 215 

points at time lags t = 1, 2,…, n as predictor variables in the GAM analysis. This 216 

process approximates the fitting of an autoregressive time-series model to data from 217 

each focal follow. Time lags were added sequentially, starting with a time lag of 1 218 

minute, until the time lag n at which the novel predictor variable was no longer 219 

significant. We were interested in effects of vessel presence on the behavioral 220 

budget. Therefore, vessel abundance was included as explanatory variable in the 221 

GAM. Although not strictly a continuous variable, it was entered as a candidate for 222 

smoothing [s(x)] by MGCV, allowing for a maximum of 3 edf. In addition, dolphin 223 
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behavior is likely to vary on different temporal scales, and the behavioral budget of 224 

Risso’s dolphin may, for example, show daily and seasonal variation irrespective of 225 

vessel presence. Therefore, we included the effects of time of day and time of year 226 

as categorical variables (factors) in our model. The variable time of day was 227 

categorized into 2-hour blocks (8:00-9:59; 10:00-11:59, etc.). Likewise, time of year 228 

was grouped into three categories: May-June, July-August, and September-October.  229 

 230 

The full R code for each behavioral type was thus: {Behavior_type ~ s(Vessel 231 

abundance, k=4) + [as.factor(time of day: time of year)] + [as.factor(predictor(t-1)] + 232 

[as.factor(predictor(t-2)]... + [as.factor(predictor(t-n)], family = binomial(link=logit)}  233 

 234 

We followed a backward selection approach to estimate the optimal model (using P < 235 

0.05 as selection criterion). In addition, variables were removed from the model only 236 

if this did not substantially increase the Akaike information criterion (AIC) of the 237 

model. If the estimated number of edf was near 1 for a smoothing term, and there 238 

was no apparent pattern in the residuals, then the smoother function was replaced by 239 

a linear term. 240 

 241 

For those behaviors which showed a significant relation with vessel abundance, we 242 

tested for the level that the effect became significant. This was done by treating 243 

‘vessel abundance’ as a threshold variable (factor), instead of a smoother variable, 244 

which was evaluated from a threshold vessel abundance of 1 to 10 vessels in a 245 

series of successive runs of the model. 246 

All other statistical tests were performed in SPSS, version 12.0. A significance 247 

level of P<0.05 was used for all analyses. 248 
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 249 

 250 
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Results 251 

Research effort 252 

During 172 observation days, we conducted 448 focal follow observations and 87 253 

surveys during suitable environmental conditions. The focal follow observations 254 

yielded 9197 observation records (of 1 minute each) in total, with 4615 observation 255 

records in the low season and 4582 observation records in the high season. 256 

 257 

Intensity of whale watching 258 

A total of 487 vessel visits was recorded in the research area, including 460 visits of 259 

whale-watching vessels and 27 visits of fishing vessels and pleasure boats. Thus, 260 

whale-watching vessels constituted almost 95% of all vessels visiting the research 261 

area. Whale-watching vessels were present during 42% of the observation days. The 262 

whale-watching season started in spring, with one observation of vessel presence in 263 

May and daily activities starting in mid-June. Vessel abundance strongly fluctuated 264 

over the research period, showing significant differences between months (Kruskal-265 

Wallis Test, H= 93.1, df=5; P<0.001) (Fig. 2). During the high season months (July 266 

and August), we recorded 6.0 ± 4.7 (mean ± SD) vessels per day, while we recorded 267 

1.0 ± 1.8 vessels per day during the low season months (May, June, September, 268 

October).  269 

 270 

The intensity of whale watching showed a bimodal distribution over the day, resulting 271 

from the timing of the whale-watching trips (Fig. 3). During the high season, two 272 

peaks of high activity, from 10:00-13:00 h and 14:00-1700 h, were separated by a 273 

period of less activity from 13:00-14:00 h. During the low season, activities were 274 

centered primarily in the morning hours (10:00-13:00 h). On average, we recorded 275 
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1.5 - 3 vessels at the same time (watching the same group of Risso’s?) during the 276 

high season, and 0.5 - 1.5 vessels during the low season.  277 

 278 

Risso’s dolphin presence and abundance 279 

The presence of Risso’s dolphin in the research area was largely continuous, with 280 

records during 90% of the observation days and during 74% of the surveys. On 281 

average (mean ± SD), we recorded 2.6 ± 2.5 Risso’s dolphin groups per survey 282 

(range: 0-14). Mean group size (± SD) was 11.1 ± 7.5 individuals with a median 283 

group size of 10 individuals (range: 1-50). Risso’s dolphin relative abundance did not 284 

show significant changes between months over the study period (Kruskal-Wallis test, 285 

H =10.2; df=5; P=0.07).  286 

 287 

Behavioral budget 288 

Based on focal follow data, Risso’s dolphins spent a substantial portion of their time 289 

traveling (0.38), socializing (0.27) and resting (0.25), and less time foraging (0.07) in 290 

our research area. They spent more time  socializing (χ2 = 155.8; df=1; P<0.0001) 291 

and less time resting (χ2 = 124.2; df=1; P<0.0001) during the high season than during 292 

the low season (Fig. 4).  293 

 294 

Activity rates varied during the day (Fig. 5). Foraging behavior was observed mainly 295 

during the early morning and the latter half of the afternoon (Fig. 5e, f). A similar but 296 

less pronounced pattern was observed for socializing (Fig. 5c,d). The time allocated 297 

to traveling remained fairly constant over the day (Fig. 5g,h). There was a clear 298 

difference in the timing of resting between the low season and high season (Fig. 299 

5a,b). The low season was characterized by a double-peaked resting pattern, with 300 
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highest resting rates from 9:00 to 12:00 h and from 14:00 to 16:00 h. During the high 301 

season, the morning peak of resting activity was absent, while the main resting 302 

period was from 13:00 to 14:00 h (Fig. 5b) when vessel abundance was lowest (Fig. 303 

3).   304 

 305 

Statistical analysis 306 

To what extent are the daily and seasonal changes in the behavioral budget of 307 

Risso’s dolphin related to daily and seasonal patterns in whale-watching activities? 308 

(reword and edit down).  According to our GAM analysis, temporal autocorrelation of 309 

the observations occurred at a time lag of 1 minute for all four behavioral types. For 310 

resting, the autocorrelation was also significant at a time lag of 2 minutes. The 311 

corresponding corrections for autocorrelation are indicated as the predictor (t-1) and 312 

predictor (t-2) variables in Table 1. The GAM analysis revealed a significant negative 313 

effect of vessel abundance on resting rate (Table 1), where the effect became 314 

stronger at a higher number of vessels (Fig. 6a). The time of day and time of year, by 315 

themselves, had little effect on the resting rate of Risso’s dolphin. The only intrinsic 316 

seasonal pattern detected by the model analysis was less resting at 10:00-11:00 h of 317 

July and August (Table 1). As a next step, we investigated at which threshold value 318 

the vessel abundance started to have a negative impact on resting rate. This 319 

revealed that resting rate was negatively affected by whale-watching activities as 320 

soon as more than four vessels were present simultaneously in the area (Table 2), 321 

consistent with the shape established by the smoothing curve in Figure 6a. During 322 

the high season, this threshold value of more than four vessels was exceeded in 429 323 

observation records (i.e., 9.4% of the observation records) spread over 14 324 

observation days (27.5% of the observation days). During the low season, the 325 



 15

threshold vessel abundance of four vessels was rarely exceeded (< 1% of the 326 

observation records).   327 

 328 

In addition, the GAM analysis showed a significant positive effect of vessel 329 

abundance on the time allocated to traveling (Table 1, Fig. 6b). Traveling time was 330 

increased significantly when more than three vessels were present in the area (Table 331 

2). No intrinsic seasonal pattern for traveling behavior was detected by the model 332 

analysis. The time allocated to foraging and socializing was not affected by vessel 333 

abundance, but showed significant daily and seasonal variation. That is, foraging was 334 

observed more during the afternoon hours from July to October and less during noon 335 

(12:00-13:00 h) in July and August (Table 1). Socializing was observed more during 336 

the mornings and late afternoon from May-August. 337 

 338 

Overall, the statistical analysis showed that Risso’s dolphins: (i) displayed seasonal 339 

patterns for foraging and socializing; and (ii) spent less time resting and more time 340 

traveling during periods of high vessel abundance. 341 

 342 

Discussion 343 

 344 

Behavioral shifts induced by vessel presence 345 

Our results show a significant effect of whale-watching vessels on the resting 346 

behavior of Risso’s dolphin. Whale-watching vessels usually went out on two daily 347 

trips, one in the morning and one in the afternoon. The number of vessels actively 348 

whale watching?  in the research area showed a clear seasonal pattern, dividing the 349 

whale-watching period in a low and high season. During the low season, Risso’s 350 
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dolphin displayed a bimodal resting pattern; their resting rate peaked at around 11:00 351 

h and 15:00 h. During the high season, this bimodal pattern changed into a single 352 

peak, with highest resting rates at around 13:00 h. As such, the peak resting activity 353 

of Risso’s dolphin during the high season was shifted to the hours of lowest whale-354 

watching intensity, at lunch-break.  355 

 356 

This was not merely a seasonal behavioral pattern. According to our statistical 357 

analysis, resting rate showed a significant negative relation with vessel abundance, 358 

which explains the differences in resting rate between the low and high season. 359 

Other seasonal effects were limited and not related to the observed shift in resting 360 

behavior. Moreover, the analysis revealed that the resting rate did not respond 361 

linearly to vessel abundance, but showed a threshold relationship. Significant 362 

negative effects of vessel abundance on resting behavior could be detected when 363 

more than four vessels were present in the area. Conversely, vessel abundance had 364 

a significant positive effect on the time allocated to traveling, starting at a threshold 365 

vessel abundance of more than three vessels. Thus, high vessel abundance induced 366 

a shift in the behavior of Risso’s dolphins, from resting to traveling. The threshold 367 

vessel abundance inducing this behavioral shift was exceeded during more than 25% 368 

of the observation days in the high season.  369 

 370 

Our results are consistent with other studies on the impacts of vessels on cetacean 371 

behavior (Lusseau 2003a, 2004; Bejder et al. 2006). In particular, threshold 372 

responses seem inherent in the reaction of cetaceans to vessel traffic. Killer whales, 373 

for instance, reacted to whale-watching activities by choosing a less direct travel path 374 

in the presence of 1-3 vessels but a straighter path in the presence of >3 vessels 375 
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(Williams and Ashe 2007). Bottlenose dolphins spent more time on traveling following 376 

interactions with boats (Lusseau 2003a, 2004; Stensland and Berggren 2007), and 377 

avoided areas with intense boat traffic (Lusseau 2005). Moreover, bottlenose 378 

dolphins chose a more erratic path, with increased surface behavior when >2 vessels 379 

were present (Stensland and Berggren 2007). Studies in Shark Bay, Australia, 380 

showed that the regular presence of two whale-watching vessels, opposed to zero or 381 

one, resulted in a decline of a small, resident population of  bottlenose dolphins using 382 

the area with whale-watching activities (Bejder et al. 2006). I would list only 383 

references here.  Also, some of these studies use before, during and after 384 

observations. 385 

 386 

Foraging and socializing 387 

The incidence of foraging and socializing behavior did not show a significant relation 388 

to whale-watching vessels, which may indicate that these behavioral types are less 389 

sensitive to vessel presence. However, foraging primarily occurred outside the high-390 

intensity hours of whale-watching. Foraging activities were concentrated during the 391 

early morning and late afternoon, while very little foraging activity was recorded 392 

between 10:00 h and 15:00 h. Low foraging rates observed during daytime might be 393 

explained by night-time foraging on deep-sea squid, as has been observed for short-394 

finned pilot whales (Globicephala macrorynchus) off California (Shane 1995), both 395 

species being primarily teuthophagous. This also may explain the relatively high 396 

resting rate of Risso’s dolphin observed during day-time (25%), compared to other 397 

cetaceans (Moberg 2000, Nowacek and Wells 2001, Constantine et al. 2003, 398 

Lusseau 2003a). Foraging rates were higher during the afternoon hours of late 399 

summer and autumn, indicating some degree of natural seasonal variation in the 400 
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timing of foraging. Socializing behavior showed seasonal as well as daily variation. 401 

Risso’s dolphins spent significantly more time socializing during the high season (July 402 

and August) and during the morning and afternoon hours of May to August. 403 

 404 

Ecological significance 405 

Risso’s dolphins were present almost continuously in the study area.and previous 406 

research in the area has shown high site-fidelity of individuals and the presence of 407 

newborn calves (Hartman et al. 2008). According to the behavioral budget recorded 408 

in this study, the dolphins displayed a variety of behaviors with considerable time 409 

dedicated to social behavior and resting. These results suggest that the waters off 410 

Pico Island function as a resting, foraging and nursing area for the (a?) population of 411 

Risso’s dolphins (and do so on a daily basis for individuals which are present 412 

regularly in the area reword to clarify- is most of the population here on a regular 413 

basis or only some individuals?).  414 

 Areas used for nursing, resting, foraging and/or socializing form important 415 

habitats for cetaceans (Hoyt 2005a). We observed an overall reduction in daily 416 

resting rates and a shift in the daily resting pattern in response to whale-watching 417 

vessels consistent with previous work of Lusseau (2003b) and Williams et al. (2006) 418 

on bottlenose dolphins and killer whales.  A reduction in resting rates can result in 419 

reduced energy reserves and can negatively affect foraging and reproductive 420 

success, an effect which has been found throughout the animal kingdom (e.g. 421 

Ricklefs et al. 1996, Grantner and Taborsky 1998, Frid and Dill 2002, Williams et al. 422 

2006). Nursing females and their calves form an especially vulnerable group and 423 

disturbances by vessels can suppress the build-up of energy reserves  directly 424 
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affecting reproductive success (Bejder 2005). (clarify this was in a small resident 425 

population) 426 

Management implications 427 

Tourism is growing rapidly in the Azorean islands, including a further increase in 428 

whale-watching activities. Although whale-watching pressure at present in the Azores 429 

is relatively low compared to other regions (Hoyt 2005b; Erbe 2002), our results show  430 

that four or five vessels in a relatively small area can have a profound effect on the 431 

behavioral pattern of Risso’s dolphins. Based on these results, we suggest that 432 

management efforts in relation to current and future whale-watching activities in the 433 

Azores be directed towards management of the number of vessels (all vessels?- if 434 

tourism is increasing it may increase the number of pleasure craft in coastal 435 

areas).per area. Low-intensity vessel presence did not have a significant, negative 436 

effect on observed behavior, providing a reference from which threshold measures of 437 

vessel abundance could be determined (see also Williams and Ashe 2007). 438 

Additionally, it would be beneficial to introduce a time period with no whale-watching 439 

activity several hours per day, to create sufficient resting opportunities for the Risso’s 440 

dolphin population (again, would this consider all vessels? ). Other target species in 441 

the Azores also may benefit, in particular, the bottlenose dolphin(is this a resident 442 

population?) a species that also makes extensive use of the area (Silva 2007) and 443 

has shown sensitivity to vessel traffic in other areas (e.g. Lusseau 2005, Bejder et al. 444 

2006).  445 
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Table 1. Statistical results from the GAM model, investigating the dependence of the four behavioral 570 

types on vessel abundance and temporal variables. In this analysis, vessel abundance was treated as 571 

a smoother variable. Only variables showing a significant relationship are given. The GAM model was 572 

corrected for temporal autocorrelation in the data, as indicated by the predictor variables at time lag t-573 

n. 574 

Behavioral type Factor Coefficient SE Z-statistic P-value 

Socializing Intercept -4.84 0.16 -29.43 <0.0001 

 May-June:8-9 AM 0.74 0.30 2.51 0.01 

 May-June:16-17 PM 1.16 0.54 2.15 0.03 

 May-June:18-19 PM 0.96 0.41 2.33 0.02 

 July-Aug:8-9 AM 0.68 0.28 2.44 0.01 

 July-Aug:10-11 AM 0.74 0.29 2.54 0.01 

 July-Aug:16-17 PM 0.98 0.32 3.01 0.003 

 Predictor (t-1) 7.91 0.18 44.12 <0.0001 

Foraging Intercept -6.07 0.25 -23.83 <0.0001 

 July-Aug:12-13 PM -3.15 1.35 -2.33 0.02 

 July-Aug:14-15 PM 1.21 0.52 2.33 0.02 

 Sep-Oct:16-17 PM 1.74 0.60 2.92 0.004 

 Predictor (t-1) 9.09 0.34 26.93 <0.0001 

Resting Intercept -4.17 0.12 -34.34 <0.0001 

 July-Aug:10-11 AM -0.70 0.32 -2.19 0.03 

 Predictor (t-1) 6.72 0.38 17.86 <0.0001 

 Predictor (t-2) 0.79 0.38 2.08 0.0498 

 Smoother term edf
1
 est. rank

2
 Chi sq. P-value 

 Vessel abundance 2.58 3 10.84 0.01 

Traveling Intercept -4.04 0.11 -37.68 <0.0001 

 Predictor (t-1) 7.33 0.15 49.36 <0.0001 

 Smoother term edf
1
 est. rank

2
 Chi sq. P-value 

  Vessel abundance 1.86 3 9.72 0.02 
1
Edf = estimated degrees of freedom 575 

2
Est. rank = estimated rank 576 
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Table 2. Statistical results from the GAM model for the dependence of the four behavioral types on 577 

vessel abundance and temporal variables. In this analysis, vessel abundance was treated as a 578 

threshold variable (factor). Only variables showing a significant relationship are given. The GAM model 579 

was corrected for temporal autocorrelation in the data, as indicated by the predictor variables at time 580 

lag t-n. 581 

Behavioral type Factor Coefficient SE Z-statistic P-value 

Resting Intercept -4.13 0.12 -35.29 <0.0001 

 July-Aug:10-11 AM -0.58 0.31 -1.89 0.06 

 Predictor (t-1) 6.73 0.38 17.90 <0.0001 

 Predictor (t-2) 0.80 0.38 2.12 0.03 

 Threshold vessel abun. >4 -1.11 0.44 -2.53 0.01 

Traveling Intercept -4.09 0.11 -36.83 <0.0001 

 Predictor (t-1) 7.33 0.15 49.40 <0.0001 

  Threshold vessel abun. >3 0.56 0.24 2.31 0.02 
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Figure legends 582 

 583 

Figure 1. Location of the Azores in the North Atlantic Ocean (left panel). Location of the lookout in 584 

Santa Cruz (SC), and the harbors of Madalena (M), Lajes do Pico (L), and Horta (H) from which the 585 

whale-watching vessels depart (right panel). The outline indicates the research area off Pico Island 586 

covered by our land-based observations from the lookout in Santa Cruz. 587 

 588 

Figure 2. Number of whale-watching vessels per day observed during May-October 2004. Shaded 589 

area indicates the low season, while the non-shaded area indicates the high season. 590 

 591 

Figure 3. Daily distribution of whale-watching vessels (mean ± SE), during the low season and high 592 

season. Data are binned in 1-hour intervals (i.e., 8 = interval 8:00– 8:59 h). 593 

 594 

Figure 4. Behavioral budget of Risso’s dolphin (mean ± 95% CI), for the low season and high season. 595 

Trav = traveling; Soc = socializing; Rest = resting; For = foraging. 596 

 597 

Figure 5. Daily patterns of resting, socializing, foraging, and traveling (mean ± 95% CI), during the low 598 

season (left panels) and high season (right panels). The behavioral budget is expressed as the 599 

average activity rate per 1-hour interval (i.e., 8 = interval 8:00  – 8:59 h). 600 

  601 

Figure 6. GAM smoothing curves of: (a) resting behavior as function of vessel abundance (edf = 2.58), 602 

and (b) traveling behavior as function of vessel abundance (edf = 1.86). Dashed lines represent 95% 603 

confidence intervals. For comparison, the observed resting (a) and traveling (b) rates as a function of 604 

vessel abundance are shown in the panels below. 605 
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