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Abstract18

19

Disturbance from boats has been documented for many species of marine mammals,20

especially cetaceans, but has never been quantified for dugongs. Dugongs depend on21

seagrass for food. This food mostly occurs in shallow coastal areas where boat traffic22

is high. Thus there is potential for boats to alienate dugongs from critical habitat23

areas. Using an overhead video observation system (‘blimp-cam’), we observed the24

behaviour of focal dugongs during controlled boat pass experiments and while no25

boats were present. The percentage of time focal dugongs spent feeding and travelling26

was unaffected by boat presence, the number of boat passes and whether a pass27

included a stop and restart (pass continuity). The duration, distance and direction of a28

focal dugong’s subsurface behaviour were unaffected by number, continuity or29

distance of boat passes. However, focal dugongs were less likely to continue feeding30

if the boat passed within 50 m, than if the boat passed at a greater distance. Mass31

movements of dugong feeding herds in response to experimental and opportunistically32

observed boats were timed on 42 occasions but only lasted an average of 122 s. These33

movements occurred in response to boats passing at a range of speeds, and at34

distances of less than 50 m to over 500 m. The levels of boat traffic we observed may35

reduce dugongs’ feeding time budget by a maximum of 0.8 - 6%. Thus at present36

boats appear unlikely to be having a substantive effect on the energy intake of dugong37

populations at our study site on the Moreton Banks near Brisbane, Australia.38

However, boat traffic is likely to increase in this fast growing region, raising concern39

about the future impact of boats on this and other dugong populations.40

41

Keywords: behaviour, blimp, boat traffic, disturbance, dugong, feeding42
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1. Introduction43

44

Marine mammal populations continue to be threatened by direct human impacts such45

as hunting and incidental takes in fisheries and are under increasing pressure from the46

indirect effects of habitat modification (Marsh et al., 2003). Indirect effects include47

pollution, reductions in food availability, disturbance, and displacement from key48

habitats. Boat traffic is an example of human activity that has the potential to both49

disturb and displace marine mammals (Richardson et al., 1995). Disturbance occurs50

when marine mammals respond to the noise or perceived risk of boat strikes.51

Persistent interruptions of important behaviours such as feeding, courtship and mating52

can be energetically costly and affect the reproductive success of individuals. If,53

together with the direct risk of boat strike, disturbance from boats costs marine54

mammals more than the benefits of the resources available in an area, populations55

may be displaced. However, displacement is not necessarily the most significant56

effect of boat traffic. Animals can move and stay away from the disturbed area only57

when resources are available elsewhere. If animals can move to suitable habitat they58

may be less affected than animals forced to remain and tolerate the effects of59

disturbance (Gill et al., 2001). Both the reduction of habitat availability and the costs60

of disturbance can affect the survival of individual marine mammals and therefore61

entire populations.62

63

In comparison with other marine mammals, there is a relatively large amount of64

literature on the behavioural responses of cetaceans to boats. Many short term65

behavioural responses have been documented, including changes in swim direction66

(Nowacek et al., 2001a; Williams et al., 2002; Lemon et al., 2006), increased swim67
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speed (Kruse, 1991), shortened surfacing times (Gordon et al., 1992; Blane and68

Jaakson, 1994), lengthened interbreath intervals (Stacey and Hvenegaard, 2002;69

Lusseau, 2003a), reductions in inter-individual distances (Bejder et al., 1999; Jelinski70

et al., 2002), changes in the types of surface behaviours exhibited (Baker and Herman,71

1989; Corkeron, 1995; Lemon et al., 2006), reductions in resting behaviour (Lusseau,72

2003b; Constantine et al., 2004), an increase in breathing synchronicity between73

individuals (Hastie et al., 2003) and increased rates of whistle production (Buckstaff,74

2004).75

76

Variations in behavioural responses occur according to the characteristics of the boat77

traffic. In general, marine mammals tend to be most tolerant of boats moving at a78

consistent speed and least tolerant of fast, erratically moving boats (Richardson et al.,79

1995; McCauley et al., 1996). Responses of some cetaceans increase as the level of80

boat traffic increases, (Evans et al., 1992; Blane and Jaakson, 1994; Barr and Slooten,81

1999), and the distance of the passing boat decreases (Nowacek et al., 2001a).82

83

While short term behavioural responses to boats are relatively easy to assess, few84

studies quantify the long term effects of boat traffic, such as displacement85

(Richardson et al., 1995). Some exceptions include displacement of belugas86

(Delphinapterus leucas) in Alaska, which move from a river to a nearby bay when87

disturbed by boat noise in Bristol Bay (Stewart et al., 1982), and have disappeared88

from Cook Inlet, which is a high boat traffic area (Speckman and Piatt, 2000).89

Bottlenose dolphins (Tursiops truncatus) in Florida show a preference for deeper90

channels rather than their primary foraging habitats when boat traffic densities are91
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high (Allen and Read, 2000). In New Zealand, this species avoids Milford Sound92

during periods of high boat traffic (Lusseau, 2005).93

94

Although most of the work on the disturbance of marine mammals by boats has95

concentrated on cetaceans, there is equal, and perhaps even greater potential for boat96

disturbance to affect sirenians. As herbivores, sirenians are limited to the shallow and97

protected coastal or riverine areas where their forage is found (Heinsohn et al., 1977;98

Hartman, 1979; Anderson, 1981; Reynolds and Odell, 1991). Similarly, most99

recreational boat traffic occurs in protected coastal areas, and, through modifications100

in design, boats are increasingly able to travel in shallow water at high speed (Wright101

et al., 1995). Concern about the impact of boat traffic on sirenians has largely centred102

on the high incidence of boat strikes of the Florida manatee (Trichechus manatus103

latirostris). Approximately 25% of all known deaths of manatees in Florida are caused104

by boat strikes (Florida Fish and Wildlife Conservation Commission, n.d.). Similarly,105

along the urban coast of Queensland, boat strike mortality of dugongs is becoming106

increasingly common (Limpus et al., 2003) and dugongs are particularly vulnerable to107

boats travelling at high speed (Hodgson, 2004).108

109

Short term behavioural responses indicative of disturbance from boats have been110

documented for both dugongs (Preen, 1992) and Florida manatees (Nowacek et al.,111

2004). Florida manatees increase swim speed and swim to deep water or channels112

when boats are within 25 – 50 m, and these responses are intensified when boat113

distance and water depth decrease (Nowacek et al., 2004). To date only qualitative114

observations of the response of dugongs to boats have been recorded (Anderson,115

1981; Preen, 1992). During cliff-top observations, Anderson (1982) estimated that a116
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dugong herd moved 500 m in response to a boat with an outboard motor passing117

slowly at a distance of 150 m from the herd. Preen (1992) suggested that dugongs118

could detect a speed boat from at least 1 km, but did not describe the behavioural119

responses indicative of detection.120

121

Changes in the distribution of Florida manatees have been attributed to boat traffic122

(Provancha and Provancha, 1988; Buckingham et al., 1999). Florida manatees appear123

to be seeking areas of low boat traffic, increasing their use of sanctuaries where124

boating is prohibited in correlation with increased boating outside sanctuaries125

(Buckingham et al., 1999; Reynolds, 1999). There has, however, been no research on126

potential for the displacement of dugongs as a result of boat traffic, despite the127

persistent anecdotal reports from Indigenous hunters that such displacement has128

occurred in response to boat traffic in many areas (Johannes and MacFarlane, 1991;129

Kwan, 2002).  Preen (1992) also suggested that boat traffic may have reduced130

dugongs’ use of the western side of Moreton Bay. However, seagrass loss has also131

occurred in this area (Abal and Dennison, 1996).132

133

Rapid increases in boat traffic along the urban coastline in Australia emphasise the134

importance of examining the potential for dugongs to be disturbed and/or displaced by135

boats. In Queensland there were over 198,700 boats registered in 2005, 97% of which136

were recreational boats (Queensland Transport, 2005). This represents a 45% increase137

in boat numbers since 1996 (Maritime Safety Queensland, 2005). In this study we138

quantify the impact of boat traffic on dugongs by observing their short-term response139

to both experimental and opportunistic boat passes. These observations are then140
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related to the ‘undisturbed’ behaviour of dugongs, in an effort to assess the long-term141

biological significance of disturbance responses.142

143

Methods144

145

Study site146

147

The response of dugongs to opportunistic boat passes (i.e., independent boaters) was148

recorded over 60 days during two field seasons, from August to October 2001, and149

from June to August 2002. Experimental boat passes were conducted from 23rd June150

to 29th July 2002. All field work was conducted on the Moreton Banks in Moreton151

Bay (153.3º E, 27.5º S), near the major city of Brisbane in southeast Queensland,152

Australia. This region is experiencing the highest rate of population growth in153

Australia with an average increase of 55,000 people per year over the last two decades154

(Queensland Government Office of Urban Management, 2005). Large herds of155

dugongs (up to 459 animals, with typical herd size of about 150 dugongs (Preen,156

1992)) regularly use this area, which is classified as a Dugong and Turtle Go Slow157

Zone by the Queensland Parks and Wildlife Service. Boats are restricted to below158

planing speed on the banks to the 2 m low tide contour. Most observations of dugongs159

were within this boundary. This area has relatively clear water with 1 to 5 m160

horizontal visibility (Preen, 1992).161

162

Observation platform163

164
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The behaviour of the dugongs was observed using a “blimp-cam”: a tethered, helium-165

filled aerostat (balloon) carrying a remote-control surveillance camera (described in166

detail in Hodgson, 2004). The balloon was flown at approximately 50 m above the167

research boat. The pan/tilt, focus, zoom and iris of the video camera were operated via168

a controller and monitor on board the research boat. The research boat was anchored169

next to the dugong herd so as to eliminate the confounding effects of engine-noise170

disturbance from this boat.171

172

All data were extracted from the video footage upon completion of the field work.173

174

Experimental boat passes175

176

The experimental boat was a 3.5 m aluminium dinghy with a 20 HP outboard engine,177

a commonly used engine size in the area. This boat was operated by a crew member178

directed via radio from the research boat. The experimental boat was set a course that179

would take it along a straight line from its initial position 1 km from the dugong herd180

to a point 50 m from the outer limit of the herd, and then along the same trajectory to181

1 km past the herd (Fig. 1). We set this distance limit from the edge of the herd prior182

to beginning the first pass in each experiment in order to minimise the risk of boat183

strikes. However dugongs moved during the experiments so this distance did not184

remain constant. The speed of the experimental passes was approximately 7 knots to185

keep the boat below planing speed, which was the speed limit in the area.186

187

Two variables were altered during the experiments to provide four possible treatments188

(Fig. 1):189
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(1) Number of passes190

a. the boat passed the dugongs once only191

b. the boat was driven back and forth along the same path five times.192

(2) Continuity193

a. the boat was driven straight past the dugongs at a consistent speed194

b. when the boat reached the dugongs, the engine was switched off and195

on again immediately, and the pass continued.196

197

Over 19 days, we aimed to conduct four experiments (one of each treatment where198

weather permitted) in alternating order each day with a minimum of half an hour199

between experiments. We successfully conducted 65 experiments.200

201

Continuous behaviour of focal dugongs202

203

Focal dugongs were randomly chosen, and continuous behavioural data were recorded204

(Altmann, 1974) during each experimental boat pass, as well as while no boats were205

passing. Mother-calf pairs were excluded to minimise individual variability in206

behaviour. It is possible that individuals were sampled more than once during these207

experiments as individuals could not be identified. However, herd sizes were variable,208

consisting of up to 200 animals, and herds are open and unstable, continually splitting209

and reforming throughout the day (Preen, 1992; Hodgson, 2004). The size and210

dynamic nature of the herds meant the probability of resampling the same individuals211

on any one day, or sampling individuals within the same herd throughout the study212

period, was low. Thus the results are unlikely to be biased by: (1) resampling the same213
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individual many times, or (2) particular herds becoming habituated to our214

experimental dinghy.215

216

Continuous behavioural samples lasted for 4.5 min, as this was the minimum time217

taken to conduct one boat pass. Shorter samples resulting from dugongs travelling218

beyond our field of view were eliminated, possibly biasing our sampling to dugongs219

that were not disturbed (i.e., not travelling away from the passing boat), thereby220

reducing the likelihood of observing an effect of the boat. We checked for this bias by221

comparing the sampling truncation rate for behavioural samples with no boat passing222

(26%; N = 97) with that during boat pass experiments (19%; N = 75).  We concluded223

that the comparisons between undisturbed and disturbed dugongs should not have224

been affected by any bias against dugongs that responded to the passing boat.225

226

The position of the focal dugong relative to the rest of the herd (group type) was227

scored at the commencement of each focal follow:228

• main herd – in the largest group (all individuals within 3 body lengths of one229

another) visible230

• subgroup – in a group separated from the main herd by more than three body231

lengths232

• scattered – not within three body lengths of any other dugong233

234

Feeding and travelling behaviours were used in the analysis, as few data were235

recorded for other behaviours such as resting and socialising. Six two-way ANOVAs236

were conducted to compare the effects of various factors on: (1) the proportion of237

time each focal individual spent travelling and (2) the proportion of time each focal238



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT 11

individual spent feeding. The between-subjects factor was either: (1) boat presence,239

(2) pass number, or (3) pass continuity. The within-subjects factor was group type in240

each analysis. When examining the effects of the number of boat passes, only the241

results from the first, fourth and fifth passes were used, as these were most likely to242

show a significant result if dugongs became increasingly sensitised to boat noise243

throughout the experiments. The percentage of time spent feeding was square-root244

transformed in order to meet the assumption of normality of variance in all three245

ANOVAs testing this response. The large number of tests (6 ANOVAs each with tests246

for 2 or 3 factors and an interaction) used gave a high probability of at least one test247

being significant by chance alone for a Type 1 error rate of 0.05). We have reported248

actual P values and interpreted significant results with caution, rather than adjusting P249

values.250

251

Behaviour during the closest approach interval252

253

A trained observer recorded the estimated distance and bearing of the focal dugong254

from the research boat each time it surfaced. We plotted the movements of the focal255

dugong relative to the passing dinghy according to the GPS locations of both the256

research boat and the dinghy. We assumed the total error of the distance estimates257

between the dugong and the dinghy consisted of: (1) 2 x GPS unit error ≤ 15 m, and258

(2) observer distance estimate error, which averaged 15 m during training (Hodgson,259

2004). Thus the maximum error was assumed to be 45 m, though some errors likely260

cancelled each other out. Our distance estimates should be considered with this error261

in mind.262

263



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT 12

The closest approach interval was the submergence interval (interval between two264

breaths and thus between two plotted locations) of the focal dugong at the time the265

passing boat was closest to this animal. During the closest approach interval of each266

pass we recorded the focal dugong’s: (1) activity, (2) subsurface time, (3) travel267

distance, and (4) travel direction (Fig. 2).268

269

The activity of the focal dugong during the closest approach interval, and the first full270

subsurface interval of each focal follow with no boat present, was recorded as feeding271

only, travelling only, or travelling and feeding. A chi-squared homogeneity test was272

conducted to determine whether boat presence and closest approach distance affected273

the activity of the focal dugong during the closest approach interval. One-tailed274

Fisher’s exact tests were used to test whether dugongs were more likely to be feeding275

(and not travelling) when there was no boat than when a boat was present, and when276

the boat was passing beyond 50 m rather than within 50 m.277

278

The travel direction of the focal dugong during the closest approach interval279

(according to the straight line between the two surfacings) was classified as280

‘same/away’ or ‘towards/opposite/stationary’ from the path of the passing boat. We281

considered the former category as indicative of a response, as herd movements usually282

occurred away from passing boats, and the latter as no response. To test the effect of283

the closest approach distance on focal dugongs’ travel direction, the distance of the284

dinghy was classed as either < 50 m, 50 – 200 m, or > 200 m. We used a Pearson’s285

chi squared analysis to determine whether there was an effect of distance on the286

likelihood of dugongs responding to the boat.287

288



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT 13

Opportunistic observations289

290

Experiments were limited by zoning speed restrictions at the study site, the cautious291

distance limits set to minimise the risk of the experimental boat hitting dugongs, and292

the use of a single boat type. Therefore we also incorporate data on the responses of293

dugongs to independent boats passing within approximately 1 km of the herds. These294

boats varied in type and often approached the dugongs at faster speeds and closer295

distances than we were permitted during our experiments.296

297

The distance of the passing boat from the edge of the dugong herd was determined298

using one of the following techniques: (1) measured using a laser range finder in the299

field, (2) estimated visually in the field or (3) estimated from the video footage using300

the average length of dugongs as a guide.301

302

Duration of herd responses to boats303

304

While focal individuals were followed during boat pass experiments, the zoom of the305

camera was kept wide to keep as many other dugongs in view as possible. The306

response of the herd was based on the subset of the herd videoed. During307

opportunistic passes, we kept the maximum number of dugongs in frame and308

periodically panned to the passing boat to assess its relative location. Assessment of309

herd responses to both experimental and opportunistic passes was limited to herds of310

greater than 10 individuals and in which most dugongs were feeding with obvious311

plumes (trails of suspended sediment resulting from dugongs extracting seagrass)312
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before the boat passed. This minimised the effects of varying activity states between313

passes and among individuals.314

315

All herd movements occurring while boats were present were assumed to be a316

response to the boat. The herd response was timed from the instant that over 50% of317

the dugongs visible stopped feeding and started travelling, to the instant when over318

50% of dugongs stopped travelling and started feeding. Where herd movements319

occurred with an intermittent period of feeding while the boat was still passing, the320

time of each movement either side of the feeding period was combined to obtain the321

total duration of the response to that pass.322

323

We scrutinised the video record on two independent occasions four weeks apart to324

ensure that the herd movements could be unambiguously timed with consistent325

results. The error value is the difference between the two estimates, which were326

compared using a paired t test as an assessment of accuracy. In subsequent analysis,327

the duration of the herd responses was the average of the two evaluations for each328

pass.329

330

The response times obtained during opportunistic boat passes were classified331

according to whether the boat approach distance was less than or greater than 50 m.332

The estimates of the distance of opportunistic boats from the herds as they passed333

were not considered accurate enough to have additional distance categories. These334

two subsets of data had unequal variances even when transformed. They were335

compared using a one-tailed Mann-Whitney test where the null hypothesis was that336

the duration of response was not greater when boats passed within 50 m than if the337
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boats did not come within 50 m. Opportunistic passes were also categorised as fast338

(above planing speed) or slow (below planing speed). We used a t test to determine339

whether there was a difference in response time with boat speed.340

341

Duration of individual responses to boats342

343

To investigate further the duration of time that individual dugongs spent responding to344

boats, we measured the response time of focal individuals during the boat-pass345

experiments for which herd responses were observed. The length of the individual346

response was the time between the onset and cessation of travelling behaviour by the347

focal individual that coincided with the herd response. A paired t-test determined348

whether there was a difference in the response times of the focal individual and its349

herd.350

351

Limitations352

353

Analyses of data from boat-pass experiments were limited by the sample size of354

passes for each combination of variables. Sample sizes were too small to conduct355

more sophisticated tests than those outlined above. We interpreted the results in this356

context.357

358

All results are provided as means ± standard errors.359

360

Results361

362
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Continuous behaviour of focal dugongs363

364

Analysis of the video footage showed that the proportion of time focal dugongs spent365

feeding and travelling during 4.5 min behavioural samples was not significantly366

affected by any of the following: (1) whether or not a boat was passing, (2) the367

number of passes made (based on the first, fourth and fifth passes), or (3) the368

continuity of the passes (continuous or with a stop and restart halfway) (Table 1).369

Dugongs actually spent a higher proportion of time feeding during the 4.5 min370

behavioural sample when the boat was passing than during samples when no boat was371

present (Fig. 3). However, this difference was not significant (Table 1).372

373

The interactions between dugong group type and boat presence, pass number and pass374

continuity were not statistically significant (Table 1). However, all six ANOVAs375

showed a significant effect of group type (i.e., within main herd, subgroup or376

scattered) on the focal dugong’s feeding and travelling behaviour (Table 1, Fig. 3).377

Focal dugongs feed at a significantly higher rate when part of the main herd, and they378

travelled more when within a subgroup or scattered (i.e., not within a group).379

380

Behaviour during closest approach interval381

382

The activity of the focal dugong was the only behaviour affected by the closest-383

approach distance of the passing boat. According to a chi squared test of384

homogeneity, the feeding and travelling behaviour of the focal dugong was affected385

by boat presence / distance (χ2 = 13.37, df = 6, P = 0.04; Table 2). Post hoc tests386

showed that it was the distance of the passing boat that significantly affected the387
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proportion of dugongs classified as feeding only (Fisher’s exact one-tailed test, P =388

0.03) rather than the presence or absence of a boat (Fisher’s exact one-tailed test, P =389

0.37). Dugongs were less likely to remain feeding when boats passed within 50 m390

than if the boats passed further away.391

392

Subsurface times during the closest approach interval ranged from 10 to 322 s, while393

the distance travelled by the focal dugong ranged from 0 to 122 m. However, these394

variances were not related to boat distance. Nor were subsurface time and distance395

travelled related to the number of times the boat had passed or the continuity of the396

pass.397

398

The closest approach distance of the boat did not affect the travel direction of the399

dugongs. There was no significant difference in the likelihood of dugongs responding400

by swimming in the same direction or away from the boat according to the three401

distance categories (Table 3; χ2 = 2.96, df = 2, P = 0.23).402

403

Duration of herd responses to boats404

405

A total of 26 experimental boat passes, and 16 opportunistic boat passes satisfied the406

criteria for assessing herd response. Dugong herds exhibited mass movements in407

which > 50% of animals interrupted their feeding, travelled in a coordinated group,408

and then resumed feeding.  The two independent measurements of the duration of409

each response were not significantly different (t = -0.74, df = 41, P = 0.46). The410

overall average length of herd responses was 122 ± 14 s.411

412
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Ten of the 16 opportunistic boat passes for which the duration of the herd response413

was timed approached within 50 m of the herd. The distances of the remaining six414

boats ranged from 50 to >500 m. The mean duration of responses to opportunistic415

boat passes within 50 m (117 ± 15 s) was not significantly different from the response416

time when boats passed at distances greater than 50 m (161 ± 34 s; Mann-Whitney U417

0.05(1),6,10 = 26, P = 0.71). The water depth near the herd was < 2 m for all but one418

opportunistic boat pass. Five of the 16 boats were travelling above planing speed.419

Dugongs spent more time responding to boats that were travelling below planing420

speed (mean = 169 ± 29 s) than to those travelling above planing speed (mean = 90 ±421

21 s), although this difference was not significant (t = 1.70, df = 14, P = 0.11).422

423

Duration of individual responses to boats424

425

The average time spent responding to the experimental boat by the focal individual426

was 92 s, a time not significantly different from the corresponding estimate of the427

herd response time (paired t = 0.51, df = 19, P = 0.62).428

429

Discussion430

431

Response in relation to boat distance432

433

The behaviour of most focal dugongs was not measurably affected by experimental434

boat passes unless the boat was within 50 m. Dugongs were significantly less likely to435

continue feeding as the boat passed within 50 m than if the boat passed beyond 50 m.436

Although we found no significant effect of boat distance (< or > 50 m) on the duration437
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of herd responses to opportunistic boat passes, most (10 out of 16) obvious mass438

movements, where dugong herds interrupted their feeding, travelled, and resumed439

feeding, occurred in response to boats within 50 m. This result corresponds with the440

response of Florida manatees to boats, which is typically initiated when the boat is at441

a distance of 25 – 50 m (Nowacek et al., 2004).442

443

In contrast, we found no correlation between the distance of focal individuals to the444

experimental boat and their subsurface interval, travel distance or travel direction445

relative to the boat. Although the combination of group type and boat presence did not446

affect the proportion of time individual dugongs spent feeding or travelling, their447

behaviour was affected by the presence of other dugongs. Herding behaviour448

appeared to ameliorate the influence of boat distance on the response of individuals.449

The mass herd responses to boats passing suggest that the likelihood of an individual450

responding to the boat depends not only on the distance of the individual to the boat,451

but also the distance of the whole herd, together with the combined effects of herd452

composition, herd behaviour and variations in individual responses to boats.453

Individually recognisable Florida manatees display variation in response to boats454

which may be ascribed to the age, exposure to boats, reproductive state, hearing455

ability or activity of each manatee (Nowacek et al., 2004). Although dugongs were456

not individually recognisable during our study, herd composition certainly varied as457

the number of individuals present differed on different days during the experiments.458

459

Four mass movements of dugong herds were apparently a response to independent460

boats passing more than 500 m away. During aerial surveys, Preen (1992) also461

observed herd movements appearing to be responses to boats at a distance of over 1462
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km. In a preliminary study of manatee responses to experimental boat approaches463

using digital acoustic data logger tags (DTAGs) in Belize, increased activity indicated464

that a manatee detected a boat at approximately 800 m away (Nowacek et al., 2001b).465

Considering that it is likely that both dugongs and manatees can sometimes detect466

boats in the order of hundreds of metres away, what factors determine the detection467

distance and the response of the animals? Many factors affect the propagation of boat468

noise, including the engine type, boat speed, and environmental factors such as water469

depth, sediment type and topography (Richardson et al., 1995; McCauley et al., 1996).470

In this study, the four boats which apparently elicited a response from more than 500471

m away varied in engine type and speed. The dugongs were in < 2 m of water on all472

four occasions. More observations are clearly needed to produce conclusive results or473

identify general trends.474

475

Response in relation to water depth476

477

Even though the shortest herd response time (45 s) was recorded for a herd in water 4478

m deep, most of our observations of the responses of dugong herds to boats were479

limited to shallow water (< 2 m). Based on anecdotal aerial observations, Preen480

(1992) suggested  that dugongs in deep water show little response to boats compared481

with dugongs in shallow water. Florida manatees also change swim speed more482

frequently when boats pass them in shallow water (< 2 m) than in deep water483

(Nowacek et al., 2004).484

485

Water depth affects the real and perceived threat of boat strike. Shallow water limits486

the opportunity for dugongs to avoid boats by diving. As most of our observations487
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were in shallow water, we were unable to identify a tendency for dugongs to dive in488

response to boats. However, deep water can be a refuge for marine mammals, and489

vertical avoidance of boats by diving is a strategy employed by bottlenose dolphins490

(Nowacek et al., 2001a; Lusseau, 2003a), humpback whales (Baker and Herman,491

1989), and belugas and narwhals (Finley et al., 1990). The effect of water depth on the492

response to boats can be likened to the effect of refuge distance on the response of493

terrestrial animals to predators (Frid and Dill, 2002). To limit the costs of fleeing from494

predators (including abandoning a feeding site, lost feeding time, and energy495

expenditure), terrestrial animals tolerate closer approaches by predators the closer496

they are to a refuge site (Ydenberg and Dill, 1986). In deep water, dugongs have the497

option of diving to seek refuge from boats, or to remain feeding on the bottom. If498

dugongs in deep water perceive that remaining at the bottom is safe, they would be499

expected to spend less time, and thus expend less energy, responding to boats than500

dugongs in shallow water. Thus water depth is an important factor that needs further501

investigation in determining the response of dugongs to boat disturbance.502

503

Biological significance of responses observed in Moreton Bay504

505

Research to assess the biological significance of disturbance generally aims to506

determine the effect of disturbance on population size, which is dependent on survival507

and reproductive success (Gill et al., 1996; Gill et al., 2001). Like animals responding508

to predation, animals responding to disturbance face a trade-off between disturbance509

rates and the amount of a given resource that is available in a particular habitat patch510

(Gill et al., 1996; Frid and Dill, 2002; Cooper et al., 2003). The decision to move511

when disturbance reaches a particular level must be based on factors similar to those512
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which govern the level of acceptable predation risk: the quality and level of513

investment in the current site, the distance and quality of other sites, and the relative514

level of disturbance or competition at other sites (Gill et al., 2001).515

516

Dugongs predominately display a delayed, short-term response to boats. Thus517

according to the low levels of boat traffic observed during our study, dugongs on the518

Moreton Banks would not spend substantial amounts of time moving as a result of519

boat disturbance. The rate of boat disturbance we observed ranged from 0.2 boats per520

hour (boats < 50 m) to 1.5 boats per hour (boats < 1 km, Hodgson, 2004). Using the521

average time spent responding to opportunistic boat passes (122 s), and assuming boat522

disturbance occurs only during daylight hours  (i.e., 12 hours per day), we estimate523

that dugongs on the Moreton Banks are disturbed for between 4 min 53 s and 36 min524

36 s per day. Assuming that all boat passes occurred while dugongs were feeding, this525

represents 0.8 to 6% of the time spent feeding throughout the diel cycle (Hodgson,526

2004).527

528

Two further considerations must be noted here however. Firstly, our fieldwork was529

conducted during winter, and boat traffic increases significantly over the summer,530

particularly during the holiday period between Christmas and mid-January (Brenda531

Healey, pers. comm.). Boat traffic in summer needs to be quantified so that its532

potential impact on dugongs can be evaluated. Secondly, although our results were533

not statistically significant, dugongs spent more time responding to boats that534

travelled slowly than those travelling fast. Our small sample size of only five boats535

travelling above planing speed limits our ability to detect an impact of boat speed on536

the duration of disturbance. Slow moving boats are likely to be within hearing range537
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of dugongs for a longer period of time than fast boats, which could translate to longer538

disturbance responses. However, it would be inappropriate to allow higher speed539

limits within important dugong habitat areas, as this would increase the risk of dugong540

deaths from boat strikes (Hodgson, 2004). This issue highlights the need for further541

research into how the characteristics of boat noise and the distance of the boat affect542

the response of dugongs.543

544

Potential energetic costs of boat disturbance to dugongs include: (1) a reduction in545

energy intake, (2) the energy expended while moving, and (3) the possible cost of546

moving to a different patch on the seagrass beds. Disturbed dugongs may be forced to547

spend time searching for alternative feed patches and may be forced to feed on less548

desirable patches with lower nutritional value. Disturbance may also interfere with the549

‘cultivation’ grazing strategy practised by dugongs in Moreton Bay (Preen, 1995;550

Hodgson, 2004) whereby they move across the seagrass banks systematically over a551

period of months, cropping the seagrass in a manner that promotes growth of a552

favoured pioneer species with high nutritional value in the new shoots produced. This553

pattern of seagrass patch use may be interrupted by dugongs continually moving in554

response to boats. During periods of high boat traffic dugongs may not be able to555

graze intensely enough to affect the species composition of the seagrass. Thus the556

amount of favoured seagrass available could be reduced.557

558

Despite the potential effects of having to move to different seagrass patches, the level559

of boat traffic we observed on the Moreton Banks appears unlikely to cause a560

reduction in dugong survivorship through disturbance alone. However, the trade-off561

between resource use and disturbance needs to be considered before applying the562
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results obtained in this study to dugongs in other areas. Dugongs grazed seagrass beds563

approximately 10 km2 in area during our study, enabling them to move in response to564

boats and resume feeding immediately. On smaller, isolated seagrass beds, responses565

to boats may force dugongs off the seagrass patch until the disturbance ceases,566

reducing the availability of food by limiting by the time dugongs spend foraging.567

Food availability is known to influence dugong population dynamics as dugongs568

delay breeding when food is limited (Marsh, 1999; Kwan, 2002). A large-scale569

reduction in food availability through disturbance could therefore affect dugong570

numbers by reducing fecundity. This effect is particularly important when combined571

with other impacts that reduce adult survivorship, such as boat strikes.572

573

Our observations of dugongs’ response to boats are also indicative of the direct impact574

of boats to dugongs through boat strike. The limited response we recorded, and in575

particular, the fact that dugongs did not tend to be swimming away from the576

experiment boat, demonstrates of the high risk of boat strike to dugongs (Hodgson,577

2004). We were not able to conduct boat pass experiments at high speeds. However,578

observations of dugongs’ responses to boats passing opportunistically at speeds higher579

than the ‘non-planing’ speed limit, show that the delayed response exhibited by580

dugongs to boats makes them particularly vulnerable to high speed boats (Hodgson,581

2004).582

583

Conclusions and management considerations584

585

Boats caused relatively short interruptions to dugong feeding herds on the Moreton586

Banks during our study, reducing feeding time by a maximum of 0.8 to 6%. However,587
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if the number of registered boats in Queensland continues to increase rapidly, as it has588

done over the past nine years (Maritime Safety Queensland, 2005), this rate of589

disturbance is likely to increase. Interrupting feeding at rates higher than our590

estimated maximum of 6% of the daily time budget may affect dugongs at the591

population level by limiting food intake and triggering reduced fecundity.592

Management initiatives such as the Dugong Protection Areas along the Queensland593

coast, and the rezoning of the Great Barrier Reef Marine Park to increase ‘no-take594

areas’, will only work if the areas zoned to protect dugongs continue to be highly used595

by dugongs (Marsh, 2000). The effect of boat disturbance on habitat quality should be596

closely monitored, particularly where high boat traffic occurs in small and/or isolated597

dugong habitats or in conservation areas designed to protect dugongs.598
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Table 1. The six ANOVAs testing the effect of experimental boat passes on the 780 

behaviour of focal dugongs showed that the boat had no significant effect on 781 

proportion of spent time feeding or travelling. Three between-subjects factors were 782 

tested: (1) boat presence - whether or not the experimental boat is passing, (2) pass 783 

number - one, four or five, and (3) pass continuity - continuous or stop/start. The 784 

common within-subjects factor is group type (within main herd, sub-group or 785 

scattered). P < 0.05 in bold.  786 

Dependent Variable Source of Variance df Mean 

Squares 

F P 

Boat Presence 1 6.74 0.80 0.37 

Group type 2 107.26 12.68 0.00 

Boat Presence * Group type 2 3.85 0.46 0.64 

Error 104 8.46   

Pass Number 3 2.57 0.30 0.83 

Group type 2 89.87 10.47 0.00 

Pass Number * Group type 6 6.65 0.78 0.59 

Error 98 8.58   

Pass Continuity 2 3.10 0.37 0.69 

Group type 2 102.86 12.21 0.00 

Pass Continuity * Group type 4 6.53 0.78 0.54 

Proportion of time 

feeding 

Error 101 8.43   

Boat Presence 1 80.47 0.10 0.75 

Group type 2 3164.07 3.92 0.02 

Boat Presence * Group type 2 85.74 0.11 0.90 

Proportion of time 

travelling 

Error 104 808.15   
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Pass Number 3 194.55 0.24 0.87 

Group type 2 3435.11 4.24 0.02 

Pass Number * Group type 6 592.12 0.73 0.63 

Error 98 810.28   

Pass Continuity 2 715.56 0.88 0.42 

Group type 2 3445.43 4.26 0.02 

Pass Continuity * Group type 4 200.29 0.25 0.91 

 

Error 101 809.77   

 787 

788 
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Table 2. Observed frequencies with expected frequencies in brackets of focal dugongs 788 

exhibiting feeding and travelling behaviours during the closest approach interval 789 

according to the presence / distance of the passing boat during experimental boat 790 

passes.  791 

 Feeding Only Travelling Only Travelling and Feeding 

Boat < 50 m 0 (2.14) 6 (3.42) 1 (1.44) 

Boat 50 – 200 m 7 (8.55) 13 (13.68) 8 (5.77) 

Boat > 200 m 8 (3.66) 2 (5.86) 2 (2.47) 

No boat (control) 25 (25.65) 43 (41.04) 16 (17.31) 

 792 

793 
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Table 3. Travel direction of dugong relative to passing experimental boat compared 793 

with the distance of the boat from the edge of the herd. Observed frequencies with 794 

expected frequencies in brackets. 795 

 
No Response: 

Towards/Opposite/None 

Response: 

Same/Away 

Boat < 50 m 5 (4.9) 8 (8.1) 

Boat 50 - 200 m 23 (27.4) 50 (45.6) 

Boat > 200 m 20 (15.8) 22 (26.3) 

 796 

797 
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Figure Captions: 797 

 798 

Fig. 1. Design of boat pass experiments. The two variables were number of passes 799 

(single pass or five passes), and continuity (continuous pass at constant speed, or 800 

engine switched off and on when closest to dugongs). 801 

 802 

Fig. 2. Classification of the focal dugong’s travel direction relative to the travel 803 

direction of the passing boat during experimental boat passes, grouped as either 804 

‘same/away’ or ‘towards/opposite/stationary’. 805 

 806 

Fig. 3. The proportion of time individual dugongs spent feeding and travelling during 807 

the experimental boat passes according to boat presence, pass number, pass continuity 808 

(whether the pass included a stop and restart), and group type (bars represent mean ± 809 

S.E.). 810 

811 
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1 km

1 km

50 m

stop point if 
stop/start pass

Dinghy driven along pass route five
times if multiple boat pass regardless 
of dugong movements

Research boat: anchored 
while filming response of 
dugongs using blimp-cam and 
observer tracking focal dugong

Experimental Pass Boat 
(Dinghy): driven along pass 
route at below planing speed

pass route

Focal Dugong: chosen 
randomly and followed 
for one pass

 811 

Fig. 1. Design of boat pass experiments. The two variables were number of passes 812 

(single pass or five passes), and continuity (continuous pass at constant speed, or 813 

engine switched off and on when closest to dugongs). 814 

815 
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 815 

Fig. 2. Classification of the focal dugong’s travel direction relative to the travel 816 

direction of the passing boat during experimental boat passes, grouped as either 817 

‘same/away’ or ‘towards/opposite/stationary’. 818 

 819 

820 

same 

opposite 

away towards 

Boat position and 

travel direction 

Dugong travel direction 

relative to boat 
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 820 

Fig. 3. The proportion of time individual dugongs spent feeding and travelling during 821 

the experimental boat passes according to boat presence, pass number, pass continuity 822 

(whether the pass included a stop and restart), and group type (bars represent mean ± 823 

S.E.). 824 
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