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Abstract

The east coast of Australia experiences the world’s largest annual humpback whale (Megaptera
novaeangliae) migration, with an estimated 14,000 individuals in 2010. However, increasing
coastal development is accelerating the environmental pressure on migrating marine megafauna.
Consequently, solutions to better manage humpback whale presence in urbanised waters are
required. We have developed a novel survey method that can be applied to operating whale watch
vessels, better integrating the tourism industry into research and ultimately coastal management in
urbanised coastal waters. Preliminary results from the first season of observation (May-November

2010) in the Gold Coast bay showed a successful survey return of over 500 individuals that
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included 14,286 behavioural state observations. The data were analysed in terms of most
commonly observed behaviours, movement, pod size and composition. The numbers of mothers
with calves were highest in September and October and both resting and feeding behaviours were
documented indicating the importance of the bay for these individuals. Our pilot study
demonstrated that the benefits of whale watch boat based data collection can outweigh its

limitations when strategically deployed and carefully analysed.

Keywords: humpback whales, behaviour, whale watching, Gold Coast, Australia

1. Introduction

Eastern Australian humpback whales migrate annually from their summer feeding grounds
(December-March) in Antarctica to their tropical breeding grounds in the Coral Sea in winter
(May-October). These large scale migration patterns are well known and well documented (e.g.
Dawbin, 1966; Garrigue et al., 2000; Jenner et al., 2001; Noad et al., 2008). However, the
movement patterns along this migratory route, the degree of interchange, smaller scale habitat use
and the factors that influence the choice of these areas are poorly understood (Castro et al., 2008).
It is likely that these are driven by physical and biological factors that can be impacted by high-
density coastal development as is experienced on the Gold Coast. The humpback whale is listed as
‘vulnerable’ under the Australian Environment Protection and Biodiversity Conservation Act 1999
(EPBC Act). The estimated world wide abundance is believed to be greater than 60,000
individuals (Reilly et al., 2008) and the east Australian population is estimated to be 7,000 + 660
for 2004 with an annual rate of increase of 10.6 + 0.5% for the time from 1987 — 2004 (Noad et
al., 2008) which would suggest about 14,000 individuals in 2010.

The shape of the Gold Coast inshore area functions similar to a bay in which the current

reverses, resulting in calm waters particularly during October each year (Castelle et al., 2007).
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This makes the Gold Coast a potential resting spot, as documented by anecdotal reports. In 2009,
an estimated 50,000 people partook in the whale watching season on the Gold Coast (Gold Coast,
2010). South-east Queensland is among the most populated areas in Australia with more than 2
million people and a yearly increase of up to 14 % (ABS, 2010), making it one of the fastest
growing regions in the world (Baum and O'Connor, 2005). This development consequently
increases the pressure upon the adjoining marine environment through habitat loss, constructions,
sand mining and pumping, shipping, noise and water pollution. This is increasing the rate of loss

of biodiversity and abundance of near-shore marine species (Jackson et al., 2001).

The stretch of coastline within the Gold Coast region is one of the few major developed
coastlines in the world where dugongs, whales and dolphins are still present (Chilvers et al.,
2005). Despite this, the impacts of such development on marine megafauna, including whales, are
poorly understood. As humpback whales frequent the shallow near-shore waters, it is likely that
their susceptibility to disturbances from anthropogenic sources is high. Migrating humpback
whales rely on stores for energy and thus the whales are particularly vulnerable to the energetic
costs of continued disturbance. In order to improve the management of humpback whales in near-
shore waters around Australia, information on behavioural activities of humpback whales at
aggregation sites is required in combination with collected long-term point observations. Three
aggregation areas have been identified: (1) the southern end of the Great Barrier Reef, (2) Hervey
Bay and (3) the Gold Coast region (DEH, 2005). The southern end of the Great Barrier Reef in
particular around Swine Reef is a suspected calving ground (Chaloupka et al., 1999). Hervey Bay
lies approximately 300 km north of the Gold Coast. Over 20 years of studies in Hervey Bay
revealed that 30-50% of the humpback whales divert from their southward migration and move
into the bay from August to October (Paterson, 1991, Chaloupka et al. 1999). This enclosed bay
formed by Fraser Island on the east site is a confirmed resting area in particular for mothers with

calves most likely due to calm and shallow waters (Franklin et al., 2010).
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Here we aim to investigate the behaviour, pod sizes and compositions of 518 humpback whales
observed in the Gold Coast bay, Australia during their northern and southern migration in 2010
and compare the findings with the aggregation site in Hervey Bay. Our objective was to provide a
first assessment of humpback whale behaviour in a recognised aggregation area along their
migration route. It is hypothesised that the bay is used as a resting area for mothers with calves

predominantly during the southern migration.

2. Methods

2.1 Study area

The study area comprises the Gold Coast inshore waters from Point Lookout, North Stradbroke
Island, in the north to Tweed Heads in the south and 15 nautical miles (nm) east of the foreshore
including state and federal coastal waters (Figure 1). The Gold Coast inshore area can be
described as a sickle/sense shaped coastal bay facing east to the Coral Sea. This region is wave
dominated with an average deep-water significant wave height of approximately 1 m (0.8 to 1.4m)
(Mirfenderesk and Tomlinson, 2007; Mirfenderesk and Tomlinson, 2008). The Gold Coast climate
is sub-tropical with a hot humid wet season (November-April) and a mild dry season (May-
October). The region is influenced by easterly to south-easterly trade winds coming from the
Pacific Ocean bringing moist, warm air and constant winds of varying degrees. Generally, windier

conditions occur during the summer months and calmer conditions during the winter.

2.2 Data collection

Surveys were conducted on board the commercial whale watch vessel “Spirit of Migloo”, operated
by Sea World Whale Watch. This catamaran is 24 metres long and 9 metres wide with a 7 m high
viewing platform. In accordance with the Australian EPBC Act, the vessel had to keep a distance

of 100m from whales and 300m if three or more boats were present at the same whales or if the
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vessel was moving at a speed higher than 6 knots. When calves were present the vessel had to stay
a minimum of 300m from the calf unless the calf moved such that the vessel was within 300m, in

which case the vessel had to be disengaged or moved out of the caution zone (300m).

Surveys were undertaken for 5 days a week on two separate trips each day with duration of 2.5
hours each. During these trips, the date, time, coordinates, bearing, pod size, calf presence and
displayed behaviour/s were recorded. Maximum distance of the vessel from the shore was 15nm.
Locations of the humpback whale pods encountered were recorded by using the vessel’s GPS
system. The direction in terms of North, South, West and East of pod movement was assessed at
the first sighting of a pod. The travel speed of the whales was estimated from the boat speed as an
average value while the vessel was positioned alongside the whales as they travelled and changes
recorded when the speed changed more than 1 knot. Pod refers to a singleton and two or more
humpback whales swimming side-by-side (Clapham, 1993; Corkeron et al., 1994). ‘Adults’
describes the number of whales in a pod that were not calves however this classification does not
imply sexual maturity. Humpback whales under 10m in total length were considered juveniles and
whales under 6m in length were considered calves when accompanied by a significantly larger
whale with whom they maintained a constant and close relationship (Tyack and Whitehead, 1983)
with the adult being the assumed mother (Clapham et al, 1999). The size of the whale was also

compared to a known distance alongside the vessel.

Behavioural data were collected using a standardised field data sheet to ensure that the
recording of behaviours was consistent between survey trips and observers (Mann et al, 2000).
This sheet listed 21 different behavioural states frequently observed in humpback whales (Isaacs
and Dalton, 1992; Kaufman and Forestell, 1986; Mann et al, 2000) and also collected information

on blow per surfacing, travel speed (knots), dive time and resting time (Table 1).
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Utilising a behavioural key, which described each of these, observed behaviours were
categorically assigned as one of these behavioural states. Additionally, video footage of all
displayed behaviours was recorded which allowed for subjective interpretation between observers.
Classifying any given observed behaviour was discussed between observers when necessary.
Behaviours were observed and assigned categories by the same two observers who jointly

undertook all field surveys throughout the season.

2.3 Statistical methods

To examine variation in pod size and composition, the whole sample frequencies and percentages
of pod size were reported. In addition, we reported the pod size categories by ‘calves present’ or
‘no calves present’. To further analyse the behavioural data, we reported the frequencies of
occurrences of each behaviour and investigated the differences between northern and southern
migrations and between pods with and without calves present.

A one-way Analysis of Variance (ANOVA) using SPSS 19.0 was used to determine significant
differences between observed behaviours between pods with calves present and pods without

calves present.

3. Results

We recorded 518 individual humpback whales, and 14,286 behavioural state observations,
between May and November 2010 in the Gold Coast bay. The first and last recorded whale
sightings were on the 21 May 2010 and 4™ November 2010 respectively. A total of 101 survey
days were conducted for 5 days per week. Data were obtained on all survey trips. The total survey

time was 400 hours and observations of humpback whales were undertaken for a total of 142
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hours. The average rate of survey time (time spend on the water looking for humpback whales) per
week was 16 hrs and the average observation time about 6 hrs through out the study period.

Survey hours per week ranged from 2.5 to 35 hrs depending on weather and season (Figure 2).

Of the 21 recognised humpback whale behavioural states, “slip under” was the most common
accounting for nearly 50% of all observations. The next most commonly observed behavioural
state was “round out” which accounted for 10% of all observations. 11 of the 21 behaviours were

observed at a frequency of less than 1% of total recorded observations (Figure 3).

About 40% of all movement directions of pods recorded during the main northern migration
(May — July) where in northern direction. Movements during the main southern migration
(September — November) where less directed with 20 % swimming directly towards the south and

the rest in other directions.

3.1  Pod size and composition

A total of 262 pods were observed over the duration of the migration season. Pod size ranged from
1 to 6 individuals, with a mean of 2.42. Approximately one third of the pods were singletons
(33%) and nearly half were pairs (45%), one third of which were mother-calf pairs. Nearly a

quarter of the pods (22%) consisted of 3 or more individuals (Figure 4, Table 2).

A total of 40 pods had calves (15%) and these pods predominantly occurred as mother-calf pairs.
However, on some occasions an assumed escort was present and a single observation documented

two mothers and two calves in a single pod.

3.2 Mothers with calves
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The first mother-calf pair was observed in late June (26/6/10). This was an early observation for a
newborn calf and the sighting suggested that the calf may have been born during the northern
migration, possibly only days prior their sighting in the Gold Coast bay. The greatest number of

calves was observed in October (38%), followed by August (21%) and September (19%).

The behavioural state “slip under” occurred significantly more frequently in mother-calf pairs than
in pods without calves (F(1,74)=4.42, p<0.01). Breaching occurred significantly more frequently
in mother-calf pods than in pods without calves (F(1,501)=6.52, p<0.01) and occurred

significantly more frequently in calves than in mothers (F(1,74)=5.83, p<0.02).

The mean dive time of mothers and calves was 3.6 mins and the mean travel was 2.35 knots. In
contrast, the mean travel speed in pods without calves was 3.5 knots with a similar average dive
time. As expected, the mean blow/surfacing was significantly higher in mother-calf pods, at 6.2,
than in pods without calves (F(1,458) = 5.83, p<0.02), where the mean was 4.89. These
observations are consistent with a significant decrease in swim speed in post-August (southern

migration) observations (F(1,360) =27.08, p<0.01) (Figure 5).

4. Discussion

4.1 Summary

The analyses of the first year of continuous observations of humpback whales in the Gold Coast
bay showed a large number of sightings (518 in 101 observation days), confirming the region as
an aggregation area (DEH, 2005). Mother-calf pairs were mainly sighted from August until
November inside the Gold Coast bay indicating that the bay-like environment of the Gold Coast
waters may function as a resting spot. Additionally, we determined that calves frequently used the
area for activities such as breaching. The observed pods were significantly slower when calves

were present (Figure 5) with the general swimming speed being related to the direction of
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migration — faster during northern migration and slower during southern migration. This was also
confirmed by the finding that the whales were moving on more direct paths during northern

migration than during the southern migration.

4.2  Comparison with observations from Hervey Bay

The findings of this study are coherent with those long-term studies in Hervey Bay (Corkeron et
al., 1994; Paterson et al., 1994; Dawbin, 1997; Chaloupka et al., 1999; Franklin et al., 2010). This
bay is located at 25°S, 153°E. It is a wide, shallow, often sandy bay (< 18 m deep) (Corkeron et
al., 1994) and approximately 175 nm north of the Gold Coast bay. Hervey Bay has been
recognised as a resting and in earlier days as a breeding ground for humpback whales (Corkeron et
al., 1994). The area is frequently visited by humpback whales during the southern migration for
resting and socialising.

The average number of whales per pod sighted in Hervey Bay during an intensive survey
period of 13 years was 2.26 (Franklin et al., 2010). This is in line with our first year of observation
at the Gold Coast bay returning an average of 2.4 whales per pod. Pods with two whales present
(pairs) were the most frequently observed at 45 % (Hervey Bay, 57 %) (Franklin et al., 2010) and
one third of all pods observed in the Gold Coast bay had one or more calves present (Hervey Bay,
40%) (Franklin et al., 2010). Proportionately, calves were present less frequently in Gold Coast
pods than those in Hervey Bay. This may indicate lower number of mother-calf pairs in the Gold
Coast bay. However, mother-calf pairs may particularly use the 3nm zone (shallow <20m and
sandy bottom) for resting and this area was not covered by our surveys. It has been suggested that
females with calves prefer shallower waters close to shore to minimize predation by sharks and/or
to avoid harassment by males (Whitehead and Moore, 1982; Glockner and Venus, 1983; Mattila et

al., 1989; Smultea, 1994), or as a function of social organisation (Ersts and Rosenbaum, 2003).



218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

Similar to Hervey Bay, the proportion of pods with calves present increased and the number of
singletons decreased towards the end of the year. High numbers of singletons were sighted in July,
at which time the whales are finding their partners (Garrigue et al., 2001). The first calves
observed in the Gold Coast bay occurred end of June. Therefore, calves accompanied by mothers
may be between a few weeks to 3 months of age (Chittleborough, 1953; Chittleborough, 1958),
supporting the hypothesis that the Gold Coast bay is not a calving ground, but rather a stopover for

mothers with calves during the southern migration.

4.3 Using data from whale watch operators

There are benefits of using whale watch operators as platforms of opportunity for observations.
Data from whale watch vessels can provide information on distribution, without expensive survey
effort (e.g. Weinrich et al., 2000). The frequency and intensity of survey opportunities for certain
areas is often high and enables fine scale analyses (Higham and Liick, 2008 ). Behavioural
observations from land would allow more observes but also limit the time of observation of an
individual. The whale watch boats often drift alongside the whales for 30-60 minutes with their
engines turned off providing an excellent opportunity to observe individual behaviour. However,
the use of whale watch boats for behavioural studies is confounded by some factors. Observations
of behaviours may not reflect the entire range of behaviours displayed in an area. When using
boats as observation platforms physical factors like changing water properties that may influence
whale presence and behaviour as well as the influence of wave height (visibility) on naked eye
observation can be confounding factors. A detailed investigation into the effect of physical factors
that may influence behaviour was not possible due to limited data points. It is also difficult to
collect distribution and abundance information for a larger area (e.g. > 100 sqgkm) from whale
watch boats. There is a tendency of whale watch boats to continuously go to the same areas and

they are restricted to remaining outside the 3nm zone, thereby providing biased information. For
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more detailed studies it is proposed to use a combination of land and boat surveys and increase the

number of observers as well as spatial coverage.

4.4 Conclusions

Information on humpback whale movement patterns and core activities in urbanised coastal waters
can be collected with the assistance of the tourism industry. This is useful for estimating trends
and to investigate areas of further research and may ultimately help to improve the management of
humpback whales in urbanised coastlines. The whale watching industry can make valuable
contributions to the understanding of cetacean populations and the number of whale watch
operations actively collecting data should increase. Involving whale watch tour operators also
allow for raising environmental awareness amongst the passengers (Higham and Carra, 2003). Our
data on pod characteristics of humpback whales in the Gold Coast bay indicated that the bay
provides an important habitat for whales and is frequently used by mother-calf pairs, as a
temporary stopover during their southern migration to Antarctic feeding grounds. Similar
behaviours were observed compared to the aggregation site in Hervey Bay confirming the
importance of the Gold Coast bay as a habitat for humpback whales. However, site fidelity and
total number of individuals using the Gold Coast bay require further investigation. Future studies
in the Gold Coast bay should use measures of individual identification to estimate time of
residence (Katona et al., 1979; Kniest et al., 2010) and undertake abundance and distribution

estimations (Vigness-Raposa et al., 2010).

5. Acknowledgements
The authors like to thank Whale Watch Australia/Sea World Whale Watch for supporting the data
collection and the numerous people who made this field work possible, including David

11



267

268

269

270

271
272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

Robertson, Adrian Nelson and Nik Beezum. We also like to thank friends and colleagues and two

anonymous reviewers for comments.

References

ABS (2010). Year Book Australia Statistics, Australian Bureau of Statistics, Canberra.

Baum, S. and O’Connor, K. (2005) Regional Population and Employment Change in Australia
1991-2001: Inertia in the Face of Rapid Change? GeoJournal 62, 85-94.

Castelle, B., Bourget, J., Molnar, N., Strauss, D., Deschamps, S. and Tomlinson, R. (2007)
Dynamics of a wave-dominated tidal inlet and influence on adjacent beaches, Currumbin
Creek, Gold Coast, Australia. Coastal Engineering 54, 77-90.

Castro, C., Aceveco, J., Allen, J., Dalla Rosa, L., Florez-Gomzalez, L., Aguaya-Lobo, A.,
Rasmussen, K., Llano, M., Garita, F., Forestell, P., Secchi, E.R., Godos, I1.G., Ferrina, D.,
Kaufman, G., Scheidat, M. and Pastene, L.A. (2008) Migratory movements of humpback
whales (Megaptera novaeangliae) between Machalilla National Park, Ecuador and
Southeast Pacific. International Whaling Commission report SC/60/SH23 pp. 6

Chaloupka, M., Osmond, M. and Kaufman, G. (1999) Estimating seasonal abundance trends and
survival probabilities of humpback whales in Hervey Bay (east coast Australia). Marine
Ecology-Progress Series 184, 291-301.

Chilvers, B.L., Lawler, I.LR., Macknight, F., Marsh, H., Noad, M. and Paterson, R. (2005) Moreton
Bay, Queensland, Australia: an example of the co-existence of significant marine mammal

populations and large-scale coastal development. Biological Conservation 122, 559-571.

12



290

2901

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

Chittleborough, R.G. (1953) Aerial observations on the humpback whale, Megaptera nodosa
(Bonnaterre), with notes on other species. Australian Journal of Marine and Freshwater
Research 4,219-228.

Chittleborough, R.G. (1958) The breeding cycle of the female humpback whale, Megaptera
nodosa (Bonnaterre). Australian Journal of Marine and Freshwater Research 9, 1-20.

Clapham, P.J. (1993) Social organization of humpback whales on a North Atlantic feeding ground.
Symposia of the Zoological Society 66, 131-145.

Clapham, P. J., Wetmore, S.E., Smith, .T.D. and Mead, J.G. (1999) Length at birth and at
independence in humpback whales. Journal of Cetacean Research and Management 1,
141-146.

Corkeron, P.J., Brown, M., Slade, R.W. and Bryden, M.M. (1994) Humpback Whales, Megaptera-
Novaeangliae (Cetacea, Balaenopteridae), in Hervey Bay, Queensland. Wildlife Research
21, 293-305.

Dawbin, W.H. (1966) The seasonal migratory cycle of humpback whales. In: Norris, K.S. (Ed.).
Whales, dolphins and porpoises. University of California Press, Berkeley, 145-170.

Dawbin, W.H. (1997) Temporal segregation of humpback whales during migration in Southern
Hemisphere waters. Memoirs of the Queensland Museum 42, 105.

DEH (2005) Humpback whale Recovery Plan. Department of Environment, Commonwealth of
Australia, Canberra, pp. 11

Ersts, P.J. and Rosenbaum, H.C. (2003) Habitat preference reflects social organization of
humpback whales (Megaptera novaeangliae) on a wintering ground. Journal of Zoology
260, 337-345.

Franklin, T., Franklin, W., Brooks, L., Harrison, P., Baverstock, P. and Clapham, P.J. (2010)
Seasonal changes in pod characteristics of eastern Australian humpback whales
(Megaptera novaeangliae), Hervey Bay 1992-2005. Marine Mammal Science 27, E134-

E152

13



316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

Garrigue, C., Forestell, P.H., Greaves, J., Gill, P., Naessig, P.J., Patenaude, N.M. and Baker, C.S.

(2000) Migratory movements of humpback whales (Megaptera nevaeangliae) between
New Caledonia, East Australia and New Zealand. Journal of Cetacean Research and
Management, 2, 111-115.

Garrigue, C., Greaves, J. and Chambellant, M. (2001) Characteristics of the New Caledonian
humpback whale population. Memoirs of Queenland Museum 47 539-546.

Glockner, D.A. and Venus, S.C. (1983) Identification, growth rate and behavior of humpback
whale (Megaptera novaeangliae) cows and calves in the waters off Maui, Hawaii, 1977-
1979. In: Payne, R.S. (Ed.). Communication and behavior of whales. Boulder, CO,
Westview Press, 223-258.

Gold Coast (2010) Whale Watching at the Gold Coast. Available at

http://www.goldcoast.com.au/article/2009/06/02/84415 gold-coast-lead-story.html

Higham, J.E.S. and Carra, A.M. (2003) Sustainable Wildlife Tourism in New Zealand: An
Analysis of Visitor Experiences. Human Dimensions of Wildlife 8, 25-36.

Higham, J.E.S. and Liick, M. (2008) Marine Wildlife and Tourism Management: In search of a
scientific approach to sustainability In: Higham, J.E.S., Liick, M. (Eds), Marine Wildlife

and Tourism Management. Biddles Ltd, King's Lynn, 1-19.

Isaacs, R. and Dalton, T. (1992) The Australian Guide To Whale Watching. Weldon, Sydney, pp.

96.

Jackson, R.B., Carpenter, S.R., Dahm, C.N., McKnight, D.M., Naiman, R.J., Postel, S.L. and

Running, S.W. (2001) Water in a changing world. Ecological Applications 11, 1027-1045.

Jenner, K.C., Jenner, M.-N.M. and McCabe, K.A. (2001) Geographical and temporal movements

of humpback whales in western Australian waters. Australian Petroleum Production &

Exploration Association Journal 38, 692-707.

14



340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

Kaufman, G.D. and Forestell, P.H. (1986) Hawaii's humpback whales: A complete whale watchers
guide. Pacific Whale Foundation Press, Hawaii, pp. 176.

Katona, S., Baxter, B., Brazier, O., Kraus, S., Perkins, J. and Whitehead, H. (1979) Identification
of humpback whales by fluke photographs. In: Winn, H.E., Olla, B.L. (Eds), Cetaceans
Behavior of Marine Animals: Current Perspectives in Research. Plenum, New York, 3, 33-
44,

Kniest, E., Burns, D., Harrison, P., 2010. Fluke Matcher: A computer-aided matching system for
humpback whale (Megaptera novaeangliae) flukes. Marine Mammal Science 26, 744-756.

Mann, J., Connor, R.C., Tyack, P.L. and Whitehead, H. (2000) Cetacean societies field studies of
dolphin and whales. The University of Chicago Press, London, pp. 435.

Mattila, D.K., Clapham, P.J., Katona, S.K. and Stone, G.S. (1989) Population Composition of
Humpback Whales, Megaptera-Novaeangliae, on Silver Bank, 1984. Canadian Journal of
Zoology-Revue Canadienne De Zoologie 67, 281-285.

Mirfenderesk, H. and Tomlinson, R. (2007) Numerical modelling of tidal dynamic and water
circulation at the Gold Coast Broadwater, Australia. Proceedings of the 9th International
Coastal Symposium, Journal of Coastal Research SI 50, 277-281.

Mirfenderesk, H. and Tomlinson, R. (2008) Observation and analysis of hydrodynamic parameters
in tidal inlets in a predominantly semidiurnal regime. Journal of Coastal Research 24,
1229-1239.

Noad, M.J., Dunlop, R.A., Paton, D. and Cato, D.H. (2008) An update of the east Australian
humpback whale population (E1) rate of increase. International Whaling commission
report SC/60/SH31.

Paterson, R., Paterson, P. and Cato, D.H. (1994) The Status of Humpback Whales Megaptera-
Novaeangliae in East Australia 30 Years after Whaling. Biological Conservation 70, 135-

142.

15



365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

Reilly, S.B., Bannister, J.L., Best, P.B., Brown, M., Brownell Jr., R.L., Butterworth, D.S.,
Clapham, P.J., Cooke, J., Donovan, G.P., Urbén, J. and Zerbini, A.N. (2008) Megaptera
novaeangliae. In: IUCN 2011. IUCN Red List of Threatened Species. Version 2011.2.
<www.iucnredlist.org>.

Smultea, M.A. (1994) Segregation by Humpback Whale (Megaptera-Novaeangliae) Cows with a
Calf in Coastal Habitat near the Island of Hawaii. Canadian Journal of Zoology-Revue
Canadienne De Zoologie 72, 805-811.

Tyack, P. and Whitehead, H. (1983) Male Competition in Large Groups of Wintering Humpback
Whales. Behaviour 83, 132-154.

Vigness-Raposa, K.J., Kenney, R.D., Gonzalez, M.L. and August, P.V. (2010) Spatial patterns of
humpback whale (Megaptera novaeangliae) sightings and survey effort: Insight into North
Atlantic population structure. Marine Mammal Science 26, 161-175.

Weinrich, M.T., Kenney, R.D. and Hamilton, P.K. (2000) Right whales (Eubalaena glacialis) on
Jeffreys Ledge: A habitat of unrecognized importance? Marine Mammal Science 16, 326-
37.

Whitehead, H. and Moore, M.J. (1982) Distribution and Movements of West-Indian Humpback
Whales in Winter. Canadian Journal of Zoology-Revue Canadienne De Zoologie 60, 2203-

2211.

16



386

387

388

389

390

391

392

393

394

395

396

397

398

399

Figures and Tables

old Coast
bay

Figure 1. Location of the Gold Coast bay on the eastern coast of Australia. The extent of the

observation area is indicated by the grey box. Map of Australia showing migratory pathways of

Australina humpback whale populations. Recognised aggreagtion sites are indicated in dark grey

along the Australina coast (DEH, 2005).
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408  Figure 3. Frequencies of 21 observed behavioural states.
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425  comparison between pods with and without calves in regards to mean travel speed (Fig. 5b) and
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Table 1. Description of 21 behavioural stages recorded during humpback whale observations.

Common
behaviour
(> 100 counts)

Behaviour description

Less common
behaviour

(< 100 counts)

Behaviour description

Slip under

Peduncle arch

Round out

Fluke up dive

Pec slap

Tail slap

Breach

Peduncle slap

Fluke down
dive

Head lunge

whale submerges without
rounding out and/or arching
the peduncle

peduncle arch appears at the
surface (e.g. in attempt to dive
deeper);

diving descent by arching its
body (after the last inhalation);

tail flukes brought straight up
into the air, exposing the
entire ventral surface

pectoral fins are slapped at the
surface while whale rolls or
lies on its side

tail stock and fluke smacked
forcefully on water surface

whale propels itself out of the
water (clearing the surface
with two-thirds of its body or
more)

rear portion of the body,
including the caudal peduncle
and the flukes thrown up out
of the water and then brought
down sideways

flukes are brought clear of the
water (ventral surface not
exposed);

head brought above surface
while whale lunges forward
fast

Mugging

Pec wave

Head slap

Head rise

Bubbling

Tail slash

Tail cocking

Spy hop

Tail extension

Motorboating

Snaking

whale or whale pod stay within a
few meters of a vessel

whale extends one pectoral
straight up while lying on its side
at the surface or both pectoral fins
are waved in the air while the
whale lies on its back

whale propels half its body out of
the water in a nearly perpendicular
direction and hits the water
surface with a pound

head is brought up above the
surface at a 45-90° angle (eye is
generally not exposed)

release of continuous, controlled
amounts of air

whale strikes its tail in a side to
side, slashing movement

whale is lying upright in the water,
caudal peduncle bent and slightly
arched at its posterior extremity
(flukes curled down)

head is positioned vertically above
water with eyes exposed

flukes and caudal peduncle
extended straight into the air

whale swims rapidly at the surface
with head above body parallel to
the surface

S-shaped postural display anterior
portion of the head is angled out
of the water (dorsal fin above the
surface, peduncle arched).

22



429

430

431

432

433

434

435

Table 2. Summary of number of whales in pods between May-November 2010 in the Gold Coast

bay and number of whales in pods with no calves present and calves present.

Individuals per Pods with no calves present Pods with calves present
pods n % n %

1 91 40.5 0 0

2 90 40.0 27 73.0
3 28 12.4 7 18.9
4+ 16 7.1 3 8.1
Total 225 100.0 37 100.0
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