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Abstract

Humpback whales (Megaptera novaeangliae) migrate long distances each year on a
return journey from low-latitude breeding grounds to high-latitude feeding
grounds. Migration is influenced by subtle and complex social behaviors and the
assumption that whales transit directly through the migratory corridor off the east
coast of Australia requires further investigation. From 2003 to 2005, we followed
the movements of 99 individual whales within one migratory cycle from three loca-
tions, off Byron Bay during the whales’ northern migration and in Hervey Bay and
at Ballina during the southern migration. The median sighting interval of whales
between Byron Bay and Hervey Bay (n = 26) was 52 d (IQR = 42.5–75.5); between
Byron Bay and Ballina (n = 21) was 59 d (IQR = 47.0–70.0); and between Hervey
Bay and Ballina (n = 33) was 9 d (8.0–14.0). The overall pattern observed from
these resightings suggests that Group E1 humpback whales spend approximately
two months in the northern quarter of their range during the austral winter months.
Intraseason resightings of whales at Ballina (n = 13, median sighting interval = 7 d)
also suggest that some individuals, particularly adult males, may circle back north
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during their general southward journey along this part of the coast, perhaps in an
attempt to increase mating opportunities.

Key words: humpback whale, Megaptera novaeangliae, migration, travel direction,
speed, photo-identification, Migaloo, Australia.

Humpback whales, Megaptera novaeangliae, undertake long annual migrations
from summer feeding grounds in high-latitude waters to winter mating and calv-
ing areas in low-latitude waters (Mackintosh 1942, Dawbin 1966, Clapham
2000). Historically, most of the information about migratory movements of this
species came from whaling data and whale marking programs during the 20th
century (Townsend 1935; Omura 1953; Dawbin 1964, 1966, 1997). More
recently, techniques such as photo-identification, molecular genetics, acoustics, and
satellite telemetry have provided further insights into the migration pathways of
humpback whales; however, published information about individual migration
patterns remains limited. Additionally, only a small amount of information exists
about residence times of humpback whales in their winter breeding areas, with
overall mean residence times of approximately 36 d reported from Hawaiian
breeding grounds (Craig et al. 2001), and mean resighting intervals of 22–29 d
from R!eunion Island in the southwestern Indian Ocean (Dulau-Drouot et al.
2012).
Of the seven migratory breeding stocks of humpback whales currently recognized

in the Southern Hemisphere by the International Whaling Commission (IWC)
(IWC 1998), Group E is thought to comprise three separate subgroups that winter
respectively off eastern Australia (E1), New Caledonia (E2), and Tonga (E3) (IWC
2004; Olavarria et al. 2006, 2007; Anderson et al. 2010; Garrigue et al. 2011). The
putative migratory pattern of Group E1 humpback whales generally consists of indi-
viduals traveling north from the IWC’s Antarctic Management Area V (130ºE to
170ºW) and migrating along the eastern coast of Australia, passing Ballina (28º52′S,
153º37′E), Byron Bay (28º37′S, 153º38′E) and Hervey Bay (25º00′S, 153º00′E) on
the migratory corridor, and continuing on to breeding grounds in latitudes from
approximately 16º–24ºS (Marsh et al. 1997, Chaloupka and Osmond 1999, Smith
et al. 2012). Whales bypass Hervey Bay on their northern migration, continuing on
directly to the breeding grounds (Paterson 1991). The limited data available suggest
that whales disperse widely throughout the waters of the Great Barrier Reef (GBR)
(Paterson 1991, Marsh et al. 1997, Smith et al. 2012), or perhaps winter in the Coral
Sea (Townsend 1935, Dawbin and Falla 1949). After leaving the breeding grounds,
some portion of the population enters Hervey Bay early on their southern migration,
remaining for a few days or sometimes weeks before continuing south along the east-
ern seaboard towards Antarctica (Paterson 1991, Corkeron et al. 1994, Chaloupka
et al. 1999, Franklin et al. 2011). However, humpback whale migration is influenced
by subtle and complex social behaviors (Brown and Corkeron 1995), and the assump-
tion that whales transit directly through the migratory corridor off this coast requires
further investigation. In this study, we report on the migratory timing and intrasea-
son movements of humpback whales photographed at three locations over a 550 km
range off the eastern coast of Australia. These findings have important implications
for management of this species, including for estimating the abundance of a migrat-
ing population, as well as for determining residence times of whales in their breeding
range.
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Methods

Intraseason Resightings of Whales Between Byron Bay, Hervey Bay, and Ballina

Photo-identification of individual humpback whales was conducted during vessel-
based surveys in the austral winter and spring months of 2003–2005 at three loca-
tions (Byron Bay, Ballina, and Hervey Bay) off the eastern coast of Australia (Fig. 1).
Byron Bay and Ballina are located approximately 3,500 km north of the Antarctic
feeding grounds and 1,000 km south of the southern end of the putative breeding
grounds for Group E1 humpback whales (21ºS) (Marsh et al. 1997, Smith et al.
2012). Hervey Bay is situated between the mainland and the western side of Fraser
Island and lies approximately 600 km south of the putative Great Barrier Reef breed-
ing grounds. The shortest swimming distance for whales traveling between Hervey
Bay and the Byron Bay and Ballina study areas is approximately 550 km. Surveys at
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Figure 1. Study sites of surveys conducted on the northern migration at Byron Bay (28º37′S,
153º38′E), and the southern migration at Hervey Bay (25º00′S, 153º00′E) and Ballina
(28º52′S, 153º37′E).
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Byron Bay were conducted during the northern migration, while those at Hervey
Bay and Ballina were conducted during the southern migration (Table 1). Survey
effort at Ballina was restricted to 3–4 d/wk due to logistical constraints, while surveys
at Byron Bay and Hervey Bay were conducted on all days of the survey period,
weather permitting.
For the purposes of this study, a “pod” was defined as either a lone whale, or two or

more whales within 100 m of each other and generally coordinating their travel
speed and direction (Corkeron et al. 1994). A “calf ” was defined as any whale esti-
mated to be less than half the length of another whale in close proximity (Corkeron
et al. 1994). All noncalves were defined as “adults,” although no inference was made
as to their level of sexual maturity (Franklin et al. 2011).
For all surveys, pods were selected by approaching the closest pod to the research

vessel. However, for the Byron Bay and Ballina surveys, if no pod was in sight, direc-
tions to the next closest pod were obtained via radio communication with land-based
spotters. No land station was used for the Hervey Bay surveys, and therefore if no
pod was in sight of the research vessel, either a random direction of travel was chosen
and followed until the next pod was sighted, or if information was available about
the location of other pods from commercial whale watch vessels in the vicinity, this
information was used to choose a direction of travel.
All photographs from each location were analyzed to extract and archive the best

identification photograph(s) for each whale in each pod. Poor quality photographs
were included in the analysis if they provided sufficient information to identify the
individual when compared with another photograph of sufficient quality. Some
matches using poor quality fluke photographs were confirmed using photographs of
the dorsal fin or lateral body pigmentation of the whale.
All photographs for each location were reconciled both within and among seasons

to compile resighting histories of individual whales. Intraseason comparisons of fluke
catalogues from the three locations were then conducted. In order to reduce the num-
ber of comparisons required to match catalogs, all fluke photographs were compared
using fluke stratification systems developed by the authors. These systems involved
stratifying flukes according to the overall percentage black pigmentation on the fluke,
as well as characteristics of the central region and trailing edge of the fluke (Burns
2010, Franklin et al. 2011). Some interseason comparisons were also conducted in
order to provide information about the timing of individual whales migrating south
one year and returning north the following season. In this way, the Ballina 2003
flukes were compared with those from Byron Bay 2004, and Ballina 2004 were com-
pared with Byron Bay 2005.
All matches were confirmed by at least two experienced matchers. Sightings

intervals were calculated for all resighted whales, and resighting intervals between
locations were calculated using the date of last identification from the first location to

Table 1. Dates of survey for vessel-based photo-identification studies at Byron Bay, Hervey
Bay, and Ballina 2003–2005.

Year
Byron Bay
survey dates

Hervey Bay
survey dates

Ballina
survey dates

2003 21 June–6 July 10 August–17 October 1 September–6 November
2004 26 June–11 July 8 August–15 October 1 September–1 November
2005 4 June–12 August 7 August–14 October 17 August–4 November
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date of first identification at the second location. The corresponding migration rates
between locations were assumed to be minimum rates, as whales may have arrived
earlier or left later than when they were photographed at each location.
For one of the matched individuals (photographed at Hervey Bay and then again at

Ballina), an additional opportunistic photograph was also obtained from a passenger
aboard a whale watch vessel at Eden (approximately 1,000 km south of Ballina,
Fig. 1). In order to test whether individual whales migrated directly through the
migratory corridor during their southern migration along the northern NSW coast,
resighting intervals were also calculated for all whales photographed on more than
one day within a season during surveys at Ballina.
Further information about the timing of humpback whale migration was assessed

by comparing sightings information for an anomalously white (and thus unusually
conspicuous) whale, commonly known as “Migaloo,” that migrates along the eastern
coast of Australia each year (Forestell et al. 2001, Burns et al. 2012, Polanowski et al.
2012). This whale was first sighted off Cape Byron in 1991 (Forestell et al. 2001),
with genetic evidence showing that it is a male (Burns et al. 2012) and albino (Pola-
nowski et al. 2012). Information about sightings of Migaloo were collated as per
Burns et al. (2012), with sightings defined as “certain” if documented by supporting
evidence (e.g., photograph, movie); “likely” if a trained observer had provided a first-
hand account; and anecdotal for all others, as per Forestell et al. (2001). For the
purposes of this study, anecdotal and likely sightings were excluded from analyses.
Migaloo’s mean migration rate was estimated using certain sightings along the
migratory corridor (n = 5) to be approximately 125 km/d. Estimates of the dates
that Migaloo passed Byron Bay/Ballina on its northern and southern migrations each
year were calculated by extrapolating the travel time from the nearest sighting
location to Byron Bay, and assuming a mean migration rate of 125 km/d.

Results

Intraseason Resightings of Whales Between Byron Bay, Hervey Bay and Ballina

A total of 2,278 fluke photographs were collected during vessel-based surveys at
the three study sites from 2003 to 2005 (Table 2).
Eighty individual intraseason movements of humpback whales were recorded

between Byron Bay, Hervey Bay, and Ballina (Fig. 2). Summary statistics for inter-
vals between sightings of whales photographed at more than one location within a
given season are shown in Table 3. Data categorized into sightings for whales of
known sex are shown in Table 4.
One whale (BA04042), identified as a male using both genetic and behavioral data,

was photographed traveling north with another adult off Ballina on 11 September

Table 2. Number of fluke photographs collected each year during vessel-based surveys at
Byron Bay, Hervey Bay and Ballina 2003–2005.

Year Byron Bay Hervey Bay Ballina Total

2003 104 281 200 585
2004 166 314 152 632
2005 396 388 277 1,061
Total 666 983 629 2,278

566 MARINE MAMMAL SCIENCE, VOL. 30, NO. 2, 2014



2004, and then recorded singing in Hervey Bay on 3 October 2004 as a singleton.
This individual was also seen in a pod of six adults and three calves2 on 4 October
2004 in Hervey Bay, and was photographed again at Ballina on 12 October 2004
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Figure 2. Intraseason movements of humpback whales recorded between Byron Bay,
Hervey Bay, and Ballina for the period 2003–2005.

2Franklin et al. (2011) reported 0.2% of pods observed in Hervey Bay contained three calves and 1.6%
contained two calves.
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traveling south with two other adults, equating to a mean minimum migration rate
of 2.9 km/h for this whale from Hervey Bay back to Ballina (a distance of approxi-
mately 550 km).
Another individual (BA05248) was photographed at Hervey Bay (29 Septem-

ber 2005) and Ballina (13 October 2005), as well as by a tourist aboard a whale
watching vessel off the coast of Eden (2 November 2005), approximately
1,000 km south of Ballina (Fig. 1). These sightings correspond to mean mini-
mum southward migration rates for this whale of 1.6 km/h between Hervey Bay
and Ballina, and 2.0 km/h between Ballina and Eden. Mothers with calves
(n = 8) resighted between Hervey Bay and Ballina in this study averaged mean
minimum southward migration rates of 1.6 km/h, females without a calf (n = 2)

Table 4. Sightings intervals for whales of known sex or social role photographed in more
than one location (Byron Bay (BB), Hervey Bay (HB), and Ballina (BA)) within a season for
2003–2005.

Location Sexa
Number of whales
resighted intraseason

Median number of days
between sightings

(IQR)

BB then HBb Male 11 74 (32.0–83.0)
FNC 1 50

BB then BAb Male 2 66.5
FNC 1 63

HB then BA Male 8 9.5 (8.0–19.5)
Female (all) 10 11.5 (8.5–14.8)
Comprising:
FNC
MWC

2
8

6.5 13 (10.8–15.5)

aFNC = female no calf, MWC =mother with calf.
bThese whales were assumed to have traveled north from BB to the breeding area and were

then photographed again at HB or BA respectively on their southward migration.

Table 3. Sightings intervals for whales photographed in more than one location (Byron Bay
(BB), Hervey Bay (HB), and Ballina (BA)) within a season for 2003–2005.

Location

Number of
whales
resighted

Shortest number
of days between

sightings

Longest number
of days between

sightings

Median number of
days between sightings

(IQR)

BB then HB 26 21 105 52 (42.5–75.5)
BB then BAa 21 31 125 59 (47.0–70.0)
HB then BA 33 5 26 9 (8.0–14.0)
BB then HB
then BA

0 N/A N/A N/A

aThese whales were assumed to have traveled north from BB to the breeding area and were
then photographed again at HB or BA respectively on their southward migration.
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averaged 3.5 km/h, males (n = 8) averaged 1.6 km/h, and whales of unknown
sex (n = 15) averaged 2.5 km/h.
Intervals between sightings of individual whales between Byron Bay and Hervey

Bay (n = 26) showed a statistically significant trend r = 0.69, t = 4.695,
P ≤ 0.001), whereby the later in the season a whale was first sighted at Byron Bay,
the smaller the interval before it was resighted at Hervey Bay. A similar trend was
found for whales sighted at Byron Bay on their northern migration and then again at
Ballina on their southern migration (n = 21, r = 0.69, t = 4.222, P ≤ 0.001). For
the three years for which an estimated date that Migaloo passed Byron Bay/Ballina
both north and south could be calculated using certain sightings (Table 5), it was
sighted on its southward journey 90, 102, and 102 d, respectively after the northward
sighting.
A further 19 movements were recorded of whales photographed at Ballina on their

southern migration one year and then again on their northern migration past Byron
Bay the following season, with intervals between sightings ranging from 256 to 320
d and a mean of 288 d (SD = 21.2). The number of days between sightings for these
19 whales was inversely correlated with the date of first sighting (r = 0.883,
t = 7.751, P < 0.001), whereby the earlier a whale was sighted on its southern
migration one year, the longer the interval before it was sighted travelling north the
following year. Sex data for all but two of the 19 whales were lacking: a mother pho-
tographed with calf in 2003 was sighted 286 d later (without the calf/yearling) on its
northern migration in 2004, and Migaloo, a known male, passed Byron Bay in 2005
256 d after being photographed at Ballina in 2004.

Intraseason Resightings of Whales Seen on More than One Day During Surveys of the
Southern Migration at Ballina 2003–2005

Of the 609 whales identified during the Ballina surveys, 13 individuals (2.1%)
were sighted on more than one day within a season from 2003 to 2005. Two of these
13 whales were mothers with calves, and three were males confirmed by behavioral
observation and genetic analysis of sloughed skin samples.
The median interval between the first and last identifications for the 13 resighted

whales was 7.0 d, with a range of 1–47 d (IQR = 5–26 d). Resighted whales were
seen swimming in all combinations of travel direction for the two sightings, includ-
ing individuals observed migrating north on both occasions, south on both occasions,
north on the first sighting and south on the second sighting, and south on the first
sighting and north on the second sighting. Ten of the 13 resighted individuals were
seen at least once during the 10 d period from 10 to 20 September, which corre-
sponds generally to the first peak in a bimodal distribution of whales observed during

Table 5. Estimated dates that the white humpback whale “Migaloo” passed Byron Bay on
its northward and southward migration within-season, 2004–2009. Adapted from Burns et al.
(2012) using only “certain” sightings and assuming a migration rate of 125 km/d.

Estimated date passing
Byron Bay North

Estimated date passing
Byron Bay South Estimated time between sightings (d)

22 June 2004 2 October 2004 102
20 June 2007 30 September 2007 102
30 June 2009 28 September 2009 90
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land-based surveys at this location (Burns 2010). One male (BA04042) was seen at
Ballina on 11 September 2004, then in Hervey Bay on 3 October 2004 and 4 Octo-
ber 2004, and back at Ballina on 12 October 2004.

Discussion

Intraseason Resightings of Whales Between Byron Bay, Hervey Bay, and Ballina

It may be inferred from this study that, on average, Group E1 whales spend
approximately 2 mo in the northern part of their migratory range, including the
northernmost section of the east coast migratory corridor and the breeding grounds.
The general migratory pattern of Group E1 humpback whales consists of individuals
traveling north from Antarctica along the eastern coast of Australia to breeding
grounds in the vicinity of the Great Barrier Reef (GBR) and/or the Coral Sea, and
then returning south past Ballina on their journey back to high latitude feeding
grounds (Dawbin 1966, 1997; Bryden 1985; Paterson 1991; Franklin et al. 2011,
2012; Smith et al. 2012). In this study, whales identified at Byron Bay on their jour-
ney north were seen on their southern migration in Hervey Bay at a median interval
of 52 d (IQR = 42.5–75.5) later and at Ballina 59 d (IQR = 47.0–70.0) later. Valsec-
chi et al. (2002) reported similar intervals for four whales resighted on their northern
and southern migrations past North Stradbroke Island in 1992, approximately
150 km north of Ballina (mean = 49.8 d between sightings, SD = 28.0).
If travel time is factored into the resighting intervals of whales photographed at

Byron Bay and then again on their journey south at Hervey Bay or Ballina, the res-
ighting intervals calculated in this study correspond to an average residence time in
the breeding grounds of approximately 4 wk (Fig. 3). Using Dawbin’s (1966) sug-
gested travel speed of 400 km/wk for the migrating whale population, and assuming
a relatively direct migration route, it may be assumed that, on average, a whale would
take approximately 2.5 wk to travel the ~1,000 km from Byron Bay to the southern
end of the putative GBR breeding grounds (~21ºS) and, after spending about 4 wk
in the breeding grounds, another 2.5 wk to travel back to Ballina (Fig. 3). Whales
entering Hervey Bay would take approximately 1.5 wk to travel from the GBR at
latitude 21ºS to reach the embayment on the western side of Fraser Island. Although
migratory patterns of individual whales are likely to vary widely, the general pattern
described here is consistent with the overall mean residence time of humpback whales
observed in their breeding grounds of Hawaii (~36 d, Craig et al. 2001), and mean
resighting intervals from R!eunion Island in the southwestern Indian Ocean (22–29 d,
Dulau-Drouot et al. 2012).
A total of 33 whales (21 males and 12 females) of known sex were resighted

between Byron Bay, Hervey Bay, and Ballina, and males showed longer mean resigh-
ting intervals than females. This is consistent with the hypothesis that males attempt
to maximize mating opportunities by remaining longer on the breeding grounds
(Craig et al. 2003), and perhaps by circling north during their general southward
journey. The latter hypothesis is supported by intraseason resighting data from Balli-
na and is discussed further below. In contrast, females, especially those that are newly
pregnant, generally return quickly to the feeding grounds to maximize their feeding
opportunities (Dawbin 1966, Clapham 2002, Craig et al. 2003). Craig et al. (2001)
reported that males showed the longest median interval between the dates of first and
last identification within a season in Hawaii, while females without a calf showed the
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shortest median interval. Craig et al. (2003) also suggested that migratory timing
differs as a function of size for male humpback whales, with larger males able to with-
stand longer periods of residency on the breeding grounds before returning to the
feeding area to replenish their energy reserves. Sighting information for Migaloo is
consistent with this hypothesis. As a known adult male, Migaloo had longer
resighting intervals between its northern and southern migrations off Byron Bay
(range 90–102 d) than the mean for all other whales in this study (59.8 d). However,
this observation may also be influenced in part by sighting bias, as Migaloo’s high
visibility is likely to have resulted in it having a higher sighting probability com-
pared with other whales (Burns et al. 2012).
A significant trend was observed in this study for individual whales sighted on

their northern migration past Byron Bay to be resighted on their southern migration
(either in Hervey Bay or at Ballina) at shorter intervals the later the whale was first
sighted at Byron Bay. It may be assumed that whales traveling later in the season
were spending less time on the breeding grounds than those traveling early in the sea-
son, with late-arriving whales then returning south with the rest of the migrating
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Figure 3. Approximate residence and travel times3 of humpback whales at various points
on their migratory cycle, as interpolated from resighting data between Byron Bay, Hervey
Bay, and Ballina. Residence and travel times for Migaloo were interpolated separately from
confirmed sightings in 2004/2005.

3These times assume a consistent rate of travel on the migratory corridor between 21º and 60ºS and
should be interpreted with caution. Individual migration patterns are likely to vary widely. Migaloo’s
total residence and travel times do not add up to 52 wk due to interpolations being based on raw data.
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population. Although the resighting data were limited with respect to age class infor-
mation, known males showed a stronger trend than those of unknown sex. This may
be explained by the temporal segregation of age classes of migrating humpback
whales (Dawbin 1966, 1997), and the mating strategies of male humpback whales;
those males able to endure longer periods on the breeding grounds would be likely to
migrate earlier in the season and remain later in the season to maximize breeding
opportunities (Craig et al. 2003).
Using “certain” sightings to estimate Migaloo’s migration rate along the migratory

corridor, this whale showed a significantly faster mean speed (5.2 km/h) than the
mean for all whales resighted between Hervey Bay and Ballina (2.0 km/h). Migaloo’s
estimated speed was more than twice as fast as Dawbin’s (1966) estimate for the speed
of the entire migrating population (2.4 km/h). As a mature adult male (Forestell
et al. 2001, Burns et al. 2012), Migaloo is likely to be more able to sustain faster tra-
vel speeds than whales in other age classes, such as juveniles or mothers with calves.
It is also possible that Migaloo travels faster than other whales as a means of avoiding
or minimizing harassment along the migratory corridor, as whale watch and recrea-
tional vessels show a higher interest in this whale compared with other whales
(Forestell et al. 2001).
Resighted whales identified in Hervey Bay were seen as they journeyed south past

Ballina at a mean of 11.3 d (SD = 5.4) later. The shortest swimming distance
between Hervey Bay and Ballina is approximately 550 km. Thus the whale with the
shortest resighting interval between Hervey Bay and Ballina (5 d) was traveling at a
mean minimum migration rate of 4.6 km/h. The overall mean minimum migration
rate of all 33 whales resighted between Hervey Bay and Ballina in this study was
2.0 km/h. The single whale photographed at Hervey Bay, Ballina, and Eden
(BA05248) showed minimum mean travel speeds of 1.6 km/h between Hervey Bay
and Ballina, and 2.1 km/h between Ballina and Eden. For whales of known sex
resighted between Hervey Bay and Ballina, mothers with calves (n = 8) averaged
1.6 km/h, females without calves (n = 2) averaged 3.5 km/h and males (n = 8) aver-
aged 1.6 km/h. The two females without calves were both seen traveling south with
one other whale of unknown sex. It is possible that both females were newly pregnant
whales, perhaps being escorted by a mate-guarding male, however the small sample
size and lack of sex data for the accompanying whales limits the conclusions that may
be drawn from these sightings.
Overall, the calculated migration rates from resightings of individual whales

between Hervey Bay and Ballina during this study are consistent with mean migra-
tion rates for the whole population calculated by Dawbin (1966), but significantly
slower than measured swim speeds of whales using land-based or vessel-based track-
ing over relatively short distances (Findlay and Best 1996, Noad and Cato 2007,
Burns 2010, Hedley et al. 2011, Salgado Kent et al. 2012). This may be due to sev-
eral reasons. Firstly, it is likely that some whales remained in Hervey Bay for a period
of time after they were last photographed at that location and before beginning the
journey south to Ballina. Therefore the measured intervals of individuals resighted
between the two locations would be underestimates of the actual travel times. Sec-
ondly, it is likely that whales intersperse periods of travel with periods of rest (Double
et al. 2010), travel more slowly during certain parts of their migration or during the
night, or that net travel speeds may differ at different times of the year as a result of
temporal changes in the strength of oceanic currents, such as the East Australia Cur-
rent (Ridgway and Godfrey 1997). Thirdly, whales may not travel along a direct
route from Hervey Bay to Ballina, but may instead circle back northward, “mill,” or
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travel a less direct route on migration. Therefore, even if whales traveled at consis-
tently faster swim speeds, as measured over relatively short distances during land-
based or vessel-based surveys, the overall net migration rate would be slower. This
has important implications for management of this species, including for abundance
estimation if swim speed is used to fit migration models to daily count data (e.g.,
Hedley et al. 2011, Salgado Kent et al. 2012). Further investigation of northern
migration patterns compared with those on the southern migration is required.
The inverse correlation between sighting intervals for whales photographed on

their southern migration at Ballina one year and then on their journey north the fol-
lowing year is difficult to interpret without more information on the sex and age class
of the resighted whales. It is possible that whales leaving the breeding grounds early
in the season were newly pregnant females that would spend longer periods in Ant-
arctica before returning north in the last group of whales the following season; whales
leaving the breeding grounds late may have been lactating females and mature males
that would spend less time in Antarctica (Dawbin 1966, 1997). However, without
more detailed sex data, these interpretations should be considered tentative.

Intraseason Resightings of Whales Seen on More than One Day During Surveys of the
Southern Migration at Ballina 2003–2005

Although it may be expected that very few whales would be resighted in the
migratory corridor if they travel directly from the breeding grounds to the feeding
grounds, the intraseason resighting rate of whales identified during the Ballina sur-
veys (2.1%) strongly suggests that some whales instead circle back and migrate
against the oncoming stream of south-swimming whales, or mill in one area for a per-
iod of time. Most of the individuals resighted at Ballina in this study were photo-
graphed at relatively short intervals between sightings, and were seen traveling in all
combinations of north-south travel direction for the two (or more) sightings. This
suggests that the majority of these whales were unlikely to have been late northward
migrators that were photographed again on their southward migration, but instead
were whales that were resighted after milling or circling back north for a period of
time during their general southward journey.
The period from 1 to 18 September corresponded with the first peak in a bimodal

distribution of whales observed during land-based counts at this location (Burns
2010). The period from 4 to 18 September was also the peak period during which
mature males were caught off the coast of Byron Bay during whaling operations from
1954 to 1961, and followed the peak period for females without calves to pass this
location (21 August to 4 September) (Dawbin 1997). As 10 out of the 13 resighted
whales identified in this study were seen at least once during the period from 10 to
20 September, this raises the question as to whether it was a particular class of whale
that tended to circle back north during a certain part of the migration. The two
whales resighted by Valsecchi et al. (2002) on the southern migration in 1993 were
also seen during this period, with one whale observed on 4 and 13 September, and
another on 6 and 7 September. Thus it is possible that some mature males may travel
south and either attempt to mate with, or be mate-guarding, females on migration
(Brown and Corkeron 1995), and then circle back north into the migrating stream of
whales after most of these females have passed. Males circling back into the migratory
stream would therefore increase their probability of mating with other females during
this period, as well as perhaps with females in early lactation (Craig et al. 2002) that
tend to travel south later in the season (Dawbin 1966, 1997). When taken in context
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with the overall group characteristics of whales observed during the Ballina surveys,
which closely resembled those of whales on breeding grounds from other locations
(e.g., competitive groups, singing whales, escorted mothers with calves, and the pre-
dominance of pairs) (Burns 2010), the presence of circling whales supports the sug-
gestion that breeding behavior may continue during the southern migration along
the eastern seaboard.
The hypothesis that males may circle north during the southern migration is sup-

ported by several linked observations. Firstly, the single whale that was seen on multi-
ple occasions in one season of the Ballina surveys (BA05075) was sighted on four out
of six days from 10 to 16 September, including in numerous competitive groups, and
was observed travelling both north and south at least once on each day, moving
between different pods on three of the four days. This whale was confirmed as a male
by both genetic and behavioral data. Secondly, the only other whale seen on more
than two days (BA04081) was seen three times between 11 and 18 September, includ-
ing in a competitive group on two different days. Finally, of the eight whales of
unknown sex that were resighted, all were seen at least once from 11 to 20 September,
and five were seen at least once in a competitive group, greatly increasing the likeli-
hood that these whales were males (Clapham et al. 1992, Brown and Corkeron 1995).
Dawbin (1997) found the peak period for mature males passing various locations

on their southern migration to be later than the peak for females and immature
whales, with the delay between the peaks of the categories increasing with latitude.
This is consistent with the hypothesis that mature males may circle back north dur-
ing the southern migration and may partially explain the findings of Budker (1953
cited in Clapham 2000) and Chittleborough (1965), as well as evidence from more
recent authors (e.g., Brown et al. 1995, Craig and Herman 1997, Palsbøll et al. 1997,
Smith et al. 1999, Herman et al. 2011), that the ratio of male to female humpback
whales increases with proximity to the breeding grounds.
Furthermore, the proportion of the population that circles north during the south-

ern migration is likely to be larger than indicated by the intraseason resighting rate
from this study. As surveys were conducted for only 3–4 d/wk on average at Ballina,
many of the whales identified on a single occasion during the project may have passed
through the survey area numerous times on days or at times of day not surveyed.
These whales may have also been present in the study area during survey periods but
were not photographed, particularly when taking into account the logistical con-
straints on survey effort and the size of the migrating population (approximately
7,000 in 2004/2005) (Noad et al. 2011, Paton et al. 2011).
Anecdotal reports of erratic movements of southward migrating humpback whales

have been documented previously on the eastern coast of Australia, with southbound
whales sometimes circling around or remaining stationary for short periods, whereas
northbound whales tend to take a more rapid and direct course towards their destina-
tion (Paterson 1984, Bryden 1985, Valsecchi et al. 2002). Previous authors have also
reported whales observed migrating north as late in the season as the last week of
October, however it is possible these were whales that had already migrated north
and were then seen as they circled back north again during their general southward
journey (Chittleborough 1965, Paterson 1991, Paterson et al. 2001). None of the
northward migrating whales described by these authors were identified individually,
and therefore there was no way of knowing if they were actually whales that were
circling back north during their southern migration. This has potential implications
for abundance estimates calculated from land-based counts if “circling” whales are
not accounted for in the estimates. If this pattern is observed consistently, then
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management authorities may also need to account for circling whales when identify-
ing important habitats and evaluating conservation issues.
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