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Agonistic competitive social behaviour in humpback whales [Megaptera novaeangliae (Borowski, 1781)] has been extensively studied and reported in previous research. However, non-agonistic social behaviour in humpback whale pods has not been systematically studied. We investigated the social behaviour of 3,949 humpback whale pods over a period of 14 years during August, September, and October in Hervey Bay (Queensland, eastern Australia), a preferential female stopover early in the southern migration. Modelling and analyses of the data examined the factors influencing the occurrence and timing of non-agonistic social behaviour pods, agonistic competitive pods and newly associated pods. Non-agonistic social behaviour was observed more frequently during August when mature females, including early pregnant and resting females, co-occur and socially interact with immature males and females. Overall, relatively few mature males visit Hervey Bay. Agonistic competitive behaviour was observed with increasing frequency during September and October when mother-calf pods, with few escorts predominated. Mother-calf pods in Hervey Bay spent most of their time alone involved in maternal care. Agonistic competitive behaviour is related to the decreasing numbers of potentially oestrous females toward the end of the season. Non-agonistic social behaviour and agonistic competitive behaviour were more frequently observed in larger and newly associated pods. Overall, non-agonistic social behaviour pods were more prevalent than agonistic competitive social behaviour pods. The results of this study substantiate that non-agonistic social behaviour may be more prevalent than aggressive agonistic social behaviour in site-specific locations and habitats, depending upon the classes and timings of humpback whales using such habitats.
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INTRODUCTION

Humpback whales (Megaptera novaeangliae) are a migratory species. Except for humpback whales in the Arabian Sea (Mikhalev, 1997), individual females and males, in all maturational classes, and different reproductive states, in all other populations, migrate from high-latitude summer/autumn feeding areas to low latitude winter/spring breeding grounds (Chittleborough, 1965; Dawbin, 1966; Clapham and Mead, 1999). Feeding is rare or absent in winter breeding grounds, when most behaviours are related to calving and mating. The latter includes singing of long, complex song by male humpbacks to either attract females and/or meditate intrasexual interactions with other males (Payne and McVay, 1971; Clapham, 1996; Darling et al., 2006; Herman, 2017).

Humpback whale social behaviour and demographics in the feeding areas and breeding grounds in the Northern Hemisphere, as well as along some migratory routes, have been well described (see summaries in Clapham, 1993, 2000; Herman, 2017). In contrast, there is relatively little understanding about the behaviours and demographics of humpback whales in so-called “stopover” habitats along migratory routes, to and from feeding areas and breeding grounds. The use of so-called “stopovers” for rest, refuelling and predator avoidance, is not uncommon in species that undergo relatively long migrations including insects (Kennedy, 1951; McCord and Davis, 2012), reptiles (Rice and Balazs, 2008; Baudouin et al., 2015; Dujon et al., 2017; Nivière et al., 2018), mammals (e.g., Sawyer and Kauffman, 2011), and numerous bird species (e.g., Alerstam and Hedenström, 1998; Weber et al., 1998; Schaub et al., 2001, 2008; Delmore et al., 2012; McCabe and Olsen, 2015; Zaynagutdinova et al., 2019).

Several recent studies have identified and investigated migratory stopovers of humpback whales involving shallow-water environments for resting mother-calf pods (Carvalho et al., 2011; Meynecke et al., 2013; Bruce et al., 2014; Franklin et al., 2018; Stack et al., 2020), coastal feeding areas (Gill et al., 1998; Stockin and Burgess, 2005; Stamation et al., 2007; Barendse et al., 2010, 2013; Owen et al., 2015), and sea mounts used for resting, early feeding and singing and as navigational aids (Garrigue et al., 2015; MacKay et al., 2016; Derville et al., 2020).

Social behaviour in humpback whales can be broadly characterised as either agonistic or non-agonistic. While physical agonistic behaviour has occasionally been observed from females apparently rejecting the advances of an escort (Clapham, 1996, 2000; Pack et al., 2002; Franklin, 2012), and between a singing male and a male joiner (Darling and Berube, 2001), most physical agonistic social behaviour in humpback whales occurs within “competitive groups” (Clapham et al., 1992). These groups consist of a single female with or without a calf and two or more male escorts competing through various displays and aggressive acts for position and presumably potential mating access to the female (Tyack and Whitehead, 1983; Baker and Herman, 1984b; Clapham et al., 1992). Most non-agonistic social behaviour (described in detail below) in humpback whales in the breeding grounds or along migratory routes occurs in lone mother-calf pairs, in mother-calf pairs accompanied by a single escort (e.g., Craig et al., 2002, 2014; Cartwright and Sullivan, 2009; Cartwright et al., 2012; Zoidis et al., 2014; Zoidis and Lomac-MacNair, 2017), in male-male dyads (Brown and Corkeron, 1995; Darling and Berube, 2001; Darling et al., 2006), in male-female dyads (Jones, 2010; Herman et al., 2011; Pack et al., 2012) and among singers and whales that join them (Darling et al., 2006; Herman, 2017).

Some types of associations of humpback whales are relatively long term. These include the relationship between a mother and calf, which typically lasts 11–12 months (Clapham, 1996), and the relationships of some individuals in cooperative feeding groups, which may continue for years (e.g., Weinrich and Kuhlberg, 1991; Sharpe, 2001; Sharpe et al., 2013). However, most associations are short lived and temporary (Mobley and Herman, 1985; Clapham, 1993, 2000). The modal size for pods involving a calf present in Hawaii was three, mother-calf and escort (Herman and Antinoja, 1977; Herman et al., 1980; Glockner and Venus, 1983). In contrast, in Hervey Bay in pods with calves present the modal size was two because of the significantly higher proportion of mothers alone with their calves (Franklin et al., 2011). In the Hawaiian breeding grounds, mother-calf pairs typically do not affiliate with each other, reflecting reports of a general trend of female avoidance of other females in Northern Hemisphere breeding grounds (Clapham, 2000; Darling, 2001; Pack et al., 2017).

Hervey Bay is a wide shallow coastal embayment (Ribbe, 2014), south of the presumed breeding grounds of eastern Australian humpback whales within the Great Barrier Reef (Simmons and Marsh, 1986; Paterson, 1991; Smith et al., 2012). Commercial industrial whaling during the 1950s and early 1960s, in Antarctica and along the east coast of Australia south of Hervey Bay (Clapham et al., 2009; Ivashchenko and Clapham, 2014), decimated to near extinction, the east Australian humpback whale population (Woinarski et al., 2014; Harrison and Woinarski, 2018). Historically there are no formal reports of whales in Hervey Bay prior to the late 1980s (see e.g., Chaloupka et al., 1999). Early research in Hervey Bay during the late-1980s and early 1990s established that humpback whales enter and leave the Bay from the north, aggregate in the shallow eastern part of the Bay along the western shore of Fraser Island and that mothers with calves are the last cohort to use the Bay (Corkeron, 1993; Corkeron et al., 1994; also see Figure 2 below). However, there were insufficient data to determine the importance of Hervey Bay for particular classes of humpback whales.

Subsequently, a long-term vessel-based photo-identification study of humpback whales was undertaken between 1992 and 2009 (see Franklin, 2012, 2014). Humpback whales use Hervey Bay as a stopover early in the southern migration during August, September, and October (Franklin et al., 2011, 2018). The estimated mean residency of humpback whales in Hervey Bay is constant by week within season and over years (Mean = 1.53 weeks, SE = 0.22 weeks, LCI 1.09 weeks: UCI 1.96 weeks; Franklin, 2014). Pod characteristics differ significantly in August compared to September and October, related to the different classes of humpback whales using the Bay (Franklin et al., 2011). Hervey Bay is a female preferential habitat (2.9:1 females to males, Franklin et al., 2018). Mature females, including resting and early pregnant females, occur during August, co-temporal with the immature male and female cohort (Franklin et al., 2018). During August immature males and females are actively involved in complex social interactions with each other and with mature females (e.g., see Franklin, 2012). Unescorted mother-calf pods predominate in Hervey Bay during September and October (Franklin et al., 2011). Overall, only a few mature males are present in Hervey Bay during August, September, and October (Franklin et al., 2018).

In the current study, we systematically investigated non-agonistic and agonistic social behaviour in pods of humpback whales in Hervey Bay to better understand the pod types, pod associations and social behaviours occurring in an area used as a stopover. Data collected over a 14-year period were used to (a) analyse and model the occurrence and timing of pod associations, non-agonistic social behaviour and agonistic competitive behaviour in pods, within season and between years; (b) determine the relative proportions of non-agonistic versus agonistic social behaviour; (c) reveal significant factors influencing agonistic and non-agonistic social behaviour; and (d) compare these observed behaviours at this stopover with those observed in the breeding grounds, feeding areas, and along migratory corridors.



MATERIALS AND METHODS


Study Area and Timing of Vessel-Based Surveys

Hervey Bay, formed by Fraser Island and the mainland, is located at 25°S, 153°E on the east coast of Queensland (Figure 1). It is a wide shallow coastal embayment approximately 4,000 km2 in area with a mean depth of 20 m (Ribbe, 2014). Fraser Island is 126 km long; it lies along a northeasterly axis and its northern end bridges the continental shelf (Ribbe, 2014, also see Figure 2 below). The study area is in the eastern bay against the western shore of Fraser Island (Figure 1).
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FIGURE 1. The location of Hervey Bay on the eastern coast of Australia and its geographic relationship to the Great Barrier Reef and presumed breeding grounds (16°S–23°S; shaded area) of humpback whales is shown on the left-side map. The study area and the Hervey Bay Marine Park boundaries are shown on the eastern side of Hervey Bay. A primary feeding area for eastern Australian humpback whales is around the Balleny Islands, approximately 5,000 km south of Hervey Bay (Franklin et al., 2012; Constantine et al., 2014); although, the feeding range of Southern Ocean humpback whales spreads widely across Antarctica from the Balleny islands, east (Dalla Rosa et al., 2012) and west (Franklin et al., 2017).
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FIGURE 2. Humpback whale migratory pathways into and out of Hervey Bay. Hervey Bay’s northern entrance, east of the northern end of Great Sandy Spit, is 80 km wide with a mean depth of 20 m (Ribbe, 2014). Humpback whales enter (B) and leave Hervey Bay (D) to the north and aggregate in the eastern bay, off the western shore of Fraser Island (C) (Corkeron, 1993; Corkeron et al., 1994; Franklin et al., 2011, 2018). To enter Hervey Bay, humpback whales make a slight diversion from the primary north–south migratory pathway (A) (Paterson, 1991) and traverse shallow waters for approximately 40 km. They contend with 3 m tidal movements and do not return to deeper water until they pass north of Great Sandy Spit (Ribbe, 2014) and rejoin the primary southern migratory pathway (A).


Paterson (1991) reported that the southern migration from the Great Barrier Reef began in late July, with humpback whales moving into and out of Hervey Bay from early August to mid-October. Consequently, we conducted vessel-based observations of humpback whale pods in the Hervey Bay study area from early August until mid-October each year between 1992 and 2005 with consistent annual effort.

Four different motorised vessels were utilised as dedicated research platforms between 1992 and 2005: two were mono-hulls and two were catamarans, ranging in length from 11 to 27 m. The study area is approximately 27.8 km from Urangan Boat Harbour, Hervey Bay (Figure 1). Fieldwork was planned for 6 days each week, leaving Urangan harbour at 0800 each Sunday and returning at 1500 the following Friday. Planned daily operations were from 0930 to 1700 on Sunday, 0700 to 1700 Monday to Thursday, and from 0700 to 1330 on Friday.



Definitions of Terms in This Study

Given that a focus of this study is describing agonistic and non-agonistic social behaviour by pod types and pod associations, the following brief definitions of terms are provided here for clarity.

Singleton: a lone humpback whale.

Pod: is defined as either a singleton or two or more humpback whales within one to two body lengths of each other, generally moving in the same direction and at the same rate of travel (Whitehead, 1983; Clapham, 1993; Corkeron et al., 1994).

Initial pod: this is a pod as first encountered, prior to any change in pod size. If the initial pod joins, or is joined by, one or more pods during observation it is referred to as a newly associated pod.

Calf: an individual whale was considered to be a calf if it appeared to be less than half the length of a particular adult with which it maintained a constant and close relationship (Clapham et al., 1999; Pack et al., 2009). The adult in close proximity to the calf was assumed to be its mother.

Escort: was defined as a whale accompanying a mother with calf (Herman and Antinoja, 1977). In the breeding grounds, escorts have been identified as males, and their association with mother-calf pairs has been proposed as a tactic while prospecting for potential mating opportunities (Glockner and Venus, 1983; Tyack and Whitehead, 1983; Baker and Herman, 1984a; Mobley and Herman, 1985; Clapham, 1996; Craig et al., 2002).

Competitive Pods: a group of three or more whales exhibiting agonistic “Competitive Group” surface behaviours, which typically consists of a single focal female, with or without a calf, and two or more male escorts, some of which compete with each other, presumably for access to the female (Tyack and Whitehead, 1983; Baker and Herman, 1984b; Clapham et al., 1992).

Non-Agonistic Pods: two or more whales, excluding unescorted mother-calf pairs, involved in spatially undirected surface activity and calm interactions with no high-energy actions, aggression or competitive behaviours occurring (Darling et al., 2006). Surface social behaviours involve slow coordinated movements (Herman and Antinoja, 1977; Tyack, 1981; Tyack and Whitehead, 1983). Surface social behaviours include head rising, spy-hops, rolling over ventral side up, pectoral fin extensions, tail fluke-extensions, breaching, pectoral fin slapping, lobtailing and milling.

Other Behaviour Pods: occurs with singletons and in pods that are neither a competitive pod nor a non-agonistic pod, as defined above. Surface behaviours in Hervey Bay may include surface travelling, resting (logging), or occasional surface activity, for example breaching, pectoral slapping, and/or lobtailing.



Field Procedures


Observations

A minimum of six research assistants, were rostered on morning and afternoon shifts. The roster duties were to scan and search for pods; take field notes, GPS positions, weather and environmental readings.

Pods were chosen for observation on a “first pod available” basis with no a priori selection of any particular pod class. During the weekly study period, a variable overnight anchorage within the study area was selected based on the location of the final pod observed, weather conditions, and tidal movements. Each morning, subject to weather and sea-state condition, travel was commenced in a direction that was different from the prior day, until a pod was sighted.

Each pod under observation was assigned an identification code that was recorded together with the date, time, and GPS location was taken at start and thereafter every 15 min until completion when a final GPS position was taken. The number of individuals and their sex (where possible, see below), pod composition, and surface behaviours within pods were also recorded throughout the duration of observation of each pod (continuous sampling; Altmann, 1974). All pod observations and behaviour data were recorded daily in field notes and entered into a FileMaker Pro database each evening. Behaviour that passes unobserved underwater or at night may be significantly different from that documented during the present study; we acknowledge this, but all observations reported here were necessarily made at the surface and during daylight.



Sex-Identification

To the extent possible, an individual whale’s sex was determined using one of two methods: from direct observation of the genital area – female humpback whales have mammary slits and a hemispheric lobe just posterior to the genital slit (True, 1904; Glockner, 1983) or sex was inferred from the whale’s previous sighting histories and/or its behavioural roles. For example, an adult-sized individual accompanying a calf consistently and providing it with nurturing behaviours has been verified to be female (Tyack and Whitehead, 1983; Pack et al., 2009), and escorts and singing whales have been verified to be males (Glockner and Venus, 1983; Tyack and Whitehead, 1983; Baker and Herman, 1984a; Clapham, 2000). Chu and Nieukirk (1988) verified that humpback whales with distinct vertical and horizontal dorsal fin and lateral body scars, resulting from competitive activity were male. Females never exhibit such marks (Franklin et al., 2020). With few exceptions (e.g., see Clapham et al., 1992), the whale designated from positioning and behaviour as the “focal whale” in competitive groups has been verified as female (Darling et al., 1983; Tyack and Whitehead, 1983; Baker and Herman, 1984b; Clapham et al., 1992, 1993; Clapham, 2000).



Pod Behaviour and Inter-Pod Association and Non-association Data

Each pod was surveyed until its composition, the number of whales present, individual sex (where possible), and the surface social activity and behaviours within pods throughout the period of observation were determined.

Upon commencement of observation of the initial pod (see Definitions above) a member of the observation team continually scanned for and reported on other pods within a radius of approximately a kilometre. If one or more of those pods were tracking toward the initial pod, or if the initial pod was tracking toward them, then the duration of observation was extended to observe and record associations as they occurred. The details of each associating pod, including time, GPS location, size, composition and surface social activity and behaviours were recorded. Each newly associated pod was designated as either a consecutive association (e.g., a mother-calf pod attracts one escort at time 1, time 2, time 3, etc.) or as a simultaneous association (e.g., three singletons approaching each other and associating at the same time).

Pods were firstly categorised into those that did not associate while under observation and those that did associate while under observation forming newly associated pods. All logged information on surface activity, behaviours and composition for each pod was reviewed and pods were categorised either as a non-agonistic pod, agonistic competitive pod or other behaviour pod, in accordance with the definitions above.



Statistical Analyses

The pod or singleton was used as the basic observational unit in analyses. The size of the newly associated pods by number of pods associating and size of the initial pod were reported. The duration of observations of competitive pods, non-agonistic pods and other behaviour pods were also reported.

The frequencies of competitive pods, non-agonistic pods and other behaviour pods, sorted by pods with no calves present and pods with calves present, by newly associated pods and pods that did not associate while under observation, and by number of whales (excluding calves) in pods (1, 2, and 3+) were reported. The data on non-agonistic pods, competitive pods, and newly associated pods, by week within season (1–10), together with the sub-set of pods used in statistical analysis and modelling were reported.

Variation in the proportion of newly associated pods by year, by week within year (1–10), by calf present or not present, and by pod size were assessed using chi-square analyses. The variation in the proportion of non-agonistic pods and competitive pods (independent analyses) by year, by week within year, by pods that did not associate while under observation and newly associated pods, and by pods with no calves present and pods with calves present were examined.

Chi-square analyses were used to document the univariate associations between the occurrence of non-agonistic pods and newly associated pods, year, week within year, number of whales (excluding calves) and presence of calf in the pod prior to fitting a binary logistic regression model to assess the joint effects of the above factors (explanatory variables) on the probability of occurrence of non-agonistic social behaviour in pods (response variable). Similarly, chi-square analyses were used to document the univariate associations between the occurrence of newly associated pods and agonistic competitive pods, year, week within year, number of whales (excluding calves) and presence of a calf in the pod prior to fitting a binary logistic regression model to assess the joint effects of the above factors (explanatory variable) on the probability of occurrence of agonistic competitive behaviour in pods (response variable).

The binary logistic regression models were fitted in SPSS (version 26; IBM Corporation, 2019) using the procedure Generalized Linear Models (GENLIN). Descriptions of the modelling process are included in the section “Results.” Goodness of fit was assessed in terms of model deviance, its degrees of freedom and Chi squared tests, and AIC values. Multicollinearity was considered from the perspective of how the model effects should be interpreted in terms of the significance of the terms in the model relative to the raw, univariate tests and changes between raw, univariate proportions in the categories of explanatory factors and the real-scale estimates from the models.





RESULTS


Effort and Observations

A total of 139 6-day survey periods (Sunday to Friday) were conducted in the Hervey Bay study area (Figure 1 above) between 1992 and 2005. Data on pods were obtained on 770 of the planned 834 survey days. Total survey time was 6,160 h and observations of humpback whale pods were conducted for a total of 2,760 h.



Data Set

Data were collected on 4,506 pods (see Supplementary Appendix Data Sheet 1), 1,022 (22.7%) of which were pods that associated while under observation, involving associations of from 2 to 5 pods, becoming 465 newly associated pods (Supplementary Appendix Table 1), and 3,484 (77.3%), which were pods that did not associate while under observation, making a total of 3,949 pods used in the analyses (see Table 1 below and Supplementary Appendix Table 3).


TABLE 1. Number of pods, week within year by pods (n), newly associated pods (NAP), non-agonistic pods (NP), the subset of pods used in analysis of non-agonistic social behaviour (Subset a), competitive pods (CP), the subset of pods used in analysis of agonistic competitive social behaviour (Subset b).
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Associations and Disassociations of Pods

Newly associated pods, formed by the consecutive or simultaneous association of up to five pods during the period of observation, with calves present versus those without calves present are reported in Supplementary Appendix Table 1.

Of the 465 newly associated pods, 295 (63.4%) contained no calf, and 170 (36.6%) contained one or more calves. Of the newly associated pods, 368 (79.1%) were formed from the association of two pods (of one or more whales each), 85 (18.3%) from the association of three pods, 10 (2.2%) from the association of four pods and two (0.4%) from the association of five pods. Of the newly associated pods, 341 (73.3%) were consecutive associations and 124 (26.7%) were simultaneous associations. Disassociations were recorded in 171 (36.8%) of the newly associated pods, but not used in analyses.



Non-agonistic Pods, Competitive Pods, and Other Behaviour Pods


Duration of Observation

The duration of observations of competitive pods, non-agonistic pods and other behaviour pods are reported in Supplementary Appendix Table 2. Competitive pods were observed for 0.07–2.50 h (median = 0.73 h, mean = 0.91 h, SD = 0.46 h, n = 216), non-agonistic pods for 0.05–5.07 h (median = 0.73 h, mean = 0.85 h, SD = 0.55 h, n = 432), and other behaviour pods for 0.02–3.72 h (median = 0.43 h, mean = 0.56 h, SD = 0.46 h, n = 3268). Observation durations of pods that did not associate while under study (PDNA, Supplementary Appendix Table 3) ranged from 0.02 to 3.72 h (median = 0.45 h, mean = 0.56 h, SD = 0.48 h, n = 3,484), and for newly associated pods (NAP, Supplementary Appendix Table 3) ranged from 0.02 to 5.07 h (median = 0.83 h, mean = 0.97 h, SD = 0.58 h, n = 465).



Frequencies, Proportions and Pod Sizes

The frequencies, proportions and pod sizes of non-agonistic pods, competitive pods, and other behaviour pods are reported for all pods, non-calf pods, pods containing one or more calves, and by newly associated pods and pods that did not associate (Supplementary Appendix Table 3). The pod data by week within season used in analyses and modelling is presented in Table 1 above.



Avoidance and Repulsion Behaviour

There were instances in the “other behaviour pods” category (Supplementary Appendix Table 2) of agonistic behaviour that did not meet the definitions of a competitive pod. In 28 pods (0.71% of 3,949 pods), a mother actively repulsed or avoided the advances of a single escort (for description of these behaviours see Pack et al., 2002). All except one of these pods were trios, consisting of mother-calf and escort; the other pod was a mother in the company of two small calves repulsing an agonistic aggressive approach by a single escort. Between 1992 and 2005 there were only two sightings of a mother with two calves in Hervey Bay (Franklin et al., 2011). Of the 28 pods, 22 (78.6%) involved a mother avoiding the agonistic advances of a single escort and 6 pods (21.4%) involved her actively repulsing the agonistic advances of a single escort.



Non-agonistic Pods and Competitive Pods Within Season

The number of all observed pods, newly associated pods, non-agonistic pods and competitive pods are reported by week within season in Table 1.



Statistical Analysis and Modelling


Newly Associated Pods

The proportion of newly associated pods in Hervey Bay varied from 5.0 to 14.4% over the years, and from 16.9% to 7.2% over the weeks within year (Figures 3A,B, respectively). Although there was no systematic pattern to the variation over years, the proportion of newly associated pods over weeks within year was significantly greater in August compared to September and October (15.0%, 9.8%; Fisher’s exact test, P < 0.001).
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FIGURE 3. Observed proportions: (A) newly associated pods by year, (B) newly associated pods by week within year, (C) pods by number of whales in pods for newly associated pods (NAP) and pods that did not associate while under observation (PDNA).


Newly associated pods on average, as expected, were significantly larger than pods that did not associate with other whales while under observation (Mann–Whitney test, P < 0.001). Newly associated pods ranged in size from 2 to 14 whales (mode = 4, median = 5, mean = 4.9, SD = 1.85, n = 465) while pods that did not associate with other whales while under observation, ranged from 1 to 9 whales (mode = 2, median = 2, mean = 2.3, SD = 0.98, n = 3,484) (Figure 3C and Supplementary Appendix Table 3).

The proportion of pods with calves present increased rapidly from the last week in August, to the end of the season in mid-October (3.6–92.8%, Franklin et al., 2011). Pods that included a calf were less likely to associate than pods that did not include a calf (9.9%: 13.2%, χ2 = 10.57, df = 1, P < 0.001). However, when pods that included a calf did associate, they were more likely to associate with pods that also included a calf, than with pods that did not include a calf (70.4%: 29.6%; χ2 = 16.33, df = 1, P < 0.001).



Non-agonistic Pods

As non-agonistic pods and newly associated pods were closely related (see results below), the following analyses were conducted on the dataset in Table 1, which includes the data on newly associated pods and pods that did not associate while under observation. Of the 3,949 pods in the data set, 2,287 [57.9%, Subset (a), Table 1] included at least 2 whales (excluding a mother alone with her calf), and it was this subset that was analysed.

Non-agonistic social behaviour was observed in 465 (20.3%) of the 2,287 pods. Non-agonistic social behaviour in pods was:

1. Observed with greater frequency in newly associated pods (139/435 = 32.0%) than in pods that did not associate (326/1,852 = 17.6%), (χ2 = 44.79, df = 1, P < 0.001);

2. Significantly variable over years (χ2 = 44.79, df = 13, P < 0.001);

3. Observed significantly more often in pods with no calf present (421/1,759 = 23.9%) than in pods with a calf or calves present (44/528 = 8.3%) (χ2 = 61.02, df = 1, P < 0.001);

4. Observed to significantly increase in frequency with the number of whales in the pod (excluding calves) (176/1,319 = 13.3%, 125/446 = 28.0%, 76/276 = 27.5%, 88/246 = 35.8% in pods with 2, 3, 4, and 5+ whales, respectively, χ2 = 101.12, df = 3, P < 0.001);

5. Significantly variable by week within year (χ2 = 104.88, df = 9, P < 0.001).

However, these univariate effects were not independent. Consequently, a binary logistic regression model was fitted to assess the joint effects of newly associated pods (yes, no), presence of calf (present, not present), year, week within year and number of whales (excluding calves) (2, 3, 4, 5+) on the probability of observing non-agonistic social behaviour.

The five main effects were fitted as a block, which accounted for a significant proportion of variation (Likelihood ration χ2 = 321.41, df = 27, P < 0.001; AIC = 1217.846). None of the five predictors was redundant (All p ≤ 0.004). Adding the two-way interaction effects individually to the model showed that only the newly associated pods by number of whales in the pod interaction effect was significant (p < 0.05).

The selected model included the five main effects and the newly associated pods by number of whales (excluding calves) interaction effect (Likelihood ratio χ2 = 334.59, df = 30, P < 0.001; AIC = 1210.661).

Goodness of fit was assessed as the ratio of the deviance to its degrees of freedom, which indicated significant deviation of the data from the binomial model (Deviance/df = 1.110, Chi squared p = 0.021). The significance of this, however, is largely a consequence of a very large number of degrees of freedom and adjustment of residual variances would not affect which variables were significant (p < 0.05) in the model. Bootstrapped estimates (2000 iterations) were obtained to check on this and their standard errors were found to be substantially unaffected. Moreover, Wedderburn (1974) provides theoretical considerations to justify the usual MLEs (Maximum Likelihood Estimations) as (asymptotically) optimal point estimators of the model parameters, even when there is overdispersion in the data. Given these considerations, the MLE estimates are reported here.

The only redundant effect (p > 0.163) was for the number of whales in the pod. This variable participates in the newly associated pods by number of whales (excluding calves) interaction effect and must be included in the model although it would not be independently interpreted. It is not unexpected that main effects underlying an interaction effect may be non-significant. That all main effects other than the number of whales in the pod remained significant (all p < 0.001) indicates that such multicollinearity as may be present among the explanatory variables does not deprive any of them from making an important contribution to the model. Moreover, the estimated proportions in the categories of each explanatory variable from the model and the raw percentages reported above correspond reasonably well indicating that multicollinearity has not strongly or adversely affected interpretation of the effects (see Figure 4 below).
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FIGURE 4. Estimated probabilities of observing non-agonistic social behaviour: (A) by year; (B) by week within year; (C) by number of whales (excluding calves), in newly associated pods (No, Yes).


The parameter estimates (logistic scale) and their standard errors are not reported. The parameter estimates were used to calculate the estimated probabilities of observing non-agonistic social behaviour by the factors in the model.

The estimated probability of observing non-agonistic social behaviour by year, week within year and by number of whales (excluding calves), in newly associated pods (No, Yes) are plotted in Figure 4.

The variation over years in the probability of observing non-agonistic social behaviour (Figure 4A) includes a rapid decline over the period 1992–1995 followed by a sudden increase in 1996. This was followed by a decline to 2001 and an increase after that to 2005.

The probability of observing non-agonistic social behaviour was highest during the first 4 weeks of the season (August) and declined rapidly from week 5 (Figure 4B). Although the effect of the presence of a calf in a pod is not shown in Figures 4A–C, there was a significant main effect in the model with the rate of occurrence of non-agonistic social behaviour being significantly lower in pods that included calves (8.3% with calves, 23.9% without calves, see Supplementary Appendix Table 3). That the presence of calf and week within year effects were significant in the model indicates that the calf effect is not simply due to the rapidly increasing proportion of pods that included calves later in the season (3.6% in late August to 92.8% by mid-October, Franklin et al., 2011). This indicates that the calf effect is over and above the decline in the rate of non-agonistic social behaviour shown in Figure 4B.

The probability of observing non-agonistic social behaviour increased with the number of whales (excluding calves) in the pod and was higher for pods of two whales (excluding calves) that were newly associated, than for pods of two whales that did not associate while under observation (Figure 4C). This difference largely accounts for the pod size effect. Thus, the effect of newly associated pods is largely confined to the difference between newly associated pods of two (two singletons associating) rather than newly associated pods of larger size.



Competitive Pods

As competitive pods and newly associated pods were closely related (see results below), the following analyses were conducted on the data set in Table 1, which included the data on newly associated pods and pods that did not associate while under observation. Of the 3,949 pods in the data set, 940 [23.8%, Subset (b), Table 1] were pods that included at least three whales, of which at least two were non-mothers; it is this subset that was analysed. Competitive behaviour was observed in 249 (26.5%) of these 940 pods.

The factors; newly associated pod, year, presence of calf, number of whales in pod (excluding calves), and week within year were each assessed for effects on the probability of observing competitive social behaviour. Competitive social behaviour in pods was:

1. Observed in a greater proportion of newly associated pods (140/376 = 37.2%) than in pods that did not associate while under observation (109/564 = 19.3%) (χ2 = 37.15, df = 1, P < 0.001);

2. Not significantly variable over years (χ2 = 13.55, df = 13, P = 0.406);

3. Significantly more frequent in pods with calves present (87/191 = 45.5%) than in pods with no calf or calves present (162/749 = 21.6%), (χ2 = 44.72, df = 1, P < 0.001);

4. Observed to significantly increase in frequency with the number of whales in the pod (excluding calves) (70/425 = 16.5%, 72/270 = 26.7%, and 107/245 = 43.7% for 3, 4, and 5+ whales, respectively, χ2 = 59.07, df = 2, P < 0.001);

5. Observed to significantly increase in frequency over weeks within year (from ∼12 to ∼45%), χ2 = 65.66, df = 9, P < 0.001).

However, these univariate effects were not independent. Consequently, a binary logistic regression model was fitted to assess the joint effects of newly associated pods (yes, no), presence of calf (present, not present), number of whales (excluding calves) (3, 4, 5+), and week within year (1, 2, …, 10) on the probability of observing competitive social behaviour.

Together the four main effects accounted for a significant proportion of variation in the rate of observation of competitive pods (Likelihood ratio χ2 = 137.23, df = 13, P < 0.001). However, the marginal Wald tests showed the calf effect to be non-significant in the context of the other effects (Wald Chi squared = 2.993, df = 1, P = 0.084). The non-significance of the calf effect was largely due to the strength of the association between the increasing proportion of calf pods and week within season. The presence of calf effect was removed from the model at this point.

An attempt to fit interaction effects required considerable collapsing of categories and failed to produce useful results. Consequently, the selected model included only the three main effects for newly associated pods, number of whales (excluding calves) and week within year (Likelihood ratio χ2 = 134.26, df = 12, P < 0.001; AIC = 230.72). Goodness of fit was assessed as the ratio of the deviance to its degrees of freedom, which indicated no significant deviation of the data from the binomial model (Deviance/df = 1.103, Chi squared p = 0.290).

The parameter estimates (logistic scale) and their standard errors are not reported. The parameter estimates were used to calculate the estimated probabilities of observing competitive social behaviour by the explanatory factor levels.

Removal of the presence of calf from the model removed the most obvious cause of multicollinearity. All effects remaining in the model were significant (p ≤ 0.004) and the estimated proportions in the categories of each explanatory variable from the model and the raw percentages reported above correspond reasonably well indicating that multicollinearity has not strongly or adversely affected interpretation of the effects (see Figure 5 below).
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FIGURE 5. Estimated probabilities of observing competitive social behaviour: (A) by newly associated pods (No, Yes); (B) by number of whales (excluding calves); and (C) by week within year.


The mean probabilities of observing competitive social behaviour by newly associated pods (yes, no), number of whales (excluding calves) (3, 4, 5+) and for week within year are plotted in Figure 5.

That the effects of increasing pod size and newly associated pods are jointly significant indicates that the rate of competitive social behaviour is greater in newly associated pods than in pods that did not associate and is not simply a function of the increase in pod size following the formation of a newly associated pod. As shown in Figure 5B, larger pods were more likely to be competitive, with a larger increase in the frequency of competitive social behaviour between 4 and 5+ whales than between 3 and 4 whales. However, as shown in Figure 5A, if those pods have just associated, there is an approximately 11% increase in the frequency of competitive social behaviour compared to (i.e., over and above) pods of the same sizes that did not associate while under observation.

The calf effect was likely non-significant in the context of the other effects because the presence of calf and week within year were very strongly associated (χ2 = 349.76, df = 9, P < 0.001).






DISCUSSION

Our results provide the first systematic seasonal study of non-agonistic social behaviour and agonistic competitive social behaviour in humpback whale pods in a site-specific female-biassed stopover along the southern migratory route from the eastern Australian breeding grounds. Behaviour in Hervey Bay is related to maternally directed philopatry, pod associations and the occurrence and timing of classes of humpback whales using the Bay. There are important differences and similarities with humpback whale behaviour in Hervey Bay compared with behaviour reported in Northern Hemisphere breeding grounds and feeding areas (see review in Clapham, 2000), and along some migratory corridors in the Southern Hemisphere.

A major contrast in humpback behaviour presented in this study, compared to reports of female avoidance from traditional breeding grounds and feeding areas (Clapham, 2000), is that mature females in Hervey Bay, non-lactating and lactating, are involved in multiple non-agonistic pod associations and complex social interactions with immature males and females and new season’s calves. The results presented in this study indicate that non-agonistic social behaviour may be more prevalent in humpback whale social organisation than previously reported (see Darling et al., 2006).


Differences and Similarities Between the Behaviour and the Social Interactions of Humpback Whales in Hervey Bay Compared to Northern Hemisphere Breeding and Feeding Grounds

Hervey Bay is neither a breeding nor a feeding ground, but a stopover early in the southern migration (Franklin et al., 2018), after humpback whales leave the putative breeding grounds north of Hervey Bay (Simmons and Marsh, 1986; Paterson, 1991; Chaloupka and Osmond, 1999; Smith et al., 2012). Burns et al. (2014) reported that eastern Australian humpback whales spend an average of 4 weeks in the breeding grounds, and the peak-breeding month in eastern Australia is August (Chittleborough, 1965). Calves are rarely seen in Hervey Bay during August (Franklin et al., 2011). Consequently, the calves entering Hervey Bay during September and October are likely to be larger, older and more robust than calves occurring in the breeding grounds and likely to be aged anywhere from 4 to 12 weeks.

It has been suggested that in feeding and breeding grounds a rarity of female-female associations may reflect avoidance and/or competition between females (Clapham, 2000). Furthermore, in the Hawaiian breeding ground mother-calf pods actively avoid encounters with other mother-calf pairs (Darling, 2001) and the modal size for pods having a calf present was three, mother-calf and escort (Herman and Antinoja, 1977; Herman et al., 1980, 2011; Glockner and Venus, 1983; Mobley and Herman, 1985). In Hervey Bay the modal size for pods was two, because of the significantly higher proportion of mothers alone with their calf (Franklin et al., 2011). In contrast to the above reports of female and mother-calf avoidance in feeding areas and breeding grounds, when pods that included a calf did associate in Hervey Bay, they were significantly more likely to associate with pods in which one or more mother-calf pairs were present than with pods not containing mother-calf pairs. Approximately 64% of “Other Behaviour” pods were mothers alone with their calves, while 29% involved associations of from two to seven mother-calf pods (see Supplementary Appendix Table 3).

The typical behaviour in these multiple mother-calf pod associations, usually involved highly surface-active calves, socially interacting with each other and with mothers carefully keeping the calves apart and possibly avoiding injury during these social interactions (Franklin, 2012). Moreover, last season’s calves and mature females were often involved in these multiple mother-calf pod associations (Franklin, 2012), with mothers constantly engaged in ensuring the safety of the calves by maintaining separation amongst calves during these extended social interactions. Calf surface activity involves early social opportunities and experience for older calves. The largest association of mother-calf pods observed in Hervey Bay consisted of seven mother-calf pairs, involving fourteen individual whales in which, all calves were involved in surface-active behaviours and ongoing social interactions. We suggest that the opportunity for multiple mother-calf pod associations and social interactions among those mother-calf pods, occurring in Hervey Bay during September and October, may contribute to preparing the calves for their return journey to join the cohort of new-seasons yearlings in Hervey Bay during August the following year.

It is well established that the association between a new calf and its mother endures for most, if not all, of the first year of the calf’s life (Clapham, 2000), and that calves learn from their mothers the migratory routes which will take them each season between breeding and feeding grounds (Baker and Herman, 1984a; Clapham, 2000; Franklin et al., 2018). Clapham (1993) reported that mothers spend 77% of their time alone with their calves in the feeding grounds, as the calves complete the weaning process to independent feeding. Similarly, during the stopover in Hervey Bay, prior to leaving for Antarctic feeding grounds, lactating females spend 69% of their time alone with their calves nursing, resting and engaging their offspring in surface behaviours (Franklin et al., 2011), the latter of which may assist in the development of muscular myoglobin (Cartwright et al., 2016).

Weinrich and Kuhlberg (1991) reported stable social associations among female humpback whales feeding in the southern Gulf of Maine and hypothesised that stable associations allow adult females to maximise their net energy gain through cooperative feeding. The structure of the annual migration with mature, resting and early pregnant, females leading the migration south from the breeding grounds, co-temporal with immature males and females and then lactating females with new calves being the last cohort to move south has been shown to be a constant feature of the social organisation of humpback whales (Dawbin, 1966, 1997; Franklin et al., 2018). As reported in this study, when mother-calf pods in Hervey Bay do associate, they are significantly more likely to associate with other mother-calf pods. We suggest that the behaviour of mature females in Hervey Bay involves cooperative social interactions with immature whales during August to maximise social development (Franklin, 2012) and as well, cooperative behaviour through separation among lactating females, during September and October (69% alone with calf, Franklin et al., 2011) which, may minimise the energetics of lactation (Lockyer, 1981, 1984).

In contrast to reports of female avoidance from breeding and feeding grounds in the Northern Hemisphere, when mature non-lactating and lactating females were observed interacting with each other during the Hervey Bay stopover, they were involved in non-agonistic social interactions and multiple pod associations. Overall, mature females in Hervey Bay are involved in non-agonistic cooperative social interactions.



Differences and Similarities Between the Behaviour and Social Interactions of Humpback Whales in Hervey Bay Compared to Other Site-Specific Migratory Corridor Locations

Baker et al. (1990) reported a marked segregation of mitochondrial DNA haplotypes among subpopulations of humpback whales on different feeding and wintering grounds and interpreted this segregation to be the consequence of maternally directed fidelity to migratory breeding and feeding destinations. Photo-identification of individual humpback whales over long periods of time has documented maternally directed fidelity to feeding destinations (Martin et al., 1984; Clapham and Mayo, 1987; Katona and Beard, 1990; Clapham et al., 1993; Palsbøll et al., 1997).

In the Southern Hemisphere, humpback whales predominantly migrate along the extensive continental coastlines and nearshore islands of eastern and western Australia, Africa, and South America, en route to and from tropical breeding grounds (Chittleborough, 1965; Dawbin, 1966, 1997). Franklin et al. (2018) reported that the site-specific female-biassed sex ratio occurring in Hervey Bay (25°S) involved female philopatry and high levels of survival and site fidelity, of all classes of humpback whales using Hervey Bay. They suggested that Hervey Bay was a socially and ecologically important habitat for mature females, accompanying and socially interacting with immature males and females in August and lactating females with older calves involved in maternal and social activities during September and October. The behaviour in Hervey Bay reported in this study is consistent with previous observations of the occurrence and timing of classes of humpback whales using Hervey Bay as a stopover early in the southern migration.

Several studies have reported site-specific behaviour along Southern Hemisphere coastal migratory corridors, including resting, nursing and early feeding locations. In contrast to Hervey Bay, Brown et al. (1995) reported a male-biassed sex ratio in the migratory corridor off Stradbroke Island, southeast Queensland (27°S), Australia, during the northern and southern winter migration. Brown and Corkeron (1995) investigated pod size on the northern migration from late-May to mid-August and reported that most pods travel north in pods of one to two whales with pod sizes ranging up to nine whales. Whereas in Hervey Bay on the southern migration, pod size range between two and fourteen whales, with the larger average pod sizes reflecting the high rates of pod associations in the Bay. Overall, 12.7% of pods biopsied off Stradbroke were classified as competitive (Brown and Corkeron, 1995), almost double the 6.3% of competitive pods observed in Hervey Bay. Furthermore, Brown and Corkeron (1995) reported that during the southern migration the social relationship between most males was characterised by non-agonistic and occasionally cooperative interactions. Franklin et al. (2018) suggested that habitat preferences and differential migration of females and males provides a plausible explanation for site-specific sex-bias in breeding grounds, migratory stopovers, and along migratory corridors.

The only other female-biassed sex ratio reported in a migratory corridor, other than Hervey Bay, was in an early feeding area off the southwestern coast of Africa (33°S), (Barendse et al., 2010). Barendse et al. (2013) also reported a female-dominated presence in the same area including non-nursing (possibly pregnant) females and yearlings, which suggested female-derived site fidelity, likely involving culturally transferred fidelity to a feeding area.

Meynecke et al. (2013) studied humpback whales using the Gold Coast Bay, southeast Queensland (28°S) as a temporary stopover during the northern and southern migration and reported resting behaviour during the southern migration. They reported similar patterns in pod sizes and timing of classes of whales during the southern migration to those recorded in Hervey Bay in this study. Consistent with Hervey Bay data, sightings of mothers with calves were highest in October with fewer sightings in August and September. Bruce et al. (2014) investigated the spatial use of Jervis Bay (35°S) off the coast of southern NSW by humpback whales during the late-2000s. They suggested that, associated with increases in the population, calf and non-calf pods were using Jervis Bay as a resting area with mother-calf pods preferring shallower waters.

Site-specific early feeding locations early in the southern migration have been reported within the migratory corridor off eastern Australia at Cape Morton, southeastern Queensland (27°S, Stockin and Burgess, 2005), Eden, off the coast of southern NSW (37°S, Stamation et al., 2007; Owen et al., 2015), and off the eastern coast of Tasmania (43°S, Gill et al., 1998). Garrigue et al. (2015) investigated the migratory movement of humpback whales in the southern waters of New Caledonia using satellite-monitored tags deployed between 21°S and 23°S. In contrast to Hervey Bay, they suggested that seamounts probably serve multiple and important roles as breeding locations, resting areas, navigational landmarks or even supplemental feeding grounds [also see MacKay et al. (2016) and Derville et al. (2020) for reports on use of seamounts by humpback whales]. Together these data suggest that site-specific stopover habitats in the Southern Hemisphere migratory corridors along the extensive coastlines of eastern and western Australia, South Africa, and South America; may enhance reproductive success (e.g., see Franklin, 2014; Noad et al., 2019) and therefore recovery of humpback whale populations using these habitats. Moreover, observed behaviour at these site-specific locations will be related to the occurrence and timing of classes of humpback whales using these locations.



Pod Associations and Non-agonistic Behaviour in August

While there was no systematic pattern in the frequency of newly associated pods over years in Hervey Bay, the rate of formation of newly associated pods within season was significantly higher during August compared to September and October (see Figures 3A,B). This result, together with the significant differences in pod characteristics and composition within season reported in Franklin et al. (2011), confirm that there are differences in the maturational and reproductive classes of humpback whales present in Hervey Bay in August compared to September and October (also see Franklin et al., 2018).

In Hervey Bay, 52% of singleton pods occurred in August when calves were rarely seen and 69% of 3 and 4+ larger pods with no calves present also occurred in August (Franklin et al., 2011). Overall, in Hervey Bay singletons and pairs predominated in the formation of newly associated pods (Supplementary Appendix Table 1). The social interactions occurring among singletons, involved in non-agonistic social behaviour in August, is reflected in the markedly higher probability of observing two singletons forming pairs in newly associated pods (Figure 3C). Consequently, the presence of socially active immature males and females, involved in increasing social interactions with each other and with mature females (e.g., see Franklin, 2012; Franklin et al., 2018) are likely to contribute to the higher rate of newly associated pods and the occurrence of non-agonistic pods during August.

There was significant variability in the occurrence of non-agonistic social behaviour over years and within season (see Figure 4 above). Franklin et al. (2011) reported a significant increase in pods with 3+ whales over years in Hervey Bay. They suggested that as the population increased, larger groups became more common and were likely to have generated a skewed distribution in the population toward younger whales. Therefore, the variability of non-agonistic social behaviour over years may be related to the relative proportions of age, sex, reproductive and maturational classes of humpback whales entering Hervey Bay in any given year.

Franklin (2012) reported the social interactions of known-age individuals from calves to maturity and the complex social interactions between immature males and females, with non-lactating and lactating mature females. Pack et al. (2012) found that many male-female dyads were comprised of immature whales and suggested that these pairings were important for social learning and development. The social behaviour of mature females and immature males and females is reflected in the higher frequency of non-agonistic pods in newly associated pods and as pod size increases during August.

The probability of observing non-agonistic social behaviour increased with the number of whales in the pod (Figure 3C). Franklin et al. (2011) suggested that because whales enter and leave Hervey Bay from the north, the density and movements of whales increased the likelihood of interactions among pods, contributing to the formation of larger pods or to the probability of encountering recently aggregated pods. Consequently, the higher levels of non-agonistic social behaviour pods observed during August is related to pod associations and the complex social interactions occurring among immature males and females and mature females (Franklin, 2012).

Average residency of humpback whales in Hervey Bay is from 1.5 to 2 weeks (Franklin, 2014). Hervey Bay offers mature females an important habitat for social activity conducive to social development (Franklin, 2012; Franklin et al., 2018), and for physical development of immature male and female whales and calves (Cartwright et al., 2016). We suggest that Hervey Bay is an area of aggregation early in the southern migration, for mature females travelling with the new season’s yearlings and the immature cohort during August.



Competitive Behaviour and Males Maximising Mating Opportunities

Only a low proportion of pods in Hervey Bay were involved in agonistic competitive behaviour. The probability of observing competitive pods in Hervey Bay was at its lowest during August and increased significantly throughout the season. Franklin et al. (2011) reported that pod characteristics early in the season in Hervey Bay were consistent with the presence of immature males and females, while Franklin et al. (2018) confirmed that mature, resting or early pregnant, females use Hervey Bay during August, co-temporal with immature male and female humpback whales with few mature males present. The absence of mature males relative to mature and immature females in August may contribute to the observed lower levels of competitive pods during August.

Although the probability of observing competitive pods was highest from mid-September onward, the number of pods available to engage in competitive behaviour was relatively small, as most pods were composed of mothers alone with their calves (Franklin et al., 2011). Chittleborough (1958, 1965) reported that post-partum oestrous may occur in a minority of cases and this would likely occur 1 month after parturition, and that August is the peak-birthing month. However, mothers with calves are rarely present in Hervey Bay during August and begin moving into the bay with older calves in early September (Franklin et al., 2011, 2018). Consequently, the occurrence of competitive pods from September onward in Hervey Bay, is likely to be related to some males seeking to maximise mating opportunities due to the presence of potentially oestrous mature, and the possibility of post-partum oestrous lactating females (e.g., see Franklin et al., 2018; Pallin et al., 2018). Baker and Herman (1984a) and Craig et al. (2002) reported increased competitive activity of males toward females with a calf at the end of the season in the Hawaiian breeding grounds, related to the declining numbers of non-lactating oestrous females. Consequently, the potential decline in availability of non-lactating oestrous females in Hervey Bay as the season progresses, may be a major factor influencing male behaviour leading to an increased rate of occurrence of competitive pods involving mother-calf pairs toward the end of the season.

Craig et al. (2014) reported that females with calves in the Hawaiian breeding grounds favoured shallow waters to avoid energetically costly male harassment. Overall, few mature male humpback whales use Hervey Bay (Franklin et al., 2018), and the relatively shallow waters of Hervey Bay (Ribbe, 2014) may be beneficial in minimising harassment of mature females from mature males prospecting for mating opportunities among mature females.

It has been reported that the reproductive success of long-lived mammals occurs over many breeding seasons and individual male humpback whales may behave to maximise their reproductive success over a lifetime (Clapham, 1996; Boness et al., 2002). Although Hervey Bay is south of the presumed breeding ground of eastern Australian humpback whales (Simmons and Marsh, 1986; Paterson, 1991; Chaloupka and Osmond, 1999; Smith et al., 2012), it is a habitat where predictable aggregations of females occur (Franklin et al., 2011, 2018). The proportion of competitive pods in Hervey Bay compared to other pod types was low (i.e., 6.3% of pods). However, the presence of some escorting behaviour combined with the occurrence of singing day and night (Mark Francis Franklin, unpublished data) indicates that some mature males are prospecting for mating opportunities in Hervey Bay with late, or post-partum, ovulating females.



Relative Proportions of Non-agonistic and Agonistic Behaviour

Competitive group behaviour has been well documented in the Northern Hemisphere predominantly in breeding grounds (Darling et al., 1983; Tyack and Whitehead, 1983; Baker and Herman, 1984b; Clapham et al., 1992; Clapham, 2000) and within a migratory corridor in the Southern Hemisphere (Brown and Corkeron, 1995). Darling et al. (2006) noted that competitive behaviour is more conspicuous than cooperative relationships, which are more difficult to identify and confirm. Non-agonistic and cooperative behaviour has been reported in various earlier studies (Herman and Antinoja, 1977; Tyack and Whitehead, 1983; Clapham et al., 1992; Brown and Corkeron, 1995). Darling et al. (2006) suggested that non-agonistic behaviour may be more prevalent in humpback whale interactions than has previously been reported, and that while competitive and non-agonistic relations do occur, the relative proportion of each type of behaviour in a humpback population is not known.

This current study provides a measure of the relative proportion of agonistic competitive behaviour and non-agonistic behaviour of humpback whales within season, in a preferential female stopover in Hervey Bay. Overall, agonistic behaviour (7.0%) occurred in competitive groups (6.3%), with only a very small proportion of repulsion or avoidance behaviour by mothers toward escorts (0.7%) occurring outside of competitive groups. However, it is important to note that 82.8% of pods in Hervey Bay were “other behaviour” pods, of which a third (1107 of 3268, 33.9% of pods; see Supplementary Appendix Table 3) were mothers alone with their calf, involved in non-agonistic social behaviour. Consequently, the results of this study substantiate that non-agonistic social behaviour may be more prevalent than aggressive agonistic social behaviour in site-specific locations and habitats, depending upon the classes and timing of humpback whales using such locations and habitats.
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Week Pods(n) NAP NP Subset(a) % CP Subset(b)® %

1 315 43 83 256 112 14 106 11.2
2 380 57 84 305 133 19 136 14.5
3 391 56 81 322 141 33 139 14.8
4 403 68 87 319 139 33 160 17.0
5 416 41 51 275 120 23 99 10.5
6 391 40 25 220 96 33 89 95
7 450 49 21 203 89 30 74 7.9
8 444 46 15 169 74 32 64 6.8
9 411 40 13 130 57 21 49 5.2
10 348 25 5 88 38 11 25 27
Total 3,949  465° 465° 2,287 100 249 940 100
% 100 11.78 11.78  57.91 6.31 23.80

1Subset (a): pods that included at least 2 whales (excluding a mother alone with
her calf) (see NP definition above). This subset was used in the analysis of non-
agonistic social behaviour.

2Subset (b): pods that included at least 3 whales of which at least 2 were non-
mothers (see CP definition above). This subset was used in the analysis of agonistic
competitive social behaviour.

3That the totals in newly associated pods (NAP) and non-agonistic pods (NP) are
the same is a coincidence, these are discrete results. Note: the pods exhibiting NP
and CP behaviour may or may not be newly associated pods (NAP). This is dealt
with in analyses.
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