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Abstract In pinnipeds, maternal care strategies and colony density may influence a species’ individual recognition system. We examined the onset of vocal recognition of mothers by Australian sea lion pups (Neophoca cinerea). At 2 months of age, pups responded significantly more to the calls of their own mothers than alien female calls demonstrating a finely tuned recognition system. However, newborn pups did not respond differentially to the calls of their mother from alien female calls suggesting that vocal recognition had not yet developed or is not yet expressed. These findings are in stark contrast to other otariid species where pups learn their mother’s voice before their first separation. Variance in colony density, pup movements, and natal site fidelity may have reduced selective pressures on call recognition in young sea lions, or alternatively, another sensory system may be used for recognition in the early stage of life. Keywords Pinniped . Parent-offspring communication . Vocal recognition . Acoustic communication . Ontogeny . Australian sea lion
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Introduction Parent-offspring recognition is important in species where offspring survival and development is dependent on parental care, and there is potential for confusion between related and unrelated individuals. Individual recognition between parents and offspring can result in mutual benefits for both parties (Trivers 1974). Parents may increase their reproductive success by directing parental care and resources to offspring. However, parents will only benefit if those costly resources are directed exclusively to their own offspring and not to unrelated young (Beer 1970; Medvin et al. 1993). For offspring, the ability to recognise parents may significantly reduce energy expended in unsuccessful soliciting of food from unrelated individuals and reduce the risk of injury involved in approaching non-kin individuals. The importance of recognition is enhanced in species with long young attendance periods and when parents and offspring are likely to be separated due to foraging needs, high mobility, or crèches (Beer 1970; Terrazas et al. 2003). Individual recognition by pinnipeds (phocids, otariids, and odobenids) has been observed for many years (Insley et al. 2003). Anecdotal evidence of reunion behaviour in otariids (sea lions and fur seals) suggest that mothers and pups recognise each other primarily using a combination of vocal and olfactory cues and using visual and spatial cues to assist in localisation (Bartholomew 1959; Marlow 1975; Peterson and Bartholomew 1969; Stirling 1970, 1972; Trillmich 1981). However, few studies have quantitatively examined mother-pup reunion behaviour (e.g., Dobson and Jouventin 2003; Gisiner and Schusterman 1991; Insley 2001; Phillips 2003) or experimentally tested mother-pup recognition in pinnipeds (see Insley et al. 2003). Motheroffspring recognition is likely to be favoured in those species of pinnipeds, particularly the otariids, which come
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ashore to breed and form colonies (Charrier and Harcourt 2006). Typically, in otariids, females will exclusively feed their own offspring (reviewed in Stirling 1975) and are highly aggressive to, and may even kill, non-kin pups (Gales et al. 1994; Harcourt 1992a, b). To be effective, recognition must be in place and expressed before the mother and the pup are separated. This is particularly the case in otariids where females regularly leave the colony to forage at sea. Development of the mother’s ability to recognise her pup’s call is hypothesised to be very rapid, probably developing within 24 h of birth (Insley et al. 2003), although this has not yet been experimentally examined. However, the ontogeny of the pup’s recognition abilities appears to be slower. Playback experiments have shown that both Galapagos fur seals (Arctocephalus galapagoensis) and Galapagos sea lions (Zalophus wollebaeki) are capable of differentiating their mothers’ call from that of a strange female at 10 days of age (Trillmich 1981), while subantarctic fur seal pups (Arctocephalus tropicalis) develop recognition between 2 and 5 days postpartum (Charrier et al. 2001). Further, subantarctic fur seal mothers appear to delay their departure for the first foraging trip until the pup has the ability to recognise her voice (Charrier et al. 2001). It is likely that the ecology of a species influences its recognition system. Although current evidence is limited, it appears that recognition through the vocal/auditory sensory mode is generally better developed in otariids than in phocids (reviewed in Insley et al. 2003), this division being due to differences in reproductive strategies. Otariids are ‘income’ breeders, regularly leaving their pups to forage during lactation, while phocids are typically ‘capital’ breeders, mostly fasting during lactation and remaining close to their pups until weaning. In addition, otariids have longer periods of maternal care and, with the exception of elephant seals (Mirounga spp.), breed in denser aggregations than phocids (Boness et al. 2002; Insley et al. 2003). This is likely to result in a more difficult recognition task for otariids than phocids. While it has not yet been experimentally examined, it is also likely that within the otariids, there is variability in the refinement of vocal recognition systems across species as colony density and reproductive strategies vary. The Australian sea lion (Neophoca cinerea) is an endemic Australian otariid, occurring along the southern and southwestern coasts of mainland Australia (Dennis and Shaughnessy 1996, 1999; Gales et al. 1994; Shaughnessy et al. 2005). Australian sea lions have a breeding biology that is unique among pinnipeds and may facilitate strong individual recognition. Across its range, the Australian sea lion exhibits a 17.6-month breeding cycle (Higgins 1993). This is in contrast to most large mammals that exhibit an annual breeding cycle associated with seasonal changes



(Gales et al. 1994). The pupping season lasts for approximately 5 months (Gales et al. 1992; Higgins 1993), longer in some colonies (Ling and Walker 1976), and is considerably longer than that of other otariids (King 1983). Further, the breeding cycle is asynchronous between colonies with the pupping season of individual colonies occurring at various times of the year (Gales et al. 1992). Australian sea lions exhibit a perinatal attendance period of 10–14 days, during which the mother will fast in the colony while suckling her young (Higgins 1990; Marlow 1975), followed by a 15 to 18-month lactation period, after which most females give birth to their next pup (Higgins 1990). Female Australian sea lions alternate between time spent at sea foraging (2–4 days) and time spent ashore feeding their pup (1–2 days) throughout lactation (Higgins 1990). This pressure for a strong recognition mechanism is increased by the movement of pups throughout the colony, often changing suckling location (Marlow 1975), and because females are highly aggressive toward non-kin young (Gales et al. 1994). Observations suggest that female Australian sea lions use vocalisations and smell to relocate and recognise their pups when returning to the colony after foraging (Stirling 1972). However, mother-pup reunions have been observed to occur without any vocal production, with females returning to the last suckling site and checking the pup by olfactory cues only. Investigation of mother and pup Australian sea lions has revealed that their vocalisations are sufficiently individually stereotyped to allow discrimination of individuals (Charrier and Harcourt 2006). Analysis showed that acoustic components such as fundamental frequency, energy spectrum, and amplitude and frequency modulations exhibited sufficient variation between individuals and stereotypy within individuals to potentially be used in mother-pup recognition (Charrier and Harcourt 2006). The aims of the present study were to (1) experimentally determine if Australian sea lion pups could identify their mother’s voice and (2) examine the development of vocal recognition during the perinatal attendance period.



Materials and methods Study location and animals This study was carried out on two populations of Australian sea lions (Fig. 1). The two colonies used in this study exhibit similar characteristics, both have similar population sizes/density and pup production (Goldsworthy et al. 2007), topography (most pups are born around rocky shelter), mothers exhibit similar maternal behaviour (Gales et al. 1994), and allo-suckling is extremely rare (Marlow 1975). Ten newborn pups were studied at Olive Island Conserva-



Naturwissenschaften Fig. 1 A map of Australia with a magnification of the South Australian coast showing the location of (a) Olive Island and (b) Seal Bay, Kangaroo Island



tion Park (32°43′S, 133°58′E), South Australia during September and October 2007. This colony consists of approximately 530 animals. Because newborns are too young to be tagged and are relatively sedentary during the perinatal period (Marlow 1975), they were identified by their birth location for the first 24–48 h and were then marked using hair dye (Clairol, Proctor & Gamble, Rydalmere, NSW, Australia) with an individual symbol. Two-month-old individuals were studied at Seal Bay Conservation Park on Kangaroo Island (35°41′S, 136°53′E), South Australia during March 2006. The colony is made up of approximately 700 animals. At approximately 2 months of age, most pups are injected with a unique passive integrated transponder tag (Allflex, Brisbane, QLD, Australia) by Seal Bay staff members as part of a long-term monitoring programme. In addition, the ten pups used in this study were also double-tagged in the web of the fore flippers with an individually numbered two-part plastic tag (Rototags, Dalton Supplies, UK). We chose to examine 2-month-old pups because they could be tagged for identification, and at this age, most pups are mobile,



moving about the colony while their mother is at sea (Gales et al. 1992; Marlow 1975), a behaviour that could affect mother-pup reunions. Recording procedure Female Australian sea lions produce both pup attraction calls and pup contact calls. Pup contact calls are typically short, low amplitude vocalisations given when in close association with the pup, often whilst suckling. By contrast, pup attraction calls are longer, louder vocalisations given when the mother is searching for the pup (Fig. 2). Only pup attraction calls were recorded from mothers and used for playback experiments in this study. Females in this study were not tagged, instead, because allo-suckling in this species is extremely rare (Marlow 1972, 1975), females and pups were assumed to be a pair when females were seen to nurse pups. At Seal Bay, calls were recorded from mothers who were searching for their pup, either after returning from foraging or after being separated in the colony. At Olive Island, calls were recorded from mothers with
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playback of the vocalisation, as there is no energy below 450 Hz (Charrier and Harcourt 2006). Experiment procedure—newborn pups, Olive Island



}



Fig. 2 Spectrograms and oscillograms of a pup attraction call (left) and a pup contact call (right) recorded from the same female. The calls were recorded in the same session at the same distance and recording level; the observed differences in amplitude are natural. Only pup attraction calls were used for playbacks in this study



newborn pups when the pup moved away from the mother inducing her to produce pup attraction calls. All calls were recorded using a BeyerDynamic M69 TG microphone (frequency response 50 Hz–16 kHz, ±2.5 dB, BeyerDynamic, Heilbronn, Germany) mounted on a 3-m boom connected to a Marantz PMD 660 digital recorder (Frequency response 16 kHz (−0.5 dB), dynamic range 80 dB, Marantz Europe, Eindhoven, Netherlands). The distance between the animal and the microphone was kept at approximately 2-m. Calls were recorded at a 44.1-kHz sampling frequency, with 16-bit resolution. Playback equipment Calls were broadcast using a Marantz PMD 670 or an Edirol R-09 (Roland Corporation, Los Angeles, CA, USA) connected to an Anchor Explorer Pro loudspeaker (30 W, frequency response 80 Hz–16 kHz±3 dB, Anchor Audio, Torrance, CA, USA) placed from 4 to 6 m from the pup. Calls were played back at approximately natural amplitudes (83± 3 dB SPL measured 1 m from the source; Charrier et al., submitted). The same playback procedure was used at both colonies. Playback stimuli were prepared using Avisoft SAS Lab Pro (R. Specht, Avisoft Bioacoustics, Berlin, Germany) and Adobe Audition 2.0 (Adobe Systems Incorporated, San Jose, CA, USA). Calls were high-pass filtered at 200 Hz to remove wind and ocean noise. Filtering did not affect the



Ten newborn pups were tested at Olive Island once every 24 h from birth (i.e., day 1, within 24 h after birth) until their mother left the colony to feed (i.e., first separation at the end of the perinatal period). Each focal pup received two playback series: the pup attraction call of its own mother and those of another ‘alien’ female. An alien female was defined as a female with a pup, born in the same colony as the focal pup, who is not the mother of the focal pup. To prevent habituation of pups to the playback stimuli, we played a different alien female and mother’s call at each experimental presentation. Series consisted of three repetitions of the same call given at a natural rate of one call every 3 s (Charrier et al., submitted). Series order was randomised by tossing a coin, and the observer was unaware of the type of stimuli presented. To avoid causing distress to the mother and potential abandonment of the pup, we conducted the playbacks to perinatal pups without physically separating them from their mother. Playback experiments were only performed when the pup was at least one body length away from its own mother (i.e., 50 cm), a sufficient distance to induce searching behaviour in the mother. Experimental series were separated by a minimum of at least 2 min. If the pup was asleep or a disturbance occurred during the playback (e.g., animals fighting nearby), the experiment was repeated later the same day. The measured response behaviours were the latency for the pup to approach either the speaker or its mother, the latency for the pup to vocalise, and the number of vocalisations given. The response of the pup was observed for 60 s from the beginning of the playback series. At the end of the perinatal period on the day of the first separation, we tested pups in the absence of their mother. Because of the variability in the duration of the perinatal attendance period, the number of playback sessions conducted per pup ranged between six and 12. To get a better view of our results, we chose to present the ages for which we have the highest number of tested pups, these ages being also the most representative of the perinatal period (Table 1): day 1 (n=7, beginning of the perinatal period), day 4 (n=8, middle of the perinatal period), and first day of separation (n=8, end of the perinatal period). Experiment procedure—2-month-old pups, Seal Bay Two-month-old pups at Seal Bay were tested only on a single occasion and in the absence of their mother. The only difference in experimental procedure for 2-month-old individuals at Seal Bay compared to newborns at Olive Island was that the mother was not present during the tests



Naturwissenschaften Table 1 Number of tested pups for each day from birth (i.e., day 1) to mother’s departure day (i.e., first separation) Day after birth
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Pups were tested on all days; however, days used for analysis are shown in bold



at Seal Bay. Because of this, the measure of latency to approach either the mother or the playback speaker was altered to only include approaches to the playback speaker. For playbacks to 2-month-old pups, alien female calls were recorded from females at Seal Bay. Statistical analysis Analysis of both experiments employed Wilcoxon matched-pairs signed-ranks tests, which are suitable for dependent sample analysis in which the assumptions of the t test for two dependent samples are violated, such as deviations from normality (Sheskin 2007). All analyses were carried out using Statistica 6.0 (StatSoft, Tulsa, OK, USA).



Results Newborn pups at Olive Island did not show any difference in the level of their behavioural response to either their mother’s call or the call of an alien female at anytime during the perinatal attendance period or at the end of the perinatal period when first separated from their mother (Fig. 3). This demonstrates that vocal recognition had not yet developed or was not yet expressed by the time the mother resumed foraging. Indeed, seven pups were tested within 24 h of birth; none of the pups showed any differentiation between their mother and the alien female (Fig. 3, Table 2). Similarly, on day 4, the eight tested pups did not show any behavioural differentiation between the two call series (Fig. 3, Table 2). Lastly, the eight individuals were tested on the first day of separation at the end of the perinatal attendance period, in the absence of their mother; again, there was no behavioural difference in response to the two playback series (Fig. 3, Table 2). In contrast, 2-month-old Australian sea lion pups at Seal Bay responded more strongly to the calls of their mother than to the calls of an alien female, indicating that at this age, pups can discriminate their mother’s voice. Pups responded significantly faster, by both approaching and calling with shorter latency, to the call of their own mother than to the call of an alien female (Fig. 3b, c; Table 2). Similarly, pups gave more calls in response to playback of their own mothers’ call than to the call of an alien female (Fig. 3a, Table 2).



Discussion This study demonstrates that by 2 months of age, Australian sea lion pups can identify their mother’s pup attraction call. However, during the perinatal attendance period and at the end of the perinatal period when first separated from their mother, pups do not show any preferences between their mother’s and an alien female’s calls, which leads us to conclude that they are unable to identify their mother’s call at this time. These results suggest that vocal recognition does not develop until after the end of the perinatal attendance period and instead develops between approximately 10 days and 2 months of age. While vocalisations alone provide sufficient information for individual recognition, the development of recognition in Australian sea lions is not as rapid as in other otariid species (Charrier et al. 2001; Trillmich 1981), presumably due to different ecological constraints. It is also possible that another sensory modality, such as olfaction, may be used for individual recognition during the early stages of life (Insley et al. 2003; Marlow 1975). The ability of 2-month-old pups to differentiate between the pup attraction call of their mother and that of an alien female demonstrates that these vocalisations contain sufficient information to enable discrimination between individuals. This finding supports the results of Charrier and Harcourt (2006) which showed that the Australian sea lion female calls contained several acoustic features enabling encoding of the caller’s identity. This result is also consistent with experimental studies on other otariids, such as the Galapagos fur seal (Trillmich 1981), subantarctic fur seal (Charrier et al. 2001), northern fur seal (Callorhinus ursinus; Insley 2000, 2001), Galapagos sea lion (Trillmich 1981) and Californian sea lion (Zalophus californianus; Hanggi 1992), in which pups could identify their mother’s voice. In the Galapagos fur seal and sea lion and the subantarctic fur seal, pups can identify their mothers by the end of the perinatal period (Charrier et al. 2001; Trillmich 1981); however, development has not been examined in the other species. Additional species show individual stereotypy in their calls but have not yet been experimentally examined to demonstrate recognition (Insley et al. 2003). The absence of an onset of recognition during the perinatal attendance period suggests that the pup’s vocal recognition abilities do not develop or are not expressed until sometime after the end of this period but prior to 2 months of age. This finding is in stark contrast to the subantarctic fur



Naturwissenschaften Fig. 3 Responses to playbacks conducted during the perinatal attendance period and at 2 months of age. Newborn pups at Olive Island showed no differentiation in behavioural responses to either their mothers’ call or the call of an unfamiliar female at day 1, 4, or the first separation. However, by 2 months of age, pups at Seal Bay were able to discriminate the calls. a Number of calls. b Latency to call. c Latency to approach. Bars represent mean response ±1 SE; *p 
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