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                    Abstract
Harbor seals (Phoca vitulina) were formerly widely distributed in Greenland, but in most areas, they have now become rare or extinct. In this study, we deployed 15 satellite-linked data-recorders on 12 individual harbor seals captured near the southern tip of Greenland. The tagging site, a small archipelago, turned out to be their main haul-out and molting location. The seals were tagged around the first week of September across 2 years. Six adult seals transmitted during the breeding season (June–July), during which two males and a female stayed near the tagging site, whereas two females and a male made a targeted swim about 250 km northward along the east coast, just prior to parturition and they returned right after the breeding period. Based on behavior (strong site fidelity and abrupt changes in haul-out and diving activities), we determined that all three females gave birth and that parturition happened during 14–21 June. Prolonged haul-out, relating to the molt, started in early August and peaked during 15 August–8 September with an average of 10–11 h haul-out per day. The seals thereafter gradually transitioned toward a winter mode with more deep dives and on average hauling out 4 h every other day. Dives deeper than 400 m made up less than 1% of their dives, but four seals dove to depths in excess of 575 m, with a record depth of 631 m and the longest dives lasting between 20 and 25 min. To our knowledge, these dives are the deepest recorded for harbor seals.



                    
    


                    

                    
                        
                    


                    
                        
                            
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Individual variability in diving, movement and activity patterns of adult bearded seals in Svalbard, Norway
                                        
                                    

                                    
                                        Article
                                         Open access
                                         19 November 2018
                                    

                                

                                Charmain D. Hamilton, Kit M. Kovacs & Christian Lydersen

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Seasonal and diel differences in dive and haul-out behavior of adult and subadult ringed seals (Pusa hispida) in the Bering and Chukchi seas
                                        
                                    

                                    
                                        Article
                                         Open access
                                         15 October 2018
                                    

                                

                                Justin A. Crawford, Kathryn J. Frost, … Alex Whiting

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Movement, diving, and haul-out behaviors of juvenile bearded seals in the Bering, Chukchi and Beaufort seas, 2014–2018
                                        
                                    

                                    
                                        Article
                                        
                                         08 July 2020
                                    

                                

                                J. Olnes, J. Crawford, … L. Quakenbush

                            
                        

                    
                

            
        
            
        
    
                        
                    

                    
                        
                            
    
        
            
            Use our pre-submission checklist
            
            
            Avoid common mistakes on your manuscript.

        

        
            
                
            
        

    


                        

                    

                    
                        
                                
                                    Introduction
Harbor seals (Phoca vitulina) have the widest distribution of any pinniped; occupying coastal waters in temperate and sub-Arctic parts of the Northern Hemisphere, with a few high-Arctic populations around Svalbard and Baffin Island (Canada) (Mansfield 1967; Gjertz et al. 2001). The highest abundance is found in the temperate zone, but they are distributed in a near continuum of small overlapping populations into the Arctic (Andersen and Olsen 2010). They usually concentrate around specific haul-out locations during breeding and molting and might show site fidelity to these haul-out sites throughout the year (Härkönen and Harding 2001; Dietz et al. 2013).
The Greenlandic harbor seals have never been numerous in historic time, but their current status as critically endangered on the regional (Greenlandic) red list (prepared according to guidelines issued by IUCN), is mainly a consequence of unsustainable hunting. Rapidly declining catches from around 1960 to the early 1980s in all of West Greenland, indicated that the populations were declining (Rosing-Asvid 2010), and by the early 1990s most traditional haul-out sites and breeding places had been abandoned (Teilmann and Dietz 1994). Unlike the catch history in West Greenland the catches in the southernmost part of Greenland has remained stable during 1960–1980 and the local hunters knew about several active breeding sites in the early 1990s (Teilmann and Dietz 1994). Dense concentrations of multi-year ice normally restrain the hunting activities from boats during spring and early summer in East and South Greenland. The ice extent, however, was extremely low during 2003–2005 and catch numbers of harbor seals soared during the summers of 2003 and 2004, which likely reduced the population significantly (Rosing-Asvid 2010). The Greenland government imposed a ban on harbor seal hunting in all of Greenland in December 2010 (Anon 2010) with the hope of restoring the remnant harbor seal populations. To better monitor the populations, it is important to know their distribution and their seasonal cycles of behavior. Here we use satellite telemetry to provide the first detailed description of habitat use, diving and haul-out behavior of harbor seals from southern Greenland .


Methods
Tag deployment
The capture and tagging of 12 individual harbor seals, two of which were repeat deployments took place during two field seasons: 27 August–9 September 2009 (n = 8) and 1–7 September 2010 (n = 6). The tagging site was a small group of islands (Qeqertat—59.89° N, - 43.47° W), 27 km northeast of Cape Farewell, the southern tip of Greenland. The islands face the open North Atlantic Ocean but form a small and rocky archipelago with a center of relatively calm waters regardless of the weather. Floating nylon monofilament nets were set across some of the narrow straits to entangle seals and the harbor seals were captured and handled without disturbing seals at the main haul-out site in the center of the archipelago. The captured seals were handled in a pole-net (two 2 m long poles with net in between). When in the pole-net, the seals were cut free of the entangle net. They could now be lifted up on land and weighted with a hanging scale. The standard length was measured, and a few cm was added if the seal retracted its head and bend its back, as they often do under such conditions (the length measurements are with a few cm of uncertainty). Girth was not collected because this measurement also is affected by how the seal pose. Two of the seals were much smaller than the rest. These juvenile seals were most likely yearlings. The rest appeared to be adult (ranging 63–125 kg). These length and weight measurements are some of the first from Greenland, but in a similar study from the northern Gulf of Alaska, males > 55 kg and females > 47 kg were considered adult, based on historical age/weight data (Lowry et al. 2001) and in a study from Scotland all seals above 40 kg were deemed physically mature (Cunningham et al. 2009). All captured seals were equipped with either a SPLASH-200/277A (78 × 51 × 25 mm, 111 g) (n = 9) or a SPOT5-100/227D (45 × 30 × 23 mm, 41 g) (n = 2) tag glued on the top of the head, or a SPOT5-100/250A flipper tag (57 × 31 × 18 mm, 50 g) (n = 4) attached with two pins through the inter-digital web of the hind flipper (all three tag types were made by Wildlife Computers, Seattle, USA). One adult female had both a head and a flipper tag and three adult males were equipped with only flipper tags since they were still molting (Table 1). Tagging was conducted under the general permit of Greenland Institute of Natural Resources issued by the Greenland Government (Anon. 2010).
Table 1 Metadata of tagged harbor seals from South Greenland, including length and weightFull size table

Sampling protocol
The SPOT5 tags provided positions and 24 h timelines with the percentage of each hour that the salt-water-switch was dry. In addition to positions and”percentage dry timelines” the SPLASH tags recorded the maximum dive depth within a 24 h period and provided 6 h summary histograms with counts in predefined bins of: dive depth, dive duration, time at depth (TAD) and time at temperature (the latter is not presented in this paper). Depth readings of 4 m was set to determine start and end of dives. Dives shallower than 4 m were ignored. Table 2 lists the predefined bin intervals and some of the summary data.
Table 2 The first three columns lists the 14 predefined bins of dive depth, dive duration, and TADFull size table

Data collection and analysis
Data on movements and transmitter status were collected via the Service Argos Location system (Harris et al. 1990). All positions used in the present study were obtained by filtering the DIAG files from Argos using a SAS-routine, Argos Filter V7.02 (Douglas 2006). The filter is comparable to the R-based SDA filter (Speed, Distance, Angle) (Freitas et al. 2008). The filter settings for this study were set as default except for those subsequently described. Maximum swim speed was set to 10 km/h (minrate = 10), i.e., excluding swim speed between two locations > 10 km/h. If, however, the distance between locations was less than 5 km (maxredun = 5), they were both retained, because the swim speed calculations may be unrealistic due to small inaccuracies of closely spaced positions. Finally, positions were excluded if the angle between consecutive vector lines of consecutive locations was less than 10 degrees (ratecoef = 10). The maps with tracks were generated using ArcMap (version 9.3). The bathymetrical depth contours are based on 1-degree resolution GEBCO data (version 1.00). Hawth’s Analysis Tools V3.27 was used as an extension to ArcMap to generate track lines. Outline map to indicate the regional setting of the study area is a screenshot from Google Earth.


Results
Distribution and movements
The tagging site (the Qeqertat-archipelago) was the main base for all the tagged seals (Fig. 1), and for most of the time when they were in their core area, they all remained close to the coast. Six seals, including one of the two recaptured seals (no.3), which were tagged twice, had a very confined home range, with none of them moving more than 23 km away from the tagging site. Three of these resident seals, including the two juvenile seals, transmitted less than 8 months (stopped before May), but three adults (one female and two males) transmitted long enough to include the breeding season (June–July), which they spent close to Qeqertat. The remaining six seals, including the second recapture (no. 6), also stayed near the islands for extended periods, but made longer (60 + km) excursions. Some of these straying seals explored the offshore shelf area and one of them reached up to 81 km from the coast. Three of them (two females, no. 1 and 11 and a male, no. 10) transmitted during the breeding period, which they spent around Puisortoq on the Greenland east coast about 250 km north of Qeqertat. At least one of these seals (no. 11) would occasionally haul-out on the southward drifting ice along the Greenland east coast. These seals apparently went to Puisortoq to give birth, nurse and mate before returning to the tagging area in July (Fig. 1). All individual tracks are shown in Online Resource 1.
Fig. 1
(Left) Tracks from three harbor seals (Phoca vitulina) that spent most of the time in the core area (the scattered area), but also made excursions outside that area. Their tags stopped transmission prior to the breeding season. Eight harbor seals not shown here stayed within the core area throughout the tagging period. (Right) Tracks from the three harbor seals that went to Puisortoq during the breeding season. The red stars show the tagging site and the red dots are the positions where females presumably gave birth (individual tracks for all seals are shown in Online Resource 1)


Full size image

Diving behavior
The nine deployments with SPLASH tags (two seals recaptured and tagged twice), transmitted histograms with information from 466,865 individual dives (Table 2). The seals on average spent 63% of the time in the upper 50 m, but all seven seals also made some exceptionally deep dives. Five individual seals (both males and females) reached the 500–600 m bin a total of 117 times and two seals dove four times to this bin within a 6 h interval. The longest time spent in the 500–600 m bin within 6 h was 18 min (5%). The longest dive duration was in the 20–25 min bin. Three seals (one male and two females) reached this bin a total of 13 times, and one of these seals reached it twice within a 6 h period. Several seals did apparently perform very deep (500+ m) and long lasting (20+ min) dives repeatedly some days, but each of these categories only represent about 0.02% of the total number of dives (Table 2).
During Sep-Apr the males made more than twice as many shallow (< 10 m) and short (< 1 min) dives than the females. The two sexes did, however, spent close to the same amount of time in the upper 4–10 m bin. This behavioral difference with a very high number of shallow and short dives among the males has strong influence on estimates of mean dive depth and the relative number of dives in different dive depth and dive duration bins. These differences between the sexes might come about because of low sample size and an odd behavior of two seals and those dive parameters are, therefore, not presented.
The TAD registration is not affected by this behavior and Fig. 2 shows the relative time spent in six depth intervals by males and females. The males spent twice as much time as females below 300 m and generally they also spent more time in the upper 25 m (males: 61%, females: 50%), whereas females spent more time in the 25–200 m interval (males: 26%, females: 40%). Both sexes started to dive deeper in December and their recorded maximum dive depth would often reach depths below 500 m during December–April (Fig. 3). In May, the females (n = 2, both presumably pregnant), reduced the maximum dive depth and all dives were now shorter than 15 min. The number of dives in the 10–15 min bin were also gradually declining until a period of about a week in June, when all dives were shorter than 5 min and the seals remained in the upper 25 m almost all of the day.
Fig. 2
Seasonal changes in the relative time spent in six depth intervals by male (left) and female (right) harbor seals (Phoca vitulina) from South Greenland. The number in parentheses after each month is the number of seals transmitting and the percentage in parentheses after each depth intervals is the total fraction of time spent in that interval


Full size image

Fig. 3
The recorded daily maximum dive depths of harbor seals (Phoca vitulina) from South Greenland, plotted by date across a full year (n = 659). The solid blue and red lines are running averages of 20 measurements for male and female, respectively. The number of active tags by sex and month is shown in Fig. 2


Full size image

Only one male transmitted dive data during May–August and in May this male reached 500–600 m most days. In June, he increased the time spent in the upper 100 m (Fig. 2) and he alternated between days with relatively shallow and deep maximum dives (Fig. 3), including a dive to 631 m, which to our knowledge is the deepest ever recorded for a harbor seal.
Hauling out behavior
The tagged harbor seals hauled out almost every day during August–September for an average of 7–9 h/day (Fig. 4). The haul-out peaked during midday throughout these months, but the longest average haul-out was during 15 August to 8 September (10–11 h/day). The haul-out would also peak during midday in this period, but in addition, relatively many seals also hauled out late in the evening and during night (from 7 PM to 5 AM). During November–December there was a gradual transition toward the January-May haul-out mode, with least time spent on haul-out (average of about 4 h of haul-out every second day). There was no significant difference between the time spent on haul-out these months (ANOVA: single factor, F = 1.48, df = 4, p = 0.21), but the variance among the individual seals could be high and during April–May the diurnal pattern changed toward more haul-out during daytime.
Fig. 4
The diurnal haul-out pattern by month of all tagged harbor seals (Phoca vitulina) in South Greenland. All the tagged seals are combined. Haul-out is defined as the time the tag is dry in the intervals from 30 to 100% dry


Full size image

Averaging across all seals, we observed a clear diurnal pattern in haul-out behavior (Fig. 4) with peak haul-out in the hours around and after noon for all months, except in June when the haul-out peaked a bit earlier (9:00–12:00). The females drove this earlier peak in June as the females hauled out more often and earlier in the day than the males in that month.
Abrupt changes in female behavior
Three adult females had active tags (two females with dive data) during the breeding season in June–July, 9–10 months after tagging. These seals (no. 1, 2 and 11) all had a period when they became stationary, changed their dive pattern abruptly, and had an unusual haul-out pattern. For about a week almost all TAD was in the upper 25 m (Fig. 2), all dives were shorter than 5 min, and the daily maximum dive depth was about 50 m (Fig. 3). Generally, the “percentage dry timelines” from a head-mounted tag will produce a high number of hours with a dry tag in the 10–20% and 20–30% bins when the seal is foraging and some hours in the 100% bin when the seal is hauled out (Table 2). A haul-out will typically be a number of hours with a 100% dry tag framed by two counts equally distributed in any percentiles (one such count for the hour when the seal climbs on land and one count for the hour when it goes back into the water). Outside the nursing period, a large fraction of registrations in the 30–98% percentiles are in relation to haul-out and the number of counts in those intervals are, therefore, usually low (Table 2).
In June (around the time when these seals normally give birth) the three females abruptly changed the haul-out pattern, so that they spent a large fraction of the day in the 30–90% bins, which means that the seals went in and out of the water or they lay in shallow water exposing the tags now and then. For example, after arriving at what is presumably a breeding area (Puisortoq) on 12 June, seal no. 11 spent 22 h in the 30–90% dry bins, starting on 14 June and she stayed 10 h/day in these bins for the next 5 days, spending only a few min in water deeper than 10 m. Her daily maximum dive depth was around 50 m and it gradually increased to 100 m during the following period until 2 July, after which it increased abruptly to > 300 m, but she continued to spend a relatively long time in the 30–90% dry bins until 8 July. One of the other females (no. 2) showed similar behavior starting on 16 June, but this seal remained around Qeqertat. The third adult female (no. 1) carried a flipper-mounted tag and she did not transmit any positions on her northward swim to Puisortoq, from where she first transmitted on 7 June. On 21 June, she spent 16 h with the tag in the 3–98% bins and until 11 July, she spent an unusually high number of hours in these bins.


Discussion
Breeding areas
The distribution of harbor seals in southern Greenland (south of 60′ 30° N) described here by telemetry is in accordance with information provided by local hunters to the authors prior to this tagging study and to an interview investigation back in 1992 (Teilmann and Dietz 1994). The hunters had observed females with pups scattered across several locations within 25 km from Qeqertat. The female (no. 2) that we believe gave birth about 15 km northeast of Qeqertat (based on the unusual behavior described above), was within the known breeding habitat. Two females swam 250 km north of Qeqertat to Puisortoq (we believe to give birth (based on behavior)) and one male swam to the same area and stayed there during the breeding season. Puisortoq was not known as a pupping area prior to our study (the hunters can normally not reach this area during June–early July due to ice conditions). Both of the females that we tracked to Puisortoq returned to Qeqertat in late July, one of them swimming the 250 km journey in only 2 days. The females that went to Puisortoq did not breed at the same location, but only a few kilometers apart.
Harbor seals are generally philopatric, but may undertake periodic long-distance foraging movements of up to several hundred kilometers (Bjorge et al. 2002; Peterson et al. 2012; Dietz et al. 2013). Some studies have found that juvenile seals move more and stray further away from their main haul-out site than adults (Lowry et al. 2001; Dietz et al. 2013). A study from Svalbard did not find any such age related differences, but in that area males would generally have a larger home range than females (Blanchet et al. 2014), The opposite, females generally having larger home range than males, was found in a study from Denmark (Dietz et al. 2013). A study from the St. Lawrence River estuary, Canada showed that seals in that area were migrating 266 ± 202 km (range 65–520 km) to over-wintering sites with lighter ice conditions than those near the estuary. Common for all these studies was that the adult seals during the breeding/molting season showed strong fidelity to the breeding/molting area where they had been tagged. In a study from the Pacific Northwest some males would make long round-trip movements > 200 km to distant haul-out sites both before, during and after the mating season, but showing fidelity to the region where they were captured (Peterson et al. 2012). Genetic studies on these and other harbor seals from Alaska prove that the gene flow in between populations mainly is driven by the males (Herreman et al. 2009; Peterson et al. 2012). All seals in the present study also showed fidelity to where they were captured, but three of the six seals transmitting during the breeding season (a male and two females), swam to the same area approximately 250 km north of the tagging area, apparently to give birth and mate there before returning to the capture site again. Two males and one female remained near the tagging site throughout the year and they presumably gave birth and mated in that area.
The data, therefore, opens for the possibility that the harbor seals in South Greenland consist of two distant and separated breeding populations that share the same foraging and molting area outside the breeding season.
Deep diving
Many harbor seal populations live in areas with relatively shallow water and are, therefore, not deep divers, but studies from Svalbard and some parts of the North America report dive depths in excess of 450 m (ranging 450–508 m) (Kolb and Norris 1982; Frost et al. 2001; Gjertz et al. 2001; Hastings et al. 2004; Eguchi and Harvey 2005). One of these studies was in Prince William Sound, Alaska, where the bathymetry was variable and included overdeepened fjords, just like the waters around Qeqertat. The seals in that area had a focal dive depth in the 20–100 m interval (somewhat greater in winter than in summer) and with a few deep dives to at least 480 m (Frost et al. 2001).
In the present study the seals spent more time below 100 m than in the 25–100 m interval, but they showed a similar seasonal pattern with relative shallow dives during and after the molt and deeper dives and an increase in the maximum dive depth occurring as they transition to the winter mode in November–December. In our study four seals (both males and females) dove in excess of 575 m during winter, but the maximum dive depth decreased for the females in May and continued to decrease until after the nursing period in June. The single male with a time-depth recorder lasting for close to a full year, reached the record dive depth of 631 m on 25 June and its deepest dives were performed during May–July.
This difference in male and female dive depths as the parturition approach, might be linked to increased fetal demand for oxygen. A study on northern elephant seals (Mirounga angustirostris) shows that dive duration of pregnant females become increasingly shorter than dive duration of non-pregnant females after week 17 and the authors suggest that this difference reveal an opportunity to explore the use of biologging data to investigate pregnancy status of free-ranging marine mammals (Huckstadt et al. 2018). We propose that the abrupt changes in both dive and haul-out behavior of female harbor seals (described above), not only establish their pregnancy status, but also reveal the position and date of parturition.
Haul-out behavior
A seasonal cycle was observed in the haul-out behavior of the seals, which can be explained by their molting demands. Harbor seals start to molt a few weeks after the end of lactation and the molt lasts for 4–6 weeks (Paterson et al. 2012). This molting period is dominated by long haul-outs and foraging in relatively shallow waters close to the molting site. The seals were slow to come out of the molting mode, but by November–December, they transition to a winter mode with fewer and shorter haul-out periods and deeper dives as described previously. Little haul-out during winter is common among harbor seals, but with a less extreme difference between summer and winter in more southerly populations and more extreme (1.2 h/day during winter) in the northernmost harbor seal population from Svalbard (Hamilton et al. 2014).
The growth of epidermal cells in phocids requires a minimum skin temperature of 17 °C (Feltz and Fay 1966). A study on captive harbor seals in Scotland showed that during the molt, seals would often be shivering in order to accelerate a rise in body surface temperature when coming out of the water. They were actively increasing perfusion of blood to the skin and the difference between their mean skin temperature and the air temperature reached a maximum temperature that was approximately 10 ºC higher during molt than during the pre-molt season. The cost to maintaining high skin surface temperature during molt was estimated to be roughly a doubling of the metabolic rate (Paterson et al. 2012). This cost is likely to be higher in colder environment and the seals will, therefore, have to prioritize hauling out on warm sunny days. The seals in this study did follow a strong diurnal pattern with most of the haul-out from around noon and into the afternoon, when temperatures normally are highest. Although most seals had finished the molt in early September, four seals (female no. 11 and males no. 4, 5 and 10) were still molting when caught in early September. The female had completed the molt on the head and shoulders, but the three males were all in an earlier state of molt (still molting on the head) and were, therefore, equipped with flipper tags.
Timing of the parturition
We believe that the abrupt reduction of home range and simultaneous changes in both the dive and the haul-out patterns described above, reflect the parturition and we, therefore, estimate parturition to have occurred during 14–21 June. Female harbor seals are known to come into estrus near the end of lactation and will subsequently spend more time at sea (Boness et al. 2006). The females were back to “normal” behavior around mid-July and mating is, therefore, likely to have occurred prior or around that time.
This estimated timing of parturition falls very close to published mean values estimated for Northeast Atlantic harbor seals (Phoca vitulina vitulina), and about 2–3 weeks later than Northwest Atlantic harbor seals (Phoca vitulina concolor) at northern latitudes (Lawson and Renouf 1985; Härkönen and Heide Jørgensen 1990). The timing of parturition is, however, a rather plastic parameter, which according to Reijnders et al. (2010) has shifted 25 days earlier in the Dutch part of the Wadden Sea from 1974 to 2009. Such changes might be related to climatic changes, but the timing of birth can also be influenced by body condition, which again might be influenced by population density and prey availability (Cordes and Thompson 2013).
This study represents the first telemetry study of harbor seals in Greenland. The sample size is small, but the data indicate that the harbor seals in South Greenland might consist of two distant and separated breeding populations that share the same foraging and molting area outside the breeding season. The study also provides a new dive depth record and a novel way to estimate pregnancy status, position and date of parturition based on telemetry data.
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