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Abstract

Seabirds in cold biomes sometimes aggregate near glacier fronts and at sea-ice edges to forage. In this note, we report on large aggregations of black guillemots (Cepphus grylle) at the edge of sea ice in front of the tidewater glacier Kongsbreen (Kongsfjorden, Svalbard). During several days in the second half of June 2011, we observed 49–155 individuals of black guillemots at this ice edge. They foraged actively, and many of the dives were directed underneath the sea ice. The outflow of glacial meltwater and resulting upwelling generated opportunities for the black guillemots to feed, likely on zooplankton or fish. The black guillemots used the sea ice as a resting platform between dives or diving sessions, and whilst on the ice, they interacted socially. On our last visit, the sea ice was gone, and the black guillemots had left the bay. At the neighbouring tidewater glacier Kronebreen, there was no sea ice connected to the glacier. Surface-feeding seabirds, particularly black-legged kittiwakes (Rissa tridactyla), were numerous at the plumes generated by meltwater from Kronebreen. Black guillemots were not seen at these plumes, but some individuals were seen scattered in the fjord system. Our observations add to the natural history of black guillemots and enhance our knowledge of ecological interactions and seabird habitat use shaped by tidewater glaciers.
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Introduction

The distribution of animals in space and time is the outcome of complex interactions between external states, such as food availability, predation risk and abiotic conditions, and internal states, such as hunger, body condition and breeding status (Levin 1992; Houston & McNamara 1999). For foraging animals, aggregations are likely where food is abundant and available (Fretwell & Lucas 1970; Stephens et al. 2007). Seabirds are known to aggregate in the Arctic marginal ice zone because of the good feeding conditions (Bradstreet 1979, 1980; Lønne & Gabrielsen 1992; Divoky et al. 2016), with similar patterns in the Antarctic (e.g., Tarroux et al. 2020). Arctic seabirds, particularly surface feeders, also aggregate near tidewater glaciers (also known as marine-terminating glaciers) in the melting season (McLaren & Renaud 1982; Day et al. 2000; Lydersen et al. 2014; Stempniewicz et al. 2017; Nishizawa et al. 2020; Bertrand et al. 2021). Freshwater run-off from tidewater glaciers leads to upwelling and the entrapment of zooplankton, which results in predictable aggregations of prey (Węsławski et al. 2000; Lydersen et al. 2014; Urbanski et al. 2017).

The black guillemot is primarily a coastal and fjord species, diving for food in relatively shallow areas near the coastline, usually solitarily or in small groups (Anker-Nilssen et al. 2000; authors’ own observations). It eats small fish and larger zooplankton, as well as benthic organisms (Lydersen et al. 1989; Lønne & Gabrielsen 1992; Mehlum & Gabrielsen 1993; Divoky et al. 2021). The black guillemot can also be common offshore at sea-ice edges (Bradstreet 1979; Divoky et al. 2016). When found in glacial bays, black guillemots are less closely associated with glacier fronts than surface-feeding species, such as the black-legged kittiwake (Rissa tridactyla; Lydersen et al. 2014; Stempniewicz et al. 2017). In this study, we report on large aggregations of foraging and resting black guillemots in a habitat that combines a well-defined sea-ice edge with meltwater run-off from a tidewater glacier.

Study site and methods

The observations are from Raudvika (78.9°N, 12.6°E), a glacial bay in inner Kongsfjorden, Svalbard, near the research community of Ny-Ålesund (Fig. 1). The tidewater glacier Kongsbreen terminates in this bay. The bay was visited in the second half of June 2011, and the black guillemots counted on four dates (19, 22, 23 and 25 June). The visits to Raudvika were made in a small boat and lasted about 15 min each time, except for a longer visit of about an hour on 22 June, when the guillemot behaviour was observed in some detail and was filmed (Supplementary video). On this longer visit, we anchored the boat to the fast sea ice. Our observations at Raudvika were supplemented with observations of surface-feeding seabirds aggregated at the neighbouring tidal glacier Kronebreen (Fig. 1), 2–3 km away from the ice edge in Raudvika, on 23 June.

Fig. 1The study area in Svalbard, Norway. Our black guillemot observations are from Raudvika (black dot), in front of the Kongsbreen tidewater glacier. Additional observations of surface-feeding seabirds in front of the tidewater glacier Kronebreen are also included in the study. Glacier fronts are positioned based on satellite photographs from 2018.
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The sea ice had many surface melt ponds, was connected to the glacier and had a well-defined edge, and there were no loose ice floes on the bay (Fig. 2). The ice edge was about 1.3 km long and situated parallel to, and about 2 km from, the glacier front (Figs. 1, 2). The position of the ice edge was the same on our three first visits. There was a strong outflow of water, likely glacier meltwater, particularly in the middle of the bay. On the sea ice nearer to the glacier, ringed seals (Pusa hispida) hauled out. On our final visit (25 June), there was no sea ice in the bay.

Fig. 2(a), (b) Black guillemots aggregated at the edge of fast sea ice near a tidewater glacier in Raudvika, Kongsfjorden, Svalbard, 22 June 2011 (photo: Øystein Varpe). (c) Aerial photograph of the Raudvika bay and the glacier Kongsbreen, taken on 23 June, showing the location of the sea-ice edge during our observations (photo: Stephen J. Coulson).
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Observations

The black guillemots were found on the sea ice or on the water near the ice edge (Fig. 2, Supplementary video), mainly at the middle and northern parts of the bay. This distribution was consistent for all three days with sea ice. The number of guillemots on these days ranged 49–155 individuals (Table 1). Only a few scattered black guillemots were observed on the last visit (25 June), after the sea ice had disappeared from Raudvika. We observed a mix of immature and adult individuals (Supplementary Fig. S1), which can be distinguished on the basis of the barred white wing patch of immature individuals (Cramp 1986).




Table 1Number of black guillemots at the sea-ice edge in Raudvika, Kongsfjorden, on different days during the second half of June 2011.


	Date
	Number of black guillemots
	Comments
	Sea-ice conditions





	19 June
	Ca. 100
	Approximate count
	Well-defined ice edge



	22 June
	155
	We spent about one hour in the bay, and the number of birds were similar during this period (the Supplementary video is from this occasion)
	Well-defined ice edge



	23 June
	49
	Zooplankton specimens from surface waters picked nearer to the Kronebreen glacier
	Well-defined ice edge



	25 June
	6
	For the whole of Raudvika
	No sea ice





The birds were diving frequently, and some dives were directed underneath the ice. Other dives took place in the ice-free waters just off the ice edge. On several occasions, individuals used the sea ice as a starting point for dives, launching themselves onto the water and after a few seconds initiating the dive. The sea ice also served as a resting platform between dives or diving sessions. A diverse range of social interactions could be observed, such as some birds chasing each other (Supplementary video).

At the neighbouring glacier, Kronebreen, black-legged kittiwakes were very abundant, in addition to some northern fulmars (Fulmarus glacialis), glaucous gulls (Larus hyperboreus) and Arctic terns (Sterna paradisaea). These aggregations are commonly seen at Kronebreen during summer (authors’ observations). Judging from the three main aggregations of birds, meltwater and plume formation occurred at three places along the glacier front (see Supplementary Fig. S2 for one of these aggregations). Because of the risk of ice calving from the glacier, we did not enter these plumes, which are located close (10–100 m) to the glacier front. On the fjord in front of Kronebreen only a few, scattered black guillemots were seen, and they were not associated with the plumes. Some distance from the Kronebreen plumes, we observed macrozooplankton that was slow moving and not behaving normally and could be picked by hand from near the surface. They were probably suffering from low salinity and osmotic stress. We did not perform quantitative sampling, but we picked up a few specimens, which were the amphipod Themisto libellula and krill Thysanoessa sp. (Supplementary Fig. S3).

Discussion

Our observations illustrate how sea ice, with a well-defined ice edge, in front of a melting tidewater glacier sets up favourable feeding conditions for a diving bird. The black guillemots were not evenly distributed along the ice edge but were aggregated near the well-defined outflow that was likely meltwater from the glacier. Plumes and upwelling in front of tidewater glacier fronts are well known to attract large numbers of foraging seabirds (Hartley & Fisher 1936; Stott 1936; Mehlum 1984; Węsławski & Legeżyńska 1998; Węsławski et al. 2000; Lydersen et al. 2014; Bertrand et al. 2021).


Themisto libellula and Thysanoessa sp., which we observed nearer to Kronebreen, have been reported as abundant near glaciers in Kongsfjorden (Węsławski et al. 2000), and their presence near the surface led Węsławski et al. (2000) to suggest that the zooplankton was entrapped by the estuarine circulation, and that the freshwater possibly impairs the zooplankton, making them relatively easy prey (Lydersen et al. 2014). Amphipods, including T. libellula, and other invertebrates are frequently observed as part of the black guillemot diet (Mehlum & Gabrielsen 1993), more so in coastal areas compared to the fish-dominated diet observed offshore in the marginal ice zone (Mehlum & Gabrielsen 1993). Previous studies of seabird aggregations in front of glacier fronts lacked the fast sea ice in front of the glacier that we observed in Raudvika. What we observed in this bay is, however, somewhat similar to aggregations of black guillemots observed further east in Svalbard, on a cruise with the RV Lance in July 2007: aggregations of 100–150 black guillemots were seen feeding in Wallenbergfjorden (Palanderbukta), close to sea ice connected to the glacier Vegafonna (pers. obs. G.W. Gabrielsen).

Black guillemots were the only bird species in the bay with fjord ice, whereas several surface feeding species were present at the plumes by the neighbouring Kronebreen. In a detailed study of seabird distributions in front of a glacier in Greenland, Nishizawa et al. (2020) also report an absence of diving birds, and a large number of surface feeders, at the glacier front plumes. One explanation for the black guillemots’ attraction to the bay with fast ice could be that the food may have primarily been present under the ice or at some depth, making it available only to a diving bird and inaccessible for surface feeders, such as gulls. The prey community may also have differed, potentially with polar cod (Boreogadus saida) being present in Raudvika. This fish species is well known to Kongsfjorden and other fjords in Svalbard (e.g., Nahrgang et al. 2014). Polar cod can be found under sea ice and would benefit from invertebrates in the water current (Crawford & Jorgenson 1993; Hop & Gjøsaeter 2013). Furthermore, the absence of black guillemots at the Kroneebreen plumes may be related to their relative inability to escape quickly when the glacier is calving, in contrast to swift flyers and non-divers such as black-legged kittiwakes.

The waters where the black guillemots foraged were rather turbid (Fig. 2, Supplementary material), raising questions about their vision whilst diving. Water clarity strongly impacts the detection distance of visually searching predators (Aksnes & Utne 1997), and snow-covered sea ice limits the light entering the water column, with many implications for ecological interactions (Varpe et al. 2015; Langbehn & Varpe 2017). The distribution and feeding behaviour of Kittlitz’s murrelets (Brachyramphus brevirostris) in Alaskan fjords suggest that this seabird species is particularly adapted to low-light feeding conditions (Day et al. 2000; Arimitsu et al. 2012). They feed on macrozooplankton and small schooling fishes (Day & Nigro 2000) and also breed close to glaciers. Our observations suggest that the black guillemot, similarly to the murrelet, may have a particular capacity to detect prey under turbid and low-light conditions. Black guillemots with food in their stomachs can be found in Svalbard during the polar night, supporting the idea that they can detect and catch prey under low-light conditions (Berge et al. 2015).

The sea-ice edge was a much-used roosting or resting platform. Diving in cold water and digesting cold prey are energy demanding, and digestion takes time (Hawkins et al. 1997). Resting on sea ice can then be beneficial and makes it easier to regain body temperature after repeated dives in the cold water (Gabrielsen et al. 1988; de Vries & van Eerden 1995; Niizuma et al. 2007). Near the neighbouring Kronebreen, pieces of glacier ice floating in the fjord were much used as resting platforms by black-legged kittiwakes (Supplementary Fig. S4) but were not used by black guillemots, indicating that they had better conditions at the fast ice in Raudvika.

The black guillemots interacted actively when on the sea ice (Supplementary video), and mature and immature individuals were there together. Black guillemots breed in the area, and colonies are situated on Midtholmen and Juttaholmen, some 5–10 km west of Raudvika, with about 20 and 30 breeding pairs, respectively (pers. obs. G.W. Gabrielsen). At the time of our observations (late June), breeding black guillemots would be incubating their two eggs, with hatching around 10–15 July (pers. obs. G.W. Gabrielsen; Mehlum et al. 1993). Some of the black guillemots we observed in Raudvika may have been in between incubation spells.

As global warming impacts the cryosphere, sea ice and glaciers are diminishing in Svalbard and the Barents Sea (Onarheim et al. 2018; Duarte et al. 2020; Geyman et al. 2022). These changes to the ice environment will impact black guillemots and similar birds in diverse ways. Sea-ice extent in Kongsfjorden is variable; in recent years, sea ice has covered only the inner parts of the fjord (Pavlova et al. 2019). If this trend continues, sea-ice edges near the glacier are unlikely to coincide in time with the seasonal meltwater run-off from the glacier. Furthermore, changing sea-ice conditions offshore will impact black guillemots feeding in the marginal ice zone. Loss of sea ice nearshore is related to reduced breeding success and population size of black guillemots in Arctic Alaska (Divoky et al. 2015), along with changing foraging behaviour and prey composition (Divoky et al. 2021). Retreating glaciers have a range of ecological consequences in terrestrial, freshwater and marine environments (Cauvy-Fraunié & Dangles 2019). As they retreat, tidewater glaciers eventually become land-terminating glaciers (Lydersen et al. 2014). These changes will have many implications as a diverse range of ecological interactions occur in front of tidewater glaciers, particularly during the part of the year when freshwater run-off from the glaciers affect the estuarine circulation (Lydersen et al. 2014). Our observations add to the range of such glacier-related ecological interactions by documenting how the fast sea ice (with a well-defined ice edge) in front of a melting tidewater glacier sets up favourable feeding conditions for a diving seabird.
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